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Information Request: LNG EA Amendment – Flaring conditions 

Date received:  24 June 2017 

 

Questions and response 

 

A Information in QGC EIS 

The administering authority understands that the Queensland Curtis LNG Environmental Impact Statement (QCLNG 

EIS) dated 7 July 2009 discusses both normal and non-normal operations of the flares at QGC's LNG facility on Curtis 

Island. Furthermore, the air modelling report in Attachment 3 of the application references normal flow operations and 

states that it is discussed in the QCLNG EIS. The QCLNG EIS stated that the wet and dry flares would be installed to 

achieve smokeless and near-zero particulate releases during normal operations. However, the QCLNG EIS does not 

clearly address non-normal operations and if smokeless and near-zero particulate release would be achieved. 

To allow the administering authority to determine whether current operations are different from the commitments in 

the QCLNG EIS, please provide a discussion of the non-normal operations detailed in the QCLNG EIS which produce 

visible smoke from the flares at the LNG facility. 

Response 

During normal operations, the flare is smokeless. This is the case for greater than 99% of the time, 

however the specific conditions associated with maintenance shutdowns and process upsets where 

refrigerant gasses (propane and ethylene) are sent to the flare were not adequately described.  Since 

that time additional modelling has been completed to assess impacts from these scenarios in the EIS.  

The modelling confirms no predicted exceedance of ambient air quality objectives due to non-normal 

operation scenarios. 

Non-normal operations are referred to in the EIS as conditions that are outside the general operating 

parameters of the plant as described in Volume 5 Chapter 12 Air Quality.   

As described in the EIS:  

• These emissions occur intermittently for a short duration;   

• Emission rates during non-normal operations are also variable and do not impact air quality on 
a continuous basis.   

• The main source of emissions include: 
o the dry gas flare (maintenance or upset conditions);  
o wet gas flare (maintenance or upset conditions);  
o marine flare (maintenance or upset conditions);  
o variable emissions from normal operating equipment during start-up and shutdown.  

The EIS assessment of emissions from non-normal operations was conducted selectively to identify 

worst-case flow conditions (i.e. blow down scenarios with large volumes of feed gas methane sent to 

flare), but as stated above did not adequately describe the scenario of refrigerant gases (propane and 

ethylene) being sent to the flare during maintenance shutdowns and process upsets.  Emissions from 

the flares are described in the support facilities section.  Table 5.12.2 describes emissions from the 

flares under emergency or maintenance conditions that are considered to be non-normal operation in 

the context of the plant’s operation and were assessed in isolation to the normal operating conditions 

at the facility.   

In the summary of process units and expected emissions (Table 5.12.1), no emissions to air were 

predicted from the refrigeration system (Propane, ethylene and methane) during normal and non-

normal operations other than the release from the gas turbine drivers.  The EIS did not consider the 

release of propane and ethylene to the flare system from non-normal operations which produce visible 

smoke from the flares.   
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Since the EIS, QGC has studied the impact of flaring under maintenance and upset conditions 

(Katestone air quality assessment report) that showed no environmental health impacts from the 

release. 

B Amount of visible black smoke 

In the supporting information, QGC stated that the flares will produce visible smoke emissions for: 

• Up to 13 hours during the safe shutdown of a LNG train; 

• Up to 3 hours during the restart of an LNG train; and 

• Approximately 13 hours per annum caused by upset condition scenarios to the LNG facility. 

It is noted that QGC has not provided supporting information on the length of time for the maximum continuous release 

of visible smoke. 

The administering authority interprets the above to mean that possible worst case scenarios for emissions of visible 

smoke would be: 

- 29 hours in any given year per train; or 
- 45 hours in any given year where both trains are shut down and restarted. 

To ensure the aforementioned understanding is correct, please clarify the following: 

- The maximum number of hours of visible smoke that will occur if one train is shut down and restarted in a 
year; 

- The maximum number of hours of visible smoke that will occur if both trains are shut down and restarted in a 
year; 

- The maximum number of hours of visible smoke that will occur on a non-shutdown year; 
- The maximum number of continuous hours of visible smoke that will occur from each of the three scenarios 

detailed above; and 

What is the most likely worst case scenario(s) for emissions of visible smoke? 

Response 

- The maximum number of hours of visible smoke that may occur if one train is shut down and 
restarted in a year; 

o 29 hours of visible smoke emissions 
- The maximum number of hours of visible smoke that may occur if both trains are shut down and 

restarted in a year; 
o 45 hours of visible smoke emissions is possible within a 12-month period, but not 

expected during a single calendar year. 
- The maximum number of hours of visible smoke that may occur on a non-shutdown year; 

o 13 hours of visible smoke emissions 

A single train shutdown may result in a maximum of 16 hours of visible smoke (13 hours for shutdown, 

three for start-up). In addition, up to 13 hours of visible smoke may be released on an annual basis for 

unplanned events, for the entire facility. This number is likely to vary from year to year. QGC has 

recorded a total of <3 hours of visible smoke emissions in 2016 and a total of <2 hours of visible smoke 

emissions in 2017 to date. Therefore, in a year with one planned shutdown, there may be up to a 

maximum of 29 hours (as stated above), while in a year with no shutdowns there may be up to a 

maximum of 13 hours.  

The current planned shutdown sequence is as follows: 

Year 1 – Train 1 shutdown (up to 29 hours of visible smoke emissions) 

Year 2 – Train 2 shutdown (up to 29 hours of visible smoke emissions) 

Year 3 – No shutdown (up to 13 hours of visible smoke emissions) 



Environmental Authority Amendment Application – Information Request Response 

 
 

5 
 

 

Questions and response 

 

Etc. 

The maximum number of continuous hours of visible smoke that will occur from each of the three 
scenarios detailed above is outlined below; 
 

• The maximum continuous release of visible smoke would be at the commencement of 
shutdown depressuring activities, there would be up to 1.67 hours of  continuous release of 
visible smoke for propane depressurising activities and 1.16 hours of  continuous release of 
visible smoke for ethylene depressurising activities, potentially occurring sequentially. This will 
be shortly followed by several nitrogen purges for each refrigerant, including 1.17 hours of a 
continuous release of visible smoke per purge for propane and 0.83 hours of a continuous 
release of visible smoke per purge for ethylene, therefore the stated total of 13 hours of visible 
smoke emissions could be expected to occur within a 24-hour period.  

 
The most likely worst case scenario for emissions of visible smoke is 29 hours in a single calendar 
year, or 45 hours within any 12 month period.  

C Scheduled maintenance of LNG trains 

In the supporting information, QGC stated that major scheduled maintenance for both LNG trains (a shutdown and a 

start-up) occurs on a three year cycle. The administering authority understands that each LNG train has its own 

maintenance schedule with each train having a maintenance cycle of shutdown/startup every three years. Therefore, 

it is assumed that every 18 months, there will be major shutdown and start-up of a train. This means that in any three 

year period, there would be one year of 13 hours of visible smoke (for the upset condition scenarios only) and two 

years of 29 hours of visible smoke per year (for the shutdown/start-up and upset condition scenarios of a train). 

Please confirm that this is the correct interpretation. If not, please provide clarification on the schedule for the 

maintenance of the LNG trains. 

Response 

This interpretation is correct. Details are provided in the response to question B above.   

QGC’s schedule for the maintenance of the LNG trains is based on calendar years starting 1 January 

to 31 December.  QGC requires that the allocation of time for authorised visible smoke emissions is 

applied from 1 January to 31 December each year to align with the maintenance schedule or an 

equivalent allowance of up to 45 hours within a 12-month period.   

D Possibility of third LNG train 

QGC has not discussed the possibility of a third LNG train in this application.  

Please discuss the possibility of the third train being commissioned, and the impact this would have on the release of 

visible smoke from the LNG facility. 

Response 

There are no immediate plans for an expansion of the QCLNG facility. 

The currency period for the Coordinator General’s Evaluation Report for the EIS lapsed on 23 June 

2016.  QGC would be required to undertake a new EIS to construct a third train as QGC did not submit 

an application for a project change to the Coordinator General for consideration before the expiry of 

the Evaluation Report. 

 

E   Predicted ground-level concentrations of N02, CO, particulates and hydrocarbons for the "worst case 

scenario" (i.e. maximum amount of visible smoke to be released) 
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In the application to amend EA EPPG00711513, QGC is seeking to increase the amount of visible smoke authorised 

to be released per annum. The administering authority has detailed what it considers would be the worst case 

scenarios in point B above. However, it is unclear from both the supporting information and the Air Quality Assessment 

undertaken by Katestone Environmental whether a comparable scenario has been modelled for the proposed 

"maximum amount of visible smoke" to be released. In the Air Quality Assessment, there are eight modelled scenarios. 

Scenario 8 of the modelled scenarios was based on an actual event in 2014 where an emergency ethylene release 

occurred due to a leak in ISO containers. This ethylene release lasted for 24 hours. 

Based on the information provided to date, the administering authority is unable to determine whether the predicted 

ground-level concentrations of N02, CO, particulates and hydrocarbons, resulting from QGC's proposed maximum 

amount of visible smoke would exceed the limits detailed in Schedule 1 of the Environmental Protection (Air) Policy 

2008. Therefore, please provide the predicted ground-level concentrations of pollutants of concern for all nuisance 

sensitive or commercial places based on a worst case release of visible black smoke, as outlined in point B. These 

pollutants of concern could include, but not be limited to, the following: 

- 1 hour average for N02 (μg/m3); 

- 8 hour average for CO (μg/m3); 

- 24 hour average for PM10 (μg/m3); 
- 24 hour average for PM2.5 (μg/m3); 

- 1 hour average for methane (μg/m3); 

- 1 hour average for ethane/ethylene (μg/m3); 

- 1 hour average for acetylene (μg/m3); 

- 1 hour average for propane (μg/m3); and  

- 1 hour average for propylene (μg/m3). 

Response 

The dispersion modelling conducted by Katestone Environmental (included in the EA amendment 

application), evaluated six flaring scenarios based on 8760 hours of emission per year (365 days x 24 

hours as per standard dispersion modelling practice) as it is impossible to predict what the meteorology 

is likely to be occurring for any flaring event. Standard modelling practice calls for modelling continuous 

emission to enable identification of the worst case impacts for air quality objectives with averaging 

periods less than annual.  Because the modelling has covered every hour in the year at maximum 

depressurisation rates for ethylene and propane, the flare gases that result in visible black smoke, the 

modelling covers scenarios that are greater than that described in point B.  

To address the requirements of point E worst case impacts for each of the receptors from all of the 

modelling scenarios from the Katestone modelling are presented below to ensure “the predicted 

ground-level concentrations of pollutants of concern for all nuisance sensitive or commercial places 

based on a worst case release of visible black smoke, as outlined in point B”. Pollutants presented 

include:  

- 1 hour average for NO2 (μg/m3); 

- 8 hour average for CO (μg/m3); 

- 24 hour average for PM10 (μg/m3); 
- 24 hour average for PM2.5 (μg/m3); 

- 1 hour average for methane (μg/m3); 

- 1 hour average for ethane/ethylene (μg/m3); 

- 1 hour average for acetylene (μg/m3); 

- 1 hour average for propane (μg/m3);  

- 1 hour average for propylene (μg/m3); and 
- Polyaromatic hydrocarbons (PAH) as individual pollutants and total PAH (expressed as Benzo(a)pyrene Toxic 

Equivalents (TEQ)).  

 

All of these modelling results are presented in Table 1, Table 2, Table 3 and Table 4. These results 

show that none of the assessed pollutants will exceed the appropriate air quality objectives. 
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Table 1: Worst case NO2, CO, PM10 and PM2.5 impacts 

Worst 
impact all 
scenarios 

Flare in isolation μg/m3 Flare with plant μg/m3 
Flare with plant, plus background 
μg/m3 

1 
hour 
NO2 

8 hour 
CO 

24 
hour 
PM10 

24 
hour 
PM2.5 

1 
hour 
NO2 

8 hour 
CO 

24 
hour 
PM10 

24 
hour 
PM2.5 

1 
hour 
NO2 

8 hour 
CO 

24 
hour 
PM10 

24 
hour 
PM2.5 

R1 3.3 12 1 1 6 12 1 1 56 324 30 10.5 

R2 1.4 3.4 0.2 0.2 6 5 0.3 0.3 51 317 29.3 9.8 

R3 4 16.7 1.3 1.3 4 17 1.3 1.3 82 329 30.3 10.8 

R4 1.6 4.9 0.4 0.4 6 5 0.4 0.4 93 317 29.4 9.9 

R5 0.6 1.8 0.1 0.1 5 2.4 0.2 0.2 83 314 29.2 9.7 

R6 2 6 0.4 0.4 5 6 0.4 0.4 85 318 29.4 9.9 

R7 3.4 9.7 0.5 0.5 6 10 0.5 0.5 84 322 29.5 10 

R8 3.6 9.8 0.6 0.6 5 11 0.6 0.6 90 323 29.6 10.1 

R9 0.7 2.1 0.2 0.2 5 5 0.3 0.3 80 317 29.3 9.8 

R10 0.2 0.6 0.04 0.04 19 12 0.5 0.5 60 324 29.5 10 

R11 0.4 0.9 0.1 0.1 7 8.6 0.3 0.3 73 321 29.3 9.8 

R12 0.1 0.5 0.02 0.02 6 4.4 0.2 0.2 54 316 29.2 9.7 

R13 0.1 0.5 0.02 0.02 8 5 0.2 0.2 40 317 29.2 9.7 

R14 0.1 0.4 0.02 0.02 7 4.2 0.2 0.2 42 316 29.2 9.7 

R15 0.1 0.4 0.01 0.01 5 3.4 0.2 0.2 40 315 29.2 9.7 

R16 0.1 0.4 0.01 0.01 5 3.4 0.1 0.1 37 315 29.1 9.6 

R17 0.7 3.5 0.3 0.3 5 4 0.3 0.3 45 316 29.3 9.8 

R18 1.6 10.8 0.8 0.8 7 12 0.9 0.9 27 324 29.9 10.4 

R19 1.6 9.5 0.7 0.7 7 11 0.8 0.8 27 323 29.8 10.3 

R20 1.5 8 0.6 0.6 6 9 0.7 0.7 28 321 29.7 10.2 

R21 0.3 1 0.06 0.06 33 16 0.7 0.7 104 328 29.7 10.2 

R22 0.5 1.6 0.09 0.09 24 14 0.5 0.5 90 326 29.5 10 

Objective 250 11000 50 25 250 11000 50 25 250 11000 50 25 

 

Table 2: Worst case impacts from selected PAHs 
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μg/m3 μg/m3 μg/m3 μg/m3 μg/m3 μg/m3 μg/m3 

R1 1.40E-04 4.70E-04 1.90E-05 4.60E-05 8.30E-04 1.10E-04 1.30E-03 

R2 4.60E-05 1.60E-04 6.30E-06 1.50E-05 2.80E-04 3.80E-05 4.30E-04 
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R3 1.70E-04 5.80E-04 2.30E-05 5.70E-05 1.00E-03 1.40E-04 1.60E-03 

R4 6.60E-05 2.30E-04 9.20E-06 2.20E-05 4.00E-04 5.50E-05 6.30E-04 

R5 2.50E-05 8.80E-05 3.50E-06 8.60E-06 1.60E-04 2.10E-05 2.40E-04 

R6 7.10E-05 2.50E-04 9.90E-06 2.40E-05 4.40E-04 5.90E-05 6.70E-04 

R7 1.10E-04 3.90E-04 1.60E-05 3.80E-05 6.90E-04 9.40E-05 1.10E-03 

R8 1.20E-04 4.20E-04 1.70E-05 4.10E-05 7.40E-04 1.00E-04 1.10E-03 

R9 2.80E-05 9.80E-05 3.90E-06 9.60E-06 1.70E-04 2.40E-05 2.70E-04 

R10 5.60E-06 1.90E-05 7.80E-07 1.90E-06 3.40E-05 4.70E-06 5.30E-05 

R11 1.20E-05 4.20E-05 1.70E-06 4.20E-06 7.50E-05 1.00E-05 1.20E-04 

R12 5.40E-06 1.80E-05 7.50E-07 1.80E-06 3.30E-05 4.50E-06 5.10E-05 

R13 4.60E-06 1.60E-05 6.40E-07 1.60E-06 2.80E-05 3.90E-06 4.40E-05 

R14 2.80E-06 9.60E-06 3.90E-07 9.40E-07 1.70E-05 2.30E-06 2.60E-05 

R15 4.10E-06 1.40E-05 5.70E-07 1.40E-06 2.50E-05 3.40E-06 3.90E-05 

R16 3.80E-06 1.30E-05 5.30E-07 1.30E-06 2.30E-05 3.20E-06 3.60E-05 

R17 2.80E-05 9.60E-05 3.90E-06 9.50E-06 1.70E-04 2.30E-05 2.60E-04 

R18 6.70E-05 2.30E-04 9.30E-06 2.30E-05 4.10E-04 5.60E-05 6.30E-04 

R19 6.50E-05 2.20E-04 9.10E-06 2.20E-05 4.00E-04 5.40E-05 6.20E-04 

R20 6.00E-05 2.10E-04 8.40E-06 2.00E-05 3.70E-04 5.00E-05 5.70E-04 

R21 8.30E-06 2.80E-05 1.10E-06 2.80E-06 5.00E-05 6.90E-06 7.80E-05 

R22 1.30E-05 4.60E-05 1.80E-06 4.50E-06 8.10E-05 1.10E-05 1.20E-04 

Objective - 1 1 0.5 0.5 0.5 0.5 

 

Table 3: Worst case impacts from selected PAHs and PAH toxic equivalency 
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μg/m3 μg/m3 μg/m3 μg/m3 μg/m3 ng/m3 

R1 1.60E-03 3.60E-04 4.20E-04 8.70E-04 4.00E-04 0.0047 

R2 5.30E-04 1.20E-04 1.40E-04 2.90E-04 1.30E-04 0.0016 

R3 2.00E-03 4.40E-04 5.20E-04 1.10E-03 5.00E-04 0.0059 

R4 7.70E-04 1.70E-04 2.10E-04 4.20E-04 2.00E-04 0.0023 

R5 3.00E-04 6.60E-05 7.90E-05 1.60E-04 7.50E-05 0.0009 

R6 8.30E-04 1.90E-04 2.20E-04 4.60E-04 2.10E-04 0.0025 

R7 1.30E-03 2.90E-04 3.50E-04 7.20E-04 3.30E-04 0.0039 

R8 1.40E-03 3.20E-04 3.80E-04 7.70E-04 3.60E-04 0.0042 

R9 3.30E-04 7.40E-05 8.80E-05 1.80E-04 8.40E-05 0.0010 

R10 6.60E-05 1.50E-05 1.80E-05 3.60E-05 1.70E-05 0.0002 



Environmental Authority Amendment Application – Information Request Response 

 
 

9 
 

 

Questions and response 

 

R11 1.40E-04 3.20E-05 3.80E-05 7.90E-05 3.60E-05 0.0004 

R12 6.30E-05 1.40E-05 1.70E-05 3.40E-05 1.60E-05 0.0002 

R13 5.40E-05 1.20E-05 1.40E-05 3.00E-05 1.40E-05 0.0002 

R14 3.20E-05 7.30E-06 8.60E-06 1.80E-05 8.20E-06 0.0001 

R15 4.80E-05 1.10E-05 1.30E-05 2.60E-05 1.20E-05 0.0001 

R16 4.40E-05 9.90E-06 1.20E-05 2.40E-05 1.10E-05 0.0001 

R17 3.30E-04 7.30E-05 8.70E-05 1.80E-04 8.20E-05 0.0010 

R18 7.80E-04 1.70E-04 2.10E-04 4.30E-04 2.00E-04 0.0023 

R19 7.60E-04 1.70E-04 2.00E-04 4.20E-04 1.90E-04 0.0023 

R20 7.10E-04 1.60E-04 1.90E-04 3.90E-04 1.80E-04 0.0021 

R21 9.60E-05 2.20E-05 2.60E-05 5.30E-05 2.40E-05 0.0003 

R22 1.50E-04 3.50E-05 4.10E-05 8.50E-05 3.90E-05 0.0005 

Objective 0.5 0.5 0.5 - 0.5 0.012 

 

Table 4: Worst case impacts from methane, ethane, acetylene, propane and propylene 

Maximum 
impact 
predicted 
under any 
scenario 

1 hour 
methane 

1 hour ethane/ 
ethylene 

1 hour 
acetylene 1 hour propane 

1 hour 
propylene 

μg/m3 μg/m3 μg/m3 μg/m3 μg/m3 

R1 12.4 3.4 1.8 4.3 14.7 

R2 5.4 1.5 0.8 1.9 6.5 

R3 15.3 4.2 2.3 5.4 18.2 

R4 6 1.6 0.9 2.1 7.2 

R5 2.3 0.6 0.3 0.8 2.7 

R6 7.5 2.1 1.1 2.6 9 

R7 12.9 3.5 1.9 4.5 15.4 

R8 13.5 3.7 2 4.7 16.1 

R9 2.6 0.7 0.4 0.9 3.1 

R10 0.8 0.2 0.1 0.3 1 

R11 1.5 0.4 0.2 0.5 1.8 

R12 0.5 0.1 0.1 0.2 0.6 

R13 0.4 0.1 0.1 0.1 0.5 

R14 0.3 0.1 0 0.1 0.3 

R15 0.4 0.1 0.1 0.1 0.4 

R16 0.4 0.1 0.1 0.1 0.5 

R17 2.5 0.7 0.4 0.9 3 

R18 6.1 1.7 0.9 2.1 7.2 

R19 5.9 1.6 0.9 2.1 7.1 

R20 5.5 1.5 0.8 1.9 6.5 

R21 1.2 0.3 0.2 0.4 1.4 
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R22 1.9 0.5 0.3 0.7 2.3 

Objective - 12000 26600 18000 8750 
 

F  Predicted ground-level concentrations of N02, CO, particulates and hydrocarbons for the "worst case 

continuous release scenario" (i.e. continuous maximum amount of visible smoke to be released) 

In the application to amend EA EPPG00711513, QGC is seeking to increase the amount of visible smoke authorised 

to be released per annum. However, it is unclear from both the supporting information and the Air Quality Assessment 

undertaken by Katestone Environmental whether a comparable scenario has been modelled for the proposed 

"continuous maximum amount of visible smoke" to be released. In the Air Quality Assessment, there are eight modelled 

scenarios. Scenario 8 of the modelled scenarios was based on an actual event in 2014 where an emergency ethylene 

release occurred due to a leak in ISO containers. This ethylene release lasted for 24 hours. However, it is not clear 

whether Scenario 8 produces black smoke for a continuous 24 hours. 

Based on the information provided to date, the administering authority is unable to determine whether the predicted 

ground-level concentrations of N02, CO, particulates and hydrocarbons, resulting from QGC's proposed maximum 

continuous amount of visible smoke would exceed the limits detailed in Schedule 1 of the Environmental Protection 

(Air) Policy 2008. Therefore, please provide the predicted ground-level concentrations of pollutants of concern for all 

nuisance sensitive or commercial places based on a worst case continuous release of visible black smoke, as outlined 

in point B. These pollutants of concern could include, but not be limited to, the following: 

- 1 hour average for N02 (μg/m3); 

- 8 hour average for CO (μg/m3); 

- 24 hour average for PM10 (μg/m3); 

- 24 hour average for PM2.5 (μg/m3); 

- 1 hour average for methane (μg/m3); 

- 1 hour average for ethane/ethylene (μg/m3); 

- 1 hour average for acetylene (μg/m3); 

- 1 hour average for propane (μg/m3); and 

- 1 hour average for propylene (μg/m3). 

Response 

As per the response for Point E above the Katestone modelling covers scenarios that are greater than 

“the worst case continuous release scenario”.  The modelling results are presented in Table 1, Table 

2, Table 3 and Table 4. These results show that none of the assessed pollutants will exceed the 

appropriate air quality objectives 

G  Pollutants produced from the flares 

Section 3.1 of the Air Quality Assessment states that the key pollutants from the flares from the dry and wet gas flares 

at the LNG facility are: 

- Oxides of nitrogen (NOx) 
- Carbon Monoxide (CO) 
- Total hydrocarbons 

o Methane 

o Ethane/ethylene 

o Acetylene 

o Propane 

o Propylene 
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- Particulates in the form of PM2.5 and PM10 (flare gases containing propane and ethylene) 
- Polycyclic Aromatic Hydrocarbons (PAHs) (flare gases containing propane and ethylene) 

Furthermore, Section 3.1 of the Air Quality Assessment states that the fuel gas does not contain any sulfur compounds 

and therefore, sulfur compounds are unlikely to be emitted from the flares. 

To allow the administering authority to be certain of the pollutants released from the flares, please confirm that the 

pollutants listed above are the only pollutants of concern that will be released from the flares. If not, please provide 

information on the additional pollutants and relevant modelling for the worst case scenarios (as outlined in Points B, E 

and F above). 

Response 

The Environmental Evaluation response covers all the pollutants of concern that may be released from 

the flares during flaring of refrigerants that result in visible smoke emissions. 

H   Impacts from the environmental nuisance 

In the supporting information, QGC has stated that the visible smoke produced during the flaring events will cause no 

environmental or health concerns, and it will result in visual nuisance only. QGC has also stated that the prescribed 

environmental values that are likely to be impacted by the proposed amendment are the qualities of the air 

environmental values that are conducive to protection of the aesthetics of the air environment (Section 7 of the 

Environmental Protection (Air) Policy 2008 (EPP Air)). QGC has stated that visibility will be impacted by the increase 

in visible smoke. However, the administering authority considers that QGC has not adequately discussed the impacts 

to visibility or other impacts to aesthetics of the air environment from the proposed increase in visible smoke. 

Please provide: 

• A discussion of all potential impacts to the aesthetics of the air environment, demonstrating that the air quality 

objectives of the EPP Air will be met. This should include, but not be limited to, impacts such as the odour of 

the smoke or the potential impacts to the appearance of buildings, structures and other property (e.g. soot 

formation); 

• A discussion of the worst case scenario as outlined in Point B, E and F and the associated impacts; 

• A discussion of the risk and magnitude of each of the impacts and how these were determined; and 

• A discussion of the contingency measures used to minimise the impacts. 

Response 

The visual amenity impact from smoke is the only expected impact to aesthetics from QCLNG flaring. 

Other potential impacts such as odour or soot formation have been considered and are not considered 

credible impacts from flaring at the LNG plant.  The evidence for this is summarised below: 

• Flaring is an odour control technology that will destruct >98% of all odorous compounds. 
Flaring of ethylene and propane under Points B, E and F has no odorous component, but even 
if they did exist the odour would be controlled by a Best Available Technology option 
(combustion).  

• Dust deposition (soot formation) as an aesthetic impact issue is regulated by dust deposition 
guidelines that are an annual average, expressed as a monthly average. Given the very small 
number of potential dust deposition events (visible emission flaring events), maximum 45 hours 
in 8760 hours per year (not continuous), it is not considered to be credible that the carbon 
agglomerates formed during visible emission flaring would settle enough to form soiling on 
building exteriors.  

• The significant flare stack height (100m), the high combustion temperature (>1000oC) in the 
flare, and the distance of the plant from receptors (>2.5 km) all result in significant reduction of 
any potential impacts. 
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I   Best practice design of flares 

In accordance with the EA (in place at the time of construction of the LNG facility), QGC was required to meet best 

practice design standards for flares as outlined in the following documents:  

• New South Wales (NSW) Environmental Protection Agency's (EPA's) Protection of the Environmental 
Operations (Clean Air) Amendment (Industrial and Commercial Activities) Regulation 2005; and 

• United States Environmental Protection Agency's (US EPA's) Code of Federal Regulations Title 40 - 
Protection of Environment, Chapter I - Environmental Protection Agency, Subchapter C – Air Programs: 

o Part 60 - Standards of performance for new stationary sources, Subpart A – General Provisions, 
Section 60.18 - General control device and work practice requirements; and 

o Part 63 - National emission standards for hazardous air pollutants for source categories Subpart A - 
General Provisions, Section 63.11 - Control device and work practice requirement). 

However, these standards were not discussed in QGC's supporting information. 

Please confirm whether the flares were designed to meet the requirements of the regulations outlined above for all 

operating conditions. If not, please provide justification as to why the flares were not designed to meet these best 

practice standards. 

Response 

 

The Environmental Authority (PEN100725510) issued in 2010 specified “a flare tip design to provide 

good mixing with air, flame stability and achieve a minimum volatile organic compound removal 

efficiency of 98% under varied gas flow rate and meteorological conditions and meet best practice 

design standards (e.g NSW EPA: Protection of the Environmental Operation (Clean Air) Amendment 

(Industrial and Commercial Activities) Regulation 2005, or the USEPA Code of Federal Regulations: 

40 CFR 60.18 and 40 CFR 63.11).” This condition relates to ensuring the destruction of VOCs (while 

condition B14 related to visible smoke emission) and the QCLNG flare tip was designed to the 

considered best practice API 521 to accommodate this condition. 

 

The EA then specified in Condition B14 that “visible smoke and particulate emissions must not be 

permitted for more than five minutes in any two-hour period during the normal operating conditions, 

other than during LNG start up.” During normal operating conditions (i.e. not during maintenance, plant 

upset or emergency conditions), the flare is smokeless, and therefore the QCLNG flare was designed 

to this condition. 

Technical memorandum 

Table 1: Visible smoke emissions scenarios of the supporting information outlines all the operational scenarios that 

will produce visible smoke. In Section 5.2 of the Flaring Management Plan, QGC states that the following documents 

are relevant to flaring management: 

• Event Notification Procedure (Document number: LNGOP-QLOO-PRD-PCE-000033) 

• Flaring Event Notification Work Instruction (Document number: LNGOP-QLOO-HSS-WIN-000039) 

• QCLNG Midstream Flaring Duration Technical Memorandum (Document number: LNGOP-TOOPRD-TEN-
000002) 

• Midstream Stakeholder Engagement Plan (Document number: TBA) 

• Shell - Flaring and Venting Procedure (Document number: TBA) 

• Shell - Greenhouse Gas and Energy Management Procedure (Document number: TBA) 
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It is considered that these documents will allow the administering authority to thoroughly understand the proposed 

community engagement in relation to the flares and the technical justification behind the proposed amendment and 

the relevant management practices. However, these documents were not included in the supporting information. 

Please provide a copy of each of these documents to the administering authority. 

Response 

QGC has provided the controlled documents that will give the administering authority a thorough 

understanding of the technical justification for the proposed amendments: 

• Event Notification Procedure (Document number: LNGOP-QLOO-PRD-PCE-000033) 

• Flaring Event Notification Work Instruction (Document number: LNGOP-QLOO-HSS-WIN-000039) 

• QCLNG Midstream Flaring Duration Technical Memorandum (Document number: LNGOP-TOOPRD-TEN-
000002) 

• Midstream Stakeholder Engagement Plan (Document number: TBA) Relevant extract provided 

• Shell - Flaring and Venting Procedure (Document number: TBA) Relevant extract provided 

The GHG and EMP is not relevant to visible smoke emissions as it is only focussed on GHG emissions. 

The stakeholder engagement plan is much broader than just visible smoke.  The relevant aspects 

have been provided. 

K Avoiding or minimising smoke emissions from flaring 

In the supporting information, QGC stated that lessons learnt from commissioning and start-up of Train 1 were 

successfully implemented and resulted in a significant reduction in gas flared during the commissioning of Train 2. In 

Table 2: Management Measures of its Flare Management Plan, QGC has provided an outline of the general 

management measures that will be adopted during operation to meet the relevant performance objectives and criteria 

for air quality, as outlined in the Flare Management Plan. However, neither the supporting information nor the Flare 

Management Plan provide a detailed discussion of the measures that will be taken to avoid or minimise visible smoke 

emissions during the actual flaring events. 

Please provide a discussion of the operational and technical options that are available and will be implemented at the 

LNG facility to avoid or minimise visible smoke emissions from the flares. This should include a more detailed 

discussion than is currently contained in the Flare Management Plan. 

Response 

The key measures to minimise smoke emissions include: 

- Pump-out of liquid refrigerants to storage on commencement of planned shutdown activities to 
significantly reduce the volume of refrigerant that needs to be flared (i.e. only residual vapour 
is flared). 

- Depressuring of compressor casing volumes to the adjacent compressor to enable restart 
(flaring only required where both compressors for a single refrigerant go offline). 

- Continuous monitoring via CCTV to enable identification and rectification of minor failures. 
- Ongoing pro-active maintenance of key safety devices (PSVs / blowdown valves) discharging 

to flare to reduce the likelihood of refrigerant being sent to the flare. 

L Feasibility of retrofitting an assistance medium to the flares 

In the supporting information, QGC has evaluated possible technical options to minimise or eliminate the incidence of 

visible smoke emissions. The feasibility analysis included a number of options such as retrofitting an assistance 

medium, replacement of existing tips and installing a new flare. The analysis was reviewed through internal Assess 

Stage Value Assurance Processes and endorsed through consultation with the following individuals/groups: 

• Shell Flaring Technical Experts (located in Rijswijk, Netherlands and Bangalore, India); 

• QGC local technical safety, process engineering and mechanical engineering technical authorities; 

• Multiple flare vendors in Australia and the UK; and 

• Engineering contractor technical personnel. 
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However, QGC has not stated whether the flare vendor who supplied the QGC flare was included in these 

consultations. The administering authority considers it important that the vendor be included in these discussions, as 

they would have the highest degree of knowledge about whether the flare could be retrofitted with an assistance 

medium. 

Please provide the following information: 

• What was the name of the flare vendor who designed the flare in use at the LNG facility? 

• Was the flare vendor involved in the feasibility study? If yes, did they confirm that the flares cannot be 
retrofitted. If no, please provide justification as to why the flare vendor was not included in discussion about 
retrofitting the flares. 

Repsonse 

The QCLNG flare system was designed by John-Zink Hamworthy. This vendor has been consulted 

multiple times throughout the feasibility analysis activities, and has provided quotations and technical 

guidance for a range of potential technologies, which have been taken into account in the evaluation. 

M   Monitoring of visible smoke emissions from flaring 

In Proposed amendment 2 - definition of Continuous Emissions Monitoring System of the supporting information, QGC 

has stated that it digitally records all flaring events using closed circuit television (CCTV).  

In Table 1: Visible Smoke Emissions Scenarios of the supporting information, QGC has presented all the scenarios 

that will result in visible smoke emissions and the associated timeframes. However, QGC has not provided any 

additional information on how the visible smoke emissions will be monitored to determine that the timeframes will be 

met.  

Please provide the following information: 

• A discussion on alternate ways that QGC will monitor the visible smoke emissions (e.g. software, a person 
watching, etc.) to ensure that the associated timeframes are not exceeded; 

A discussion of industry best practice techniques for monitoring visible smoke from flares. The administering authority 

understands that an Infrared Opacity Sensor/Camera has improved reliability over traditional methods, such as CCTV, 

as it can provide continuous monitoring of the flare emissions by measuring the flame opacity. 

Response 

QGC will monitor, record and report visible smoke emission using our comprehensive procedures and 

Continuous Emissions Monitoring System (CEMS). This system enables QGC to monitor the volume 

of ethylene and propane that are being sent to the flare. QGC’s experience is that the only emission 

scenarios that generate visible smoke greater than Ringelmann 2 are during emission of these 

refrigerants. Therefore, monitoring of the volume of these refrigerants sent to the flare using the CEMS, 

supported by the review of CCTV footage and additional reviews post event, provides a 

comprehensive approach for documenting visible smoke emissions.  

United States Environmental Protection Agency's (US EPA's) Code of Federal Regulations Title 40 - 

Protection of Environment, Chapter I - Environmental Protection Agency, Subchapter C – Air 

Programs: 40 CFR 63.670 specifies two approaches to ongoing visible emissions monitoring being 

Method 22 at least once per day (h(1))or video surveillance camera (h(2)). Thus, the use of CCTV 

cameras by QGC meet the criteria under 40 CFR 63.670 h (2). QGC are not aware of any monitoring 

standards for flame opacity capable of being used with an elevated pipe flare. 

N   Qualifications of person monitoring visible smoke 

Under the current EA conditions, the visible smoke must not exceed Ringelmann 2. QGC has not proposed amending 

the Ringelmann number of the smoke. However, QGC has not outlined who will be responsible for determining that 

the visible smoke does not exceed Ringelmann 2. 
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To satisfy the administering authority that QGC will continue to have the ability to monitor the proposed increase in 

visible smoke, please provide the qualifications of the person who will determine the smoke is above Ringelmann 2. 

This should include the position title, any appropriate training as well as evidence of a recognised accreditation. 

Response 

The site Environmental Advisor is responsible for monitoring and recording flaring events.  The 

Environmental Advisor must be degree qualified in an environment discipline (eg. Environmental 

Engineer or Environmental Science), and have significant relevant work experience.   

O  Additional monitoring of increased black smoke 

The administering authority considers that the proposed amendment will be an increase in environmental nuisance. 

However, despite proposing an increase in the amount of visible smoke authorised to be released, QGC has not 

proposed any additional monitoring to be undertaken if the proposed amendment is approved.  

Please provide details of any proposed additional monitoring (e.g. monitoring locations, monitoring frequency, list of 

monitoring parameters) for the increase in visible smoke. 

Response 

QGC’s CEMS and CCTV monitoring provide a comprehensive approach to the monitoring of visible 

smoke emissions.  In addition, Gladstone has one of the most extensive air quality monitoring networks 

in Australia, as is appropriate for a very industrialised region. Ongoing observations of the air quality 

parameter concentrations in the Department of Environment and Heritage Protection operated 

monitoring network for impacts associated with QCLNG operations have not shown any substantial 

differences at any of the monitoring stations between air quality outcomes pre- and post- startup of the 

LNG facility.  Dispersion modelling of the impacts of the LNG facility have shown that the impacts of 

the operation are expected to be very low and the air quality outcomes recorded by the monitoring 

network.  

P Copy of industry standard ISA-75.01.01-2007 

In Proposed amendment 2 - definition of Continuous Emissions Monitoring System of the supporting information, QGC 

has stated that the virtual Continuous Emissions Monitoring System (CEMS) was based on industry standard, ISA-

75.01.01-2007 - Flow Equations for Sizing Control Values. However, this standard has not been provided with the 

formal application. 

Please provide a copy of this industry standard to the administering authority. 

Response 

Document attached 

Q Supervisory control system 

In the supporting information, QGC stated that the mass of gas discharged from the flare system during, or after a 

flaring event, can be calculated using data from the existing supervisory control system. However, no more information 

was provided about the supervisory control system. The administering authority considers that a number of parameters 

used to inform the virtual CEMS would be collected by the supervisory control system prior to the gas reaching the 

main headers to be flared. 

Please provide details on the equipment that forms the supervisory control system, and details on what parameters 

the equipment measures. 

Response 
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The supervisory control system is the QCLNG facility’s control system.  There are several thousand 

individual field instruments and control systems that form the overall control and safety system on the 

QCLNG facility.  

The key equipment relevant to the CEMS system are pressure transmitters (piezoresistive), 

temperature transmitters (thermocouple), valve position indicators and flow meters (ultrasonic / pitot 

tube), of various types and configurations. 

R Flow diagram 

In the Flare Management Plan, QGC has provided Figure 1: QCLNG Facility Flare Locations. However, the 

administering authority cannot view Figure 1 as it displayed as an 'Adobe Acrobat' symbol. 

Please provide a copy of the flow diagram, which illustrates the flare locations at the LNG facility. 

Response 

Copy of the Flaring Management Plan with the flow diagram included is attached 

S Accuracy and maintenance of flow rate meters 

To support the proposed virtual CEMS, the administering authority considers that the accuracy of the flow rate meters 

should be discussed in the application. Based on best practice standards, flow rate meter accuracy should be within+/- 

5% as per the US EPA's Code of Federal Regulations (Title 40 – Protection of Environment, Chapter I - Environmental 

Protection Agency, Subchapter C - Air Programs, Part 98 - Mandatory Greenhouse Gas Reporting, Subpart A - 

General Provisions, Section 98.3 -What are the general monitoring, reporting, recordkeeping and verification 

requirements of this part?). 

Furthermore, the administering authority considers that the maintenance schedule for the flow rate meters and 

equipment that will be used to measure the flow rates, and in turn calculate the mass of gas discharged, has not been 

adequately detailed. This information is required to ensure that accurate determination of the flow rate by the 

supervisory control system is maintained. 

Therefore, please provide detail on the following:  

• The accuracy of the flow rate meters to be used to calculate the mass of gas discharged; and 

• The maintenance schedule for the flow rate meters and equipment that will be used to measure the flow rates. 

Response 

The flare meters are categorized as ‘allocation’ type meters and are designed to operate within a 

measurement uncertainty of ±5%.  

All three flare flow meters (Marine, Wet and Dry) are of the ultrasonic type consisting of: 

- Single path ultrasonic transducers used to determine velocity of gas. 
- Pressure and temperature transmitters for volume correction to standard conditions. 

The dry gas flare can experience flowrates that exceed the capabilities of the ultrasonic flow meter 

and as such, an additional annubar type meter has been installed to cover this. 

The instruments on all three flares are validated every three months in line with regulatory 

requirements (P&G Act/Reg). A validation typically consists of a pressure transmitter calibration, 

temperature transmitter calibration (ADC only) and a verification of the ultrasonic diagnostic 

parameters. 

T Combustion efficiency 

In the supporting information, QGC stated that visible smoke is produced when refrigerant (e.g. ethylene and propane) 

are released to the flare system for safe disposal. However, smoke can also be produced by incineration of methane 
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gas, at a higher flow rate than the designed flow rate for the flares, and the mixture of gases including refrigerant, 

methane and nitrogen. 

Poor combustion efficiency primarily occurs because of insufficient air being available in the combustion zone and 

poor combustion efficiency leads to soot formation. The flame produced by an unassisted flare is a function of the gas 

composition and the gas exit velocity. Residence time of the waste gases in the combustion zone required for complete 

combustion is also important. Therefore, at a very high exit velocity, residence time of the gases in the combustion 

zone may be very short and not sufficient for complete combustion. 

Please provide the following information: 

• What is the maximum design flow rate for the flares for complete combustion? 

• What is the maximum allowable design flow rate for the flares under emergency situations? 

Response 

Vendor has quoted smokeless performance for all wet flare datasheet cases except propane 

depressuring (693 t/h of 98% propane). The maximum design rate of the wet flare is 884 t/h (feed gas 

depressuring, 98% methane). 

Vendor has quoted smokeless performance for only the normal operating dry flare datasheet case 

(471 kg/h of 89% methane). The maximum design rate of the dry flare is 959 t/h (co-incident ethylene 

compressor blocked discharge). 

QGC has not experienced issues with smoke associated with purely methane flaring. 

U Verification of the virtual CEMS 

In the Generation of an Online Flare Composition Calculator for Environmental Reporting Technical Note, QGC has 

stated that the calculation methodology, assumptions and source data have been verified by Midstream Processing 

Engineering and that it will be endorsed by the designated Company authority. However, QGC has not stated whether 

the virtual CEMS will be verified by a third party. 

Please confirm whether or not QGC will have the virtual CEMS verified by a third party. If QGC is not planning on 

having the virtual CEMS verified, please provide justification as to why this is not occurring. 

Response 

QGC advises that the CEMS will be verified by a Process Engineer certified as a RPEQ (Registered 

Professional Engineer of Queensland) and therefore third party verification is not required. 

V Presentation and demonstration of the virtual CEMS 

To date, the administering authority has not been provided with any information to form a working understanding of 

the proposed virtual CEMS. Therefore, to allow the administering authority to thoroughly understand the proposed 

virtual CEMS, please present a demonstration of the proposed virtual CEMS to the administering authority during the 

information response period. 

Response 

QGC will provide a presentation to demonstrate the implementation of the virtual CEMS to the 

administering authority prior to the end of the information stage.  
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Attachment 2: Requested Documents 
 
Item J documents 
• Event Notification Procedure (Document number: LNGOP-QLOO-PRD-PCE-000033) 

• Flaring Event Notification Work Instruction (Document number: LNGOP-QLOO-HSS-WIN-000039) 

• QCLNG Midstream Flaring Duration Technical Memorandum (Document number: LNGOP-TOOPRD-TEN-
000002) 

• Midstream Stakeholder Engagement Plan (Document number: TBA) Relevant extract attached. 

• Shell - Flaring and Venting Procedure (Document number: TBA) Relevant extract attached 

 
Item P - Industrial Standard ISA_750101 
 
Item R – QGC Midstream Flaring Management Plan 
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• Event Notification Procedure (Document number: LNGOP-
QLOO-PRD-PCE-000033) 

  



 

 
Document Title: QCLNG Event Notification Procedure Issue date: June 2015 

 

Document Number: LNGOP-QL00-PRD-PCE-000033 Review due: June 2016 

 

QGC MIDSTREAM OPERATIONS | PRODUCTION 

QCLNG EVENT NOTIFICATION PROCEDURE 

Scope and application 
This procedure details the steps needed for communication of certain events associated with the operation of 
the QCLNG facility and who the notification of these events needs to be made to.  
 

Contents 
1.0 Introduction ..................................................................................................................................... 4 

1.1 Purpose ........................................................................................................................................... 4 

1.2 Definition of Events ......................................................................................................................... 4 

2.0 Reportable event ............................................................................................................................. 4 

3.0 Notifiable Event ............................................................................................................................... 6 

4.0 Unplanned Flaring Event ................................................................................................................. 7 

5.0 Loss Production Event ..................................................................................................................... 7 

6.0 Marine Event ................................................................................................................................... 8 

7.0 Environmental Event ....................................................................................................................... 8 

8.0 Incident Report ................................................................................................................................ 8 
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1.0 Introduction 

1.1 Purpose 

The purpose of this document is to identify events that are required to be escalated by the shift 
superintendent on duty. This procedure will define the events, how they are escalated and who are they 
escalated to. It is intended to assist in the understanding of what events need to be notified internally so 
the key internal stakeholders can determine if external notification is required.   

1.2 Definition of Events 

There are a number of events that have been identified as requiring timely notification by the shift 
superintendent. These events are identified as follows: 

 Reportable event 

 Notifiable event 

 Unplanned flaring event 

 Loss Production event 

 Marine event 

 Environmental Loss 

 Incident report 

 
For email notifications, the heading of the email shall read “Event Notification – type of event”. In 
the case of multiple events, all defined events need to be in the email heading i.e. Event Notification 
– Unplanned Flaring and Loss Production. All notifications need to be sent to the email distribution 
for Event Notification 

If there is any uncertainty on the definition on whether or not an event requires notification, please 
notify anyway. 

 

2.0  Reportable event 
A reportable event is defined as any uncontrolled incident involving a hazardous chemical or hazardous 
substance requiring activation of the site Emergency Response Plan (including evacuation of the local 
work area) and should be immediately notified to Queensland Fire and Emergency Services (QFES) by 
phoning 000.    
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Following the phone call to QFES and relevant Duty Manager/s, an email notification will be sent out with 
the following detail: 

1) Brief Description of the incident 

2) Time of the incident 

3) Any injury or illnesses (highlighted if contractors are involved as further notification will be required 
to their employer) No names are to be mentioned in email. 

4) Current Status of the incident 

 

The email will need to be sent to Event Notification distribution email address.  

If the train has yet to reach TCCC, please include: Marsden, Paul D pdmarsde@bechtel.com ; Douglas 
Rogers, Maurissa mdouglas@bechtel.com ; Johnson, Wayne R wrjohnso@bechtel.com ; Frahm, Shayne 
sfrahm@bechtel.com ; Runham, Adam ajrunham@bechtel.com ; Tooze, Paul ptooze@bechtel.com  
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3.0  Notifiable Event  

 

A notifiable event is defined under Work Place Health Safety Act 2011 under Part 3 of the act as per the 
below table. 

 

 
 

An incident that is defined as a notifiable event will need to be highlighted to the on call duty 
manager who will then ensure that appropriate communication is made to regulatory authorities. An 
email notification will need to be sent with the following information: 

1) Brief Description of the incident 

2) Time of the incident 

3) Any injury or illnesses (highlighted if contractors are involved as further notification will be 
required to their employer) No names are to be mentioned in email 

4) Current Status of the incident 
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The email will need to be sent to Event Notification distribution email address.  

If the train has yet to reach TCCC, please include: Marsden, Paul D pdmarsde@bechtel.com ; Douglas 
Rogers, Maurissa mdouglas@bechtel.com ; Johnson, Wayne R wrjohnso@bechtel.com ; Frahm, Shayne 
sfrahm@bechtel.com ; Runham, Adam ajrunham@bechtel.com ; Tooze, Paul ptooze@bechtel.com 

 

4.0 Unplanned Flaring Event 

An unplanned flaring event is defined as a flaring event where flaring is required due to upset 
conditions. On email notification of a flaring event, please include the following: 

 Time of start 

 Specific cause of flaring – marine or process 

 Visibility of smoke yes/no, low/medium/high flame 

 Actions taken to minimise flaring event 

 Time unplanned flaring finished 

 

Any planned flaring events will be notified through the Daily Operations Meeting and the relevant 
stakeholders will be notified. 

The email will need to be sent to Event Notification distribution email address.  

If the train has yet to reach TCCC, please include: Marsden, Paul D pdmarsde@bechtel.com ; Douglas 
Rogers, Maurissa mdouglas@bechtel.com ; Johnson, Wayne R wrjohnso@bechtel.com ; Frahm, Shayne 
sfrahm@bechtel.com ; Runham, Adam ajrunham@bechtel.com ; Tooze, Paul ptooze@bechtel.com 

 

5.0 Loss Production Event 

Any production loss that is defined in the Production Loss Management Procedure will require initial 
email notification followed by the generation of a Loss Management Report.  

The email will need to be sent to Event Notification distribution email address.  

If the train has yet to reach TCCC, please include: Marsden, Paul D pdmarsde@bechtel.com ; Douglas 
Rogers, Maurissa mdouglas@bechtel.com ; Johnson, Wayne R wrjohnso@bechtel.com ; Frahm, Shayne 
sfrahm@bechtel.com ; Runham, Adam ajrunham@bechtel.com ; Tooze, Paul ptooze@bechtel.com 
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6.0 Marine Event 

Any event that: 

 Delays to the start of a ship load 

 Delays mooring operation/arrival time 

 An SDL or SSDL occurs 

 Delays to ship departure 

 Any event that has an incident report associated with marine operations 

 

The email will need to be sent to Event Notification distribution email address.  

7.0 Environmental Event 

An environmental incident is defined as “…any event where environmental harm has been caused or may 
be threatened, not in accordance with the conditions of the QCLNG Environmental Authority…”  Typical 
examples of these types of events would be:  

 All spills (regardless of volume – however please note that any spill to water or spills of 
contaminants to land are notifiable to the regulators). 

 Discharge of Reverse Osmosis Concentrate from Unit 36 to the harbour from the LNG Jetty 
outfall in excess of 0.302 ML. 

 Exceedances in the following water quality parameters (pH – 6.0-8.5 (50th percentile 
calculated daily) and Total Residual Chlorine – 0.5-1.0 mg/L (95th percentile calculated 
daily)) in reject water from Units 29 and 36 discharged off the LNG Jetty outfall. 

 Any discolouration of marine waters in the vicinity of licensed discharge locations (diversion 
drains, sediment basins, water treatment plant outfalls). 

 Any improper storage, handling and transfer of waste. 

 Any unauthorised clearing of vegetation. 

 Any fauna deaths or injuries. 

 

The email will need to be sent to Event Notification distribution email address.  

If the train has yet to reach TCCC, please include: Marsden, Paul D pdmarsde@bechtel.com ; Douglas 
Rogers, Maurissa mdouglas@bechtel.com ; Johnson, Wayne R wrjohnso@bechtel.com ; Frahm, Shayne 
sfrahm@bechtel.com ; Runham, Adam ajrunham@bechtel.com ; Tooze, Paul ptooze@bechtel.com 

8.0 Incident Report 

Any incident report that has been raised needs email notification to the Event Notification email 
distribution. The email notification will need to give a brief description of the event and any necessary 
actions that have needed to take place to make the area safe. The notification required is as per the 
below flow chart. 
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The email will need to be sent to Event Notification distribution email address.  
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CHANGE MANAGEMENT –  QCLNG Event Notification Procedure 

Changes 
Necessary:  

YES If yes, please complete an Information Change Request (ICR) Form and attach the original. 
Keep a photocopy with permit.  
NO Keep original hardcopy with permit.  

Technician: 
Supervisor:  

Name:_____________________Sign:________________________Date:____________ 
Name:_____________________Sign:________________________Date:____________ 

COMPETENCY ASSESSMENT –  QCLNG Event Notification Procedure 

If Operating Procedure was done as part of competency assessment, the complete as follows:  

Trainee: 
Name:________________________Position:_________________Sign:_________________Date:_____ 
Assessor: 
Name:________________________Position:_________________Sign:_________________Date:_____ 
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1.0  INTRODUCTION 

 

1.1  Purpose 

This procedure outlines how to collate flaring event information as outlined in the Environmental Authority 

EPPG00711513 issued by the Department of Environment and Heritage Protection.  This procedure is 

instigated after a flaring event is notified via the Event notification procedure.  

 

1.2  Associated Documents 

Document Number Document Name 

LNGOP-QL00-PRD-PCE-000033 Event notification Procedure 

EPPG00711513 Environmental Authority  

LNGOP-QL00-ENV-PLN-000015 Flaring Management Plan 

 

1.3  Notifiable Flaring Event Definition 

 

As outlined in the Environmental Authority: 
 

A "flaring event" means an event where flammable gas is combusted through a flare and produces visible 

smoke continuously for more than 5 minutes. Where: 

 "visible smoke" means a visible suspension of carbon or other particles in air measured by a 

Ringelmann Number greater than 2 

 "Ringelmann number" means a visually comparative scale used to define levels of opacity, as 

outlined in Appendix A.  
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2.0  ACTIVITIES 

2.1  Communicate Flaring Event 

Step Action Key Point Link Comments / Readings Responsibility  

1.  

PSM Sends Event notification 

template  

Information sent by end of shift 

to GX-QGC-GSN-EVENT-

NOTIFICATION@shell.com 

Template - Event Notification As per event notification 

procedure 

Production Shift 

Manager 

2.  

Review flaring event 

notification for refrigerant 

release and Ringlemann >2 

Must be completed by end of 

shift 

Appendix A Recording information 

(section 2.2) must be 

recorded for all refrigerant 

release events 

Environmental 

Advisor 

2.2  Recording information 

Step Action Key Point Link Comments / Readings Responsibility  

3.  
Download Flaring video from 

Control Room  

Identify time and duration 

flaring exceeds Ringlemann 2 

PSIM$\Midstream Video 

Exports\Flaring Incidents 

In accordance with Appendix 

B 

Environmental 

Advisor 

4.  

Determine Flare Event 

Composition Details 

Note this must be opened in 

excel via citrix with PI 

capabilities 

Flare Event Composition 

Details 

 Environmental 

Advisor 

5.  
Record details in flaring event 

register 

 Flaring Event Register  Environmental 

Advisor 

6.  

Complete DEHP notification 

template 

Send completed form to QGC 

Environment Compliance  

Samuel.Heritage@shell.com  

 In accordance with Appendix 

C.  Note only Env Compliance 

correspond to DEHP 

Environmental 

Advisor 

mailto:GX-QGC-GSN-EVENT-NOTIFICATION@shell.com
mailto:GX-QGC-GSN-EVENT-NOTIFICATION@shell.com
http://qgcopsc/lngportal/hsse/Environmental%20Workspace/Procedures/Flaring/Template%20%20-%20Event%20Notification.msg
file://///bbnspnaf06.ad.bgep.co.uk/PSIM$/Midstream%20Video%20Exports/Flaring%20Incidents
file://///bbnspnaf06.ad.bgep.co.uk/PSIM$/Midstream%20Video%20Exports/Flaring%20Incidents
http://qgcopsc/lngportal/hsse/Environmental%20Workspace/Procedures/Flaring/Flare%20Event%20Composition%20Details%20-%20240717.xlsm
http://qgcopsc/lngportal/hsse/Environmental%20Workspace/Procedures/Flaring/Flare%20Event%20Composition%20Details%20-%20240717.xlsm
http://qgcopsc/lngportal/hsse/_layouts/xlviewer.aspx?id=/lngportal/hsse/Environmental%20Workspace/Environmental%20Monitoring/Air%20Quality%20Monitoring/Flaring%20Events/Flaring%20Register.xlsx&Source=http%3A%2F%2Fqgcopsc%2Flngportal%2Fhsse%2FEnvironmental%2520Workspace%2FForms%2FAllItems%2Easpx%3FRootFolder%3D%252Flngportal%252Fhsse%252FEnvironmental%2520Workspace%252FEnvironmental%2520Monitoring%252FAir%2520Quality%2520Monitoring%252FFlaring%2520Events%26FolderCTID%3D0x012000DDAE9272F6DB7344B1E5C745695C6408&DefaultItemOpen=1&DefaultItemOpen=1
mailto:Samuel.Heritage@shell.com
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Appendix A – Ringlemann Smoke Chart 

 

 
  



THE SOLID FUEL TECHNOLOGY INSTITUTE
www.soliftec.com

 SOLIFTEC INFORMATION PAGE

The Ringelmann
Smoke Chart

CONTENTS
Page 1 Explanation
Page 2 Miniature Smoke Charts
Page 3 Recording Table
Page 4 The Ringelmann Smoke Chart

Dark smoke is partially burned particles of fuel, the result of incomplete combustion. It can be dangerous because small particles are 
absorbed into the lungs. White smoke is mainly tiny water droplets, generated when vapour released during combustion condenses 

in cool air. Generally, dark smoke is clearly visible against a light sky but difficult to 
see at night or against a dark background, white smoke is visible in darkness when  
illuminated but will be more difficult to see against a light sky background.
Smoke is commonly measured in terms of its apparent density in relation to a scale of  
known  greyness.  The  most  widely-used  scale  is  that  developed  by  Professor 
Maximilian Ringelmann of La Station d'Essais de Machines in Paris in 1888. It has a 5 
levels of density inferred from a grid of black lines on a white surface which, if viewed 
from a distance, merge into known shades of grey.
There is no definitive chart, rather, Prof. Ringelmann provides a specification; where 
smoke level '0' is represented by white, levels '1' to '4' by 10mm square grids drawn 
with 1mm, 2.3mm, 3.7mm and 5.5 mm wide lines and level '5' by all black. A popular 
version is that published by the U.S. Bureau of Mines in circular 8333 of 1967. The 
British Standard version (BS2742:1969)  alters  Ringelmann's  specification to give a 
chart similar, on modern paper with modern ink, to the probable appearance of charts 
produced on earlier, possibly darker, paper, with paler ink.
It should be remembered that the data obtained has definite limitations. The apparent 

darkness of a smoke depends upon the concentration of the particulate matter in the effluent, the size of the particulate, the depth of  
the smoke column being viewed, and natural lighting conditions such as the direction of the sun relative to the observer while the  
accuracy of the chart itself depends on the whiteness of the paper and blackness of the ink used.
USING THE CHARTS
The large chart on page 4 should be printed with black ink onto very white card and mounted vertically  
on a board. It is preferably fixed to a pole or held by an assistant at a sufficient distance (typically c20m) 
for the lines to appear to merge into uniform grey rectangles and to be seen in line with the top of the 
chimney. The addition of a white (No. 0) square can provide a useful indication that both the chart and 
chimney are equally illuminated. If a larger chart is needed, the shaded rectangles can be made up into  
larger ones as mosaics.
The observer glances from the smoke, as it issues from the stack, to the chart and notes the number 
most nearly corresponding with the shade of the smoke. A clear stack is recorded as No. 0, and 100  
percent black smoke as No. 5.
There is  very little  value in making a single observation.  A series of  observations should be made, 
preferably by two or more observers, over an extended period, at regular intervals. There is an example 
of a recording table on page 3.
The Miniature Charts on page 2 are not the official Ringelmann chart, but a handy interpretation of it, 
intended to be held at arm's length. 

PRINTING THESE CHARTS
Print  this document on very white A4 size (210mm x 297mm) card – when printed, the box below should be 
150mm long and 10mm high. For the charts on page 4, use only highest print quality and only black ink – you 
may have to adjust your printer settings.

Smoke Laws  in both the UK and RoI define the level  of  smoke prohibited by law as 'dark smoke', darker than shade 2 of  the  
Ringelmann Chart 
RoI: The Control of Atmospheric Pollution Regulation (1970) prohibits the emission of dark smoke from non-domestic premises for 
more than a very few (specified) minutes per day. 
UK: The Clean Air Act (1993)  prohibits the emission of dark smoke from all  industrial  premises and from domestic premises in 
designated smoke control areas, but allows a defence that the heating equipment was cold and being first lit. 

PREPARED BY: Glyn Hughes glynhughes@soliftec.com ISSUED: 05/08/10 check for updates at www.soliftec.com

Soliftec.com Ringelmann Chart. Page 1

http://www.soliftec.com/
http://www.soliftec.com/
http://www.soliftec.com/


MINIATURE SMOKE CHARTS
These charts are not the official Ringelmann chart, but simplified interpretations of it for everyday use.

BAR TYPE
Black and white print. Cut along the edge shown, hold at arm's length and compare the smoke source with the cut edge.

CIRCLE TYPE
Grey-scale print. Cut out the central hole and hold at arm's length and view the smoke source through the hole.

Soliftec.com Ringelmann Chart. Page 2



Ringelmann Smoke Observations Record
An example of a smoke observation record made every minute over a half-hour period.  For observations of a commercial smokestack 
observations might be made every two to five minutes over 24 hours.

Recorded by
Date
Point of observation
Distance to stack
Direction of wind
Velocity of wind 

MEASUREMENT 
NUMBER TIME

OBSERVED 
RINGELMANN 

NUMBER
1 12:00 0
2 12:01 0
3 12:02 0
4 12:03 0
5 12:04 0
6 12:05 0
7 12:06 1
8 12:07 1
9 12:08 1

10 12:09 2
11 12:10 2
12 12:11 2
13 12:12 0
14 12:13 3
15 12:14 3
16 12:15 3
17 12:16 1
18 12:17 1
19 12:18 1
20 12:19 1
21 12:20 1
22 12:21 1
23 12:22 1
24 12:23 1
25 12:24 1
26 12:25 3
27 12:26 3
28 12:27 3
29 12:28 3
30 12:29 3

TOTAL 42

SUMMARY Average 
Ringelmann 

Number
Average smoke density, 

%

Total of Ringelmann 
Numbers 42

= 1.4 x 20 = 28
Total number of 

observations 30

Soliftec.com Ringelmann Chart. Page 3
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Appendix B – Downloading Flaring Video Footage 

Step 1: Check with Control room about accessing camera 

Step 2: Determine best camera to analyse footage  

Best Camera’s are indicated below (e.g. 1EEC1_09_108) 
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Step 3: Select Playback Icon 

Step 4: Filter for required camera using  left hand side wiindow 

Step 5: Using play window review flaring footage 

 

Note: 

A. Alter date using Date tab 

B. Drag time bar to required start 

C. Alter play back speed using second toggle  

 

 

 

 

 

Step 6: Download required flaring footage 

by selecting Playback Tab 

 

Step 7: Select ‘Export and Protect’ 
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Step 8: Select Time Period 

Step 9: Name Flaring Event  

Step 10: Select ‘Write date and time on exported recordings’  

Step 11: Transfer downloaded video to Incident Notifications folder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://qgcopsc/lngportal/hsse/Environmental%20Workspace/Environmental%20Incidents/Incident%20Notifications
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Appendix C – Notification Template 

Environment Incident Template - Compliance Notification  

Complete form below and send to Environmental Compliance  Samuel.Heritage@Shell.com / 

Katherine.Kleeman@shell.com  

GENERAL INCIDENT INFORMATION 

EA number and name: EPPG00711513 - Queensland Curtis Liquefied Natural Gas (QCLNG) - LNG Facility 

 

 Date and time of incident 
a) Date: 
b) Start time: 
c) End time: 

  

 Description of Flaring Event (brief statement): 

 

 

 Flaring Event:  Planned   ☐      Unplanned ☐ 

 

mailto:Samuel.Heritage@Shell.com
mailto:Katherine.Kleeman@shell.com
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1.0 Objectives 

This technical memorandum outlines the operational scenarios which will result in visible smoke with 
an apparent density greater than Ringelmann 2 being emitted from the QCLNG Wet or Dry Flares. 

1.1  General Assumptions 

 Flaring resulting in the emission of visible smoke with an apparent density of greater than 
Ringelmann 2 at QCLNG for a duration greater than 5 minutes only occurs due to the release of 
refrigerant (Propane or Ethylene or combination of propane and ethylene) to the Wet or Dry 
Flare.  

 Flaring of gas originating from the feed stream (feed gas, sweet gas, dry gas, fuel gas, nitrogen 
rejection unit, methane refrigerant circuit, LNG circuit boil off gas), will not result in the emission 
of smoke with an apparent density of greater than Ringelmann 2 for greater than 5 minutes (i.e. 
not reportable). It has been observed on site to have a short duration smoke event of less than 5 
minutes as a result of flare gas originating for the feed stream. This is the result of accumulated 
refrigerant in the flare gas header that is only swept out at higher flow rates. See Appendix A. 

 After the source of the release of refrigerant into the flare header has ceased, smoke emissions 
above Ringelmann 2 can continue to occur for approximately 10 minutes due to residence time 
in the large flare headers and knock out drums. 

 Both Trains will not be simultaneously shut down for maintenance. 

 Reported peak flow rates are based on the mass flow entering the flare header at the source 
point (i.e. PCV/PSV/EDP) rather than at the flare tip and therefore does not account for the 
dynamics of the flare header and a changing upstream pressure (as the system is depressurised). 
Simultaneous flaring of feed gas will generally be expected to occur concurrently depending on 
the situation.   

1.2  Definitions 

 Ringelmann Scale – A scale (0 to 5) for measuring apparent smoke density; 

 Piston Purge – Pressurisation and subsequent depressurisation of a system to remove unwanted 
gases to acceptable levels; 

 De‐inventory ‐ Bulk removal of recoverable refrigerant to storage or second train; 

 Turnaround – Scheduled shutdown of facility to perform required maintenance and inspections; 
and 

 Shutdown – Unscheduled shutdown as the result of equipment breakdown. 
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2.0 Ethylene Release to Flare Header 

Table 1 details operational scenarios resulting in the release of Ethylene to the flare, likely visible smoke 
emission durations and frequencies.  

Table 1 ‐ Summary of Ethylene Flaring Scenarios, Maximum Durations and Frequencies  

Event Description  Flare Maximum 
Duration 

Frequency  Safety 
Related 

Ethylene De‐inventory for a Train 
Shutdown/Turnaround 

1.16 hrs (to 0 barg)

AND 

0.83 hrs per piston 
purge  

3 piston purges to 
achieve 10‐50% LEL 

5 piston purges to 
achieve <10% 

Once every 3 
years 

NO

Removal of Inert Gas or Defrost Gas from 
Ethylene Circuit 

1.16 hr Once every 3 
years 

NO

Extended use of Ethylene Reclaimer  1.16 hr Once a year  NO

Ethylene valve passing to flare header  1.83 hrs Once a year  NO

Pressure Control  Valve or Pressure Safety Valve 
Relief 

0.67 hr 3 times per year  YES

Depressurisation of Ethylene Compressor Casing 0.67 hr 3 times per year  NO

Depressurisation of an ISO container  2.67 hrs Unknown (has 
occurred before) 

YES

Sequenced Automatic Depressurisation  3 hrs TBC YES

Note: Flare duration includes 10 minutes additional time to accommodate flare header and knock out drum residence time 

2.1 Ethylene De‐inventory for a Train Turnaround/Shutdown 

2.1.1 Narrative 

During turnarounds/shutdowns, Ethylene may be required to be removed from the system to perform 
maintenance activities to: 

 Minimise the risk of exposure to hazardous energy sources to As Low As Reasonably Practicable 
(ALARP); and/or 

 Mitigate heat leak resulting in the loss of Ethylene to the flare.  

The majority of Ethylene is recovered to storage or the second train, however up to 20 tonnes 
(approximately 10% of the train Ethylene working volume) cannot be recovered.  

Depending on the intrusiveness of the maintenance activities, the system may be: 

1. Depressurised to 0 barg (i.e. no residual hazard energy). 

2. Purged with nitrogen to achieve 10‐50% LEL. 

3. Purged with nitrogen to achieve <10% LEL. 
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2.1.2 Assumptions 

 Transfer of Ethylene vapour to second Train is not available as per current piping configuration 
(MOC currently being progressed to facilitate transfer to alternative train); 

 Ethylene system settle out pressure is 3 barg after liquid de‐inventory; 

 If the Ethylene de‐inventory pump is unavailable the second train will be available to receive 
Ethylene liquid via the pump bypass line; and 

 Defrost of the system will have an equal or shorter emission duration of visible smoke than a 
nitrogen purge to <10% LEL. Therefore this scenario will not be studied further. 

2.1.3 Duration 

 1 hour to depressurise the Ethylene system to 0 barg. 

 3 nitrogen piston purges. Each piston purge results in a 40 minute duration of Ethylene to flare 
header to achieve 10‐50% LEL. 

 5 Nitrogen piston purges. Each piston purge results in a 40 minute duration of Ethylene to flare 
header to achieve lower than 10% LEL. 

Notes:   Smoke emissions will not be continuous for piston purges, as there will be an approximate period 
of 30‐60 minutes between piston purges for pressurisation – hence there is a risk that the annual 
allowance of 14 events detailed in the Environmental Authority will be impacted over a short 
timeframe. 

After each piston purges, remaining ethylene in the system will be significantly reduced as it is 
displaced with nitrogen. This may result in a reduction in visible smoke emissions to Ringelmann 2 
or below during subsequent piston purges.  

2.1.4 Frequency 

These events may occur once every three years during planned turnarounds or unplanned shutdowns. 

2.1.5 Expected Peak Flaring Flow 

Calculation based on Blowdown valve calculation data sheets and an upstream pressure of 3 barg as per 
above assumed settle out pressure. Subsequent piston purges will flare equal volume (generally 
pressurised up to 3 barg and a mixture of nitrogen and ethylene. 

Wet Flare: 

 HV15093/393: 8,000 kg/hr  

 Potential peak flow 16,000 kg/hr if both casings depressurised simultaneously.  

Dry Flare: 

 HV15050: 25,000 kg/hr 

 PV15031: 34,000 kg/hr 

 PV15023: 9,500 kg/hr 

2.2 Removal of Inert Gas or Defrost Gas from Ethylene Circuit 

2.2.1 Narrative 

All inert gas (Nitrogen) or defrost gas (Methane) must be removed from process systems following a 
turnaround/shutdown or defrost event. This is achieved by strategically segmenting the Ethylene circuit 
and using an Ethylene sweep, which leads to a tie in point of the flare header. This is followed by an 
Ethylene piston purge at a pressure of 3 bar.  
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2.2.2 Duration 

The maximum duration is approx. 1.16 hrs. 

2.2.3 Frequency 

These events may occur once every three years following a planned turnaround or unplanned shutdown. 

2.2.4 Expected Peak Flaring Flow 

Calculation based on Blowdown valve calculation data sheets and an upstream pressure of 3 barg as per 
above piston purge at 3 barg. 

Wet Flare: 

 HV15093/393: 8,000 kg/hr  

 Potential peak flow 16,000 kg/hr if both casings depressurised simultaneously.  

Dry Flare: 

 HV15050: 25,000 kg/hr 

 PV15031: 34,000 kg/hr 

 PV15023: 9,500 kg/hr 

2.3 Extended use of Ethylene Reclaimer 

2.3.1 Narrative 

High levels of non‐condensable gases (methane/nitrogen) in the Ethylene circuit will significantly impact 
plant performance, production and efficiency due to the increase in the required Ethylene condensing 
pressure. This will occur if the system has been purged/defrosted or contaminated with nitrogen or fuel 
gas from the Ethylene compressor seals. 

To remove the non‐condensable gases the Ethylene reclaimer is used. The Ethylene reclaimer 
recondenses the Ethylene and flares the nitrogen/methane. The efficient operation of the reclaimer can 
be impeded if there is significant quantity of non‐condensable gases as the desired differential 
temperature of reclaimer cannot be achieved, this may result in smoke exceeding Ringelmann 2. 
Operation of the Ethylene Reclaimer to achieve efficiency improvement is part of the design of the LNG 
Train. 

2.3.2 Duration 

The maximum duration is approx. 1.16 hr.  

2.3.3 Frequency 

This event may occur once every year. 

2.3.4 Expected Peak Flaring Flow 

Worst case scenario, pure Ethylene initially vented and PV15009 100% open. In reality this will be a mix 
of Ethylene, Methane and/or Nitrogen. 

Dry Flare: 

PCV15009 (100% Open): 7500 kg/hr 

2.4 Ethylene valve passing to flare header 

2.4.1 Narrative 

The Ethylene circuit is connected to the flare header at multiple locations, including: 
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1. Pressure Safety Valves (PSV); 

2. Emergency Depressurisation Valves (EDP); 

3. Pressure Control Valves (PCV); 

4. Defrost Gas lines; and 

5. Drain, Vent and manual bypass lines. 

There is a potential for these locations to pass significant volumes of Ethylene that result in smoke 
emissions with a density above Ringelmann #2. 

2.4.2 Assumptions: 

 Smoke greater than Ringelmann 2 will be detected within 10 mins; 

 Site walk down takes 1 hour to identify passing valve (due to complexity of facility and location of 
PSVs, etc.); and 

 Passing valve can be isolated within 30 mins (changeover of service PSV, open and close valve, 
manual isolation of EDP or PCV etc.). 

2.4.3 Duration 

The maximum duration is approx. 1.83 hours. 

2.4.4 Frequency 

This event may occur once every year. 

2.4.5 Expected Peak Flaring Flow 

Undetermined, see section 2.5 Ethylene Pressure Control Valve or Pressure Safety Valve Relief for 
potential flow rates at 100% fail open of EDP/PSV/PCV. This would be equivalent to the worst case 
scenario of a valve failing 100% open. In this event the duration would be expected to be shorter as 
operations would be able to sectionalise the Ethylene system and allow the offending valve to only 
depressurise a section. 

2.5 Ethylene Pressure Control  Valve or Pressure Safety Valve Relief 

2.5.1 Narrative 

The Ethylene Surge Drum and each Ethylene Chiller has a pressure control valve (PCV) that may release 
Ethylene to the flare in the event of a process upset.  Typically this is the result of: 

 Loss of cooling in Propane (loss of level in Propane chiller, rapid rise in pressure due to anti surge 
failure etc.); 

 Level control valve failure in Ethylene; 

 Ethylene Compressor Suction Valve failed to close position; and/or 

 Operator error. 

A PSV will lift if the PCV does not maintain the system pressure. By this token, opening of the PCVs is part 
of the inherent safe design of the facility, cognisant that PSVs are the last line of defence for over 
pressure protection. 

2.5.2 Assumptions 

This is considered an emergency event as the PCV/PSV maintains the system pressure within the safe 
operating envelope. 
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2.5.3 Duration 

The maximum duration is approx. 0.67 hr. 

2.5.4 Frequency 

This event may occur up to 3 times per annum. Frequency based on operation of PCV15009 – significantly 
lower frequency for PSV lift or PCV15023/31operaing at their full range. 

2.5.1 Expected Peak Flaring Flow 

Wet Flare: 

 HV15093/393: 36,250 kg/hr 

Dry Flare: 

 PCV15009 (100% open): 7500 kg/hr 

 PCV15023 (100% open): 55,000 kg/hr 

 PCV15031 (100% open): 134,000 kg/hr 

 PSV15002: 115,352 kg/hr 

 PSV15003: 384,319 kg/hr 

 PSV15004: 154,404 kg/hr 

 PSV15107/407: 89,721 kg/hr 

 PSV15000A/C: 391,853 kg/hr 

 PSV15000B: 166,530 kg/hr 

 HV15050: 196985 kg/hr 

 

2.6 Depressurisation of Ethylene Compressor Casing 

2.6.1 Narrative 

Ethylene compressor casings will be depressurised in the event of a seal failure or in the event of 2oo2 
compressor shut down, where a single casing will be depressurised to enable restart. 

2.6.2 Assumptions 

Seal gas failure is considered an emergency event.  

Loss of 2oo2 compressors will have the highest frequency. 

2.6.3 Duration 

The maximum duration is approx. 0.67 hr. 

2.6.4 Frequency 

This event may occur up to 3 times per annum. 

2.6.5 Expected Peak Flaring Flow 

Only required to depressurise a single compressor. Based on High Stage settle out pressure of 14 barg. 

Wet Flare: 

 HV15093/393: 26,000 kg/hr 
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2.7 Depressurisation of an Ethylene ISO Container 

2.7.1 Narrative 

An ISO container of Ethylene may need to be depressurised to flare for a number of reasons including: 

1. Safety related due to concerns relating to primary containment; and/or 

2. Off specification and cannot be removed safely from site. 

2.7.2 Assumptions 

This is considered to be an emergency event. 

2.7.3 Duration 

The maximum duration is approx. 2.67 hrs. 

2.7.4 Frequency 

The frequency is unknown as it is dependent on defects with the ISO container. 

2.7.1 Expected Peak Flaring Flow 

Initial rate could be as high as 10,000 kg/hr. ISO mass typically 9 tonnes. 

2.8 Sequenced Automatic Depressurisation 

2.8.1 Narrative 

QCLNG has an Automated Blowdown System ‐ upon confirmed fire/gas detection or general power 
failure this system will automatically depressurise the entire facility in a sequenced manner until either 
the fire or gas release is under control or the entire facility has been depressurised. This is part of the 
inherently safe design measures implemented on the project. 

2.8.2 Assumptions 

This is considered to be an emergency event. 

2.8.3 Duration 

The full depressurisation sequence may take up to 3 hours. 

2.8.4 Frequency 

The frequency is unknown as it is dependent on triggering of the fire and gas detection system. 

2.8.1 Expected Peak Flaring Flow 

Entire wet and dry flare capacity will be used during this event.  
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3.0 Propane Release to Flare Header 

Table 2 details operational scenarios resulting in the release of Propane to the flare, likely visible smoke 
emission durations and frequencies.  

Table 2 ‐ Summary of Propane Flaring Scenarios, Maximum Durations and Frequencies  

Event Description  Flare Duration Frequency  Safety 
Related 

Propane De‐inventory for a Train 
Shutdown/Turnaround 

1.67 hrs (to 0 barg)

AND 

1.17 hrs per piston 
purge 

3 Piston purges to 
achieve to 10‐50% LEL

5 Piston purges to 
achieve to <10% LEL 

Once every 3 
years 

NO

Removal of Inert Gas or Defrost Gas from 
Propane Circuit 

1.67 hrs Once every 3 
years 

NO

Extended use of Propane Reclaimer  1.17 hrs Once a year  NO

Propane valve passing to flare header  1.83 hrs Once a year  NO

Pressure Control  Valve or Pressure Safety Valve 
Relief 

0.67 hr Once per year  YES

Depressurisation of Propane Compressor Casing 0.67 hr 3 times per year  NO

Note: Flare duration includes 10 minutes additional time to accommodate flare header and knock out drum residence time 

3.1 Propane De‐inventory for a Train Turnaround/Shutdown 

3.1.1 Narrative 

During turnarounds/shutdowns, it may be required for Propane to be removed from the system to 
perform maintenance activities to minimise the risk of exposure to hazardous energy sources to ALARP. 

Depending on the intrusiveness of the maintenance activities, the system may be: 

1. Depressurising to 0 barg; 

2. Purged with nitrogen to achieve 10‐50% LEL; and/or 

3. Purged with nitrogen to achieve 10% LEL. 

3.1.2 Assumptions 

 Propane system settle out pressure is 4‐5 barg after liquid de‐inventory and 9 barg for the 
Propane Accumulator. 

 If the Propane de‐inventory pump is not available the second train will be available to receive 
Propane liquid. 

 Defrost of the system will have an equal or shorter duration of smoke emissions of greater than 
Ringelmann 2 than a nitrogen purge to 10% LEL and therefore will not be studied further. 
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3.1.3 Duration 

 1.5 hours to depressurise the Propane system to 0 barg. 

 3 Nitrogen piston purges. Each piston purge results in a 1 hour period of Propane to the flare 
header to achieve 10‐50% LEL. 

 5 Nitrogen piston purges. Each piston purge results in a 1 hour period of Propane to the flare 
header to achieve lower than 10% LEL. 

Note:   Smoke emissions will not be continuous for the piston purges as there will be an approximate 
period of 30‐60 minutes between piston purges for pressurisation – hence there is a risk that the 
annual allowance of 14 events detailed in the Environmental Authority will be impacted over a 
short timeframe; and 

After each piston purge, remaining propane in the system will be significantly reduced as it is 
displaced with nitrogen. This may result in a reduction in visible smoke emissions to Ringelmann 2 
or below during subsequent piston purges.  

3.1.4 Frequency 

These events may occur once every three years following a planned turnaround or unplanned shutdown. 

3.1.5 Expected Peak Flaring Flow 

Calculation based on Blowdown valve calculation data sheets and an upstream pressure as per above 
assumed settle out pressure. Subsequent piston purges will flare equal volume (generally pressurised up 
to 3 barg and a mixture of nitrogen and propane). 

Wet Flare: 

 HV14141/441: 63,400 kg/hr 

 Potential peak flow 126,800 kg/hr if both casings depressurised simultaneously.  

Dry Flare: 

 HV14041: 270,000 kg/hr 

 HV14042: 35,200 kg/hr 

 HV14067: 69,000 kg/hr 

 HV14070: 47,500 kg/hr 

3.2 Removal of Inert Gas or Defrost Gas from Propane Circuit 

3.2.1 Narrative 

All inert gas (Nitrogen) or defrost gas (Methane must be removed from the system following a 
turnaround/shutdown or defrost. This is achieved by strategically segmenting the Propane circuit and 
using a Propane sweep up to a tie in point of the flare header, followed by a 3 barg Propane piston purge.  

3.2.2 Duration 

The maximum duration is up to approx. 1.67 hrs.  

3.2.3 Frequency 

These events may occur once every three years following a planned turnaround or unplanned shutdown. 

3.2.4 Expected Peak Flaring Flow 

Calculation based on Blowdown valve calculation data sheets and an upstream pressure of 3 barg as per 
above piston purge. 
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Wet Flare: 

 HV14141/441: 41,000 kg/hr 

 Potential peak flow 82,000 kg/hr if both casings depressurised simultaneously.  

Dry Flare: 

 HV14041: 97,300 kg/hr 

 HV14042: 22,900 kg/hr 

 HV14067: 44,900 kg/hr 

 HV14070: 30,700 kg/hr 

 

3.3 Extended use of Propane Reclaimer 

3.3.1 Narrative 

High levels of non‐condensable gases (methane/nitrogen) in the Propane circuit will significantly impact 
plant performance, production and efficiency due to the increase in the required Propane condensing 
pressure. This will occur if the system has been purged/deforested or contaminated with nitrogen or fuel 
gas from the Propane compressor seals. 

To remove the non‐condensable gases the Propane reclaimer is used. The Propane reclaimer 
recondenses the Propane and routes the top section of the reclaimer (containing 
nitrogen/methane/Propane) to the low pressure fuel gas system – the majority of this fuel is used for the 
dry flare purge. The efficient operation of the reclaimer can be impeded if there is significant quantity of 
non‐condensable gases as the desired differential temperature of the reclaimer cannot be achieved, this 
will result in smoke emissions exceeding Ringelmann 2. Operation of the Propane Reclaimer to improve 
plant efficiency is part of the design of the plant. 

3.3.2 Duration 

The maximum duration is approx. 1.17 hrs. 

3.3.3 Frequency 

These events may occur once per year. 

3.3.4 Expected Peak Flaring Flow 

Worst case scenario, pure Propane initially vented and PCV14102 100% open. In reality this will be a mix 
of Propane, Methane and/or Nitrogen. 

Wet/Dry Flare: 

PCV14102 (100% Open): 6500 kg/hr 

 

3.4 Propane valve passing to flare header 

3.4.1 Narrative 

The Propane circuit is connected to the flare header in multiple locations, including: 

1. Pressure Safety Valves (PSV). 

2. Emergency Depressurisation Valves (EDP). 
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3. Pressure Control Valves (PCV). 

4. Defrost gas lines. 

5. Drain, Vent and manual bypass lines. 

There is a potential for these locations to pass significant volumes of Propane that result in a smoke 
density of greater than Ringelmann 2. 

3.4.2 Assumptions. 

 Smoke densities of greater than Ringelmann 2 will be detected within 10 mins. 

 Site walk down takes 1 hour to identify passing valve. 

 Passing valve can be isolated within 30 mins (changeover of service PSV, open and close valve, 
manual isolation of EDP or PCV etc.). 

3.4.3 Duration 

The likely maximum duration is 1.83 hours. 

3.4.4 Frequency 

This event may occur once per year. 

3.4.1 Expected Peak Flaring Flow 

Undetermined, see section 3.5 Pressure Control Valve or Pressure Safety Valve Relief for potential flow 
rates at 100% fail open of EDP/PSV/PCV. This would be equivalent to the worst case scenario of a valve 
failing 100% open. In this event the duration would be expected to be shorter as operations would be 
able to sectionalise the Propane system and allow the offending valve to only depressurise a section. 

3.5 Propane Pressure Control  Valve or Pressure Safety Valve Relief 

3.5.1 Narrative 

The Propane Accumulator has a pressure control valve (PCV) that releases Propane to the fuel and in turn 
the flare header in the event of a process upset. Generally this is the result of: 

 Sudden loss of Propane condensing fans. 

 Level control valve failure in Propane. 

 Incorrect operator action. 

Pressure Safety Valves are located on the Propane accumulator and Propane chillers. A PSV will lift if the 
PCV does not maintain the system pressure. By this token, opening of the PCVs is part of the inherent 
safe design of the facility, cognisant that PSVs are the last line of defence for over pressure protection. 

3.5.2 Assumptions 

This is considered to be an emergency event as the PCV/PSV maintains the system pressure within the 
safe operating envelope. 

3.5.3 Duration 

The maximum duration is approx. 0.67 hr. 

3.5.4 Frequency 

This event may occur once per year. 
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3.5.5 Expected Peak Flaring Flow 

 PCV14102: 9,600 kg/hr  

 PSV14164A/C: 393,208 kg/hr 

 PSV14164B: 7,607 kg/hr 

 PSV14008: 56,765 kg/hr  

 PSV14005: 38,777 kg/hr 

 PSV14173: 131,959 kg/hr 

 PSV14165: 147,112 kg/hr 

 PSV14003: 131,941 kg/hr 

3.6 Depressurisation of Propane Compressor Casing 

3.6.1 Narrative 

Propane compressor casings may need to be de‐pressured in the event of a seal failure, or in the event of 
2oo2 compressor shut downs a single casing will be depressurised to enable restart. 

3.6.2 Assumptions 

Seal gas failure considered an emergency event.  

Loss of 2oo2 compressors will have the highest frequency. 

3.6.3 Duration 

The likely maximum duration is 0.67 hr. 

3.6.4 Frequency 

The maximum frequency is approx. 3 times per year. 

3.6.5 Expected Peak Flaring Flow 

Only required to depressurise a single compressor based on 7 barg settle out pressure. 

HV14141/441: 85,000 kg/hr 

3.7 Depressurisation of an Propane ISO Container 

3.7.1 Assumptions 

Event considered improbable. 

3.8 Sequenced Automatic Depressurisation 

As per section 2.8 Sequenced Automatic Depressurisation. 
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Appendix A: Short Duration Black Smoke Event 

On the 31st March 2016 at 1:40PM the methane compressor casings were depressurised to flare to 
enable plant restart. This resulted in a short duration (less than 3 minutes) black smoke event. The black 
smoke would be attributed to the sweeping of the flare header which can contain stagnant refrigerant 
from either previous flaring events or the refrigerant compressor seal gas system. 

This is not considered a notifiable event under the current Environmental Authority as it did not result in 
continuous smoke emissions with an apparent intensity of greater than Ringelmann 2 for a period longer 
than 5 minutes. 
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Flaring Notification – Process and Templates  

01 June 2017 

Flaring events will likely occur on these occasions: 

Process Flare 

1. Scheduled shutdowns  

2. Unplanned shutdowns – adhoc as identified to rectify problems; conduct urgent 

maintenance works 

3. Trip events – emergency blow downs 

Marine Flare  

4. Evacuation of non-spec LNG from vessel 

5. Cool down of ‘hot ships’ that come in without an LNG heel (from dry dock etc) 

Key requirements 

Planned flaring 

A written notification should be issued to stakeholders, including the regulator being the 

Department of Environment and Heritage Protection (DEHP), at least 24 hours prior to each 

planned smoky flaring event. Smoky flaring is flaring which produces visible smoke rated at 

greater than grey scale, Ringlemann 2. 

Stakeholders and the public should also be advised of planned smoky flaring events via 

other channels using one or a combination of: 

. newspaper print advertisement; 

. radio advertisement; and/or 

.  QGC Facebook post. 

Unplanned flaring 

In the case of unplanned smoky flaring (e.g. during an emergency), an email notification 

should be provided during and/or post the event. 

Email notification 

Flaring notification emails should be sent to key identified stakeholders as per the External 

Stakeholder Distribution List (Appendix A) including the Department of Environment and 

Heritage Protection (DEHP). 
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This approach meets: 

. QGC’s commitment to proactively communicate with key stakeholders and interested 

community members regarding flaring activity, and 

. QCLNG’s Environmental Authority (17 June 2016 - EPPG00711513), issued by DEHP. 

Schedule K – Notification Procedures stipulates: 

‘Written notification must be provided to the administering authority (24) hours 

prior to a planned flaring event or within 24 hours following an unplanned flaring 

event.’ (K6) 

2017 Events 

October Turnaround 
A significant maintenance event is planned for October 2017, to undertake maintenance on 
Train 1. Smoky flaring is anticipated when the processing systems are taken offline and 
subsequently restarted. The Turnaround Team is the key point of contact for updates re 
anticipated schedule. 
 
Other events 
Any changes to the schedule of anticipated flaring events will be reflected in the minutes of 
the Flaring Reduction Working Group. 
 
Beyond the guidance in the Flaring Working Group minutes, contact should be made with 
the Shutdown Superintendent and/or Warranty Superintendent at least one month prior to 
any scheduled outages/shutdowns to confirm the likelihood of flaring and/or scope of the 
works. 
 
General Flaring Information (cross-reference latest flaring messaging and flaring fact 

sheet)  

Flaring is the term used to describe the controlled burning of gas released from industrial 
plants when it cannot be processed for commercial use. 
 
The infrastructure for flaring is an integral part of the operational and safety management 
systems of an LNG plant. 
 
Flaring is an environmentally responsible way of eliminating gases that cannot be processed 
into LNG, minimising greenhouse gas emissions. 
 
The flares in operation on Curtis Island have been designed and constructed in accordance 
with QGC’s Environmental Authority. 
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To ensure the flare systems are always ready for use, a small quantity of gas is continuously 
burnt by the flares as a pilot light – much like the pilot light on a household hot water 
system.  
 
During normal operations, natural gas and other hydrocarbons flow continuously through 
the plant. Flaring ensures the hydrocarbons are safely combusted and do not escape into 
the air. 
 
The small quantity of natural gas that is burned continuously from the pilot light results in a 
small flame, without smoke, and emissions of carbon dioxide, nitrogen oxides and water 
vapour. 
 
Smoky flaring 
 
Essential maintenance required to keep the plant operating safely and efficiently generates 
smoky flares from time to time. 
 
During non-normal operations, such as a plant maintenance or an emergency, the emissions 
may include carbon dioxide, carbon monoxide, oxides of nitrogen, small quantities of 
particulate matter and trace quantities of hydrocarbons. This can result in black smoke 
being emitted with the flame.   
 
Black smoke is emitted from the flare of our LNG plant when refrigerants are burnt off as 
part of the process to shut down the plant for technical reasons.  
 
While smoke from flaring can be visible for short periods, based on air dispersion modelling 
that considers the stack height and gas composition, and the Government's air quality 
monitoring, there are no health or environmental impacts predicted from flaring at the LNG 
plant.  EHP air quality monitoring (PM10, PM2.5, NOx, SO2) and visibility in the Gladstone 
region shows no health or environment impacts that are related to flaring.  
 
The smoke has a similar chemical composition to smoke from a campfire or candle, 
comprising carbon particles, carbon dioxide, carbon monoxide and water vapour. 
 
Air Quality data 
Community members can access Gladstone air quality data at 
www.ehp.qld.gov.au/air/data/search. 
o This data is publicly available in real time. 
 
QGC is committed to open and honest communication with the community about the issue 
and will notify stakeholders when they can expect to see visible smoke prior to planned 
shutdowns. 
 
Shutdown Definitions 

There are three types of shut-down at QCLNG: 
 



Environmental Authority Amendment Application – Information Request Response 

Attachment 2: Requested Documents 
Item J documents:  Midstream Stakeholder Engagement Plan (Document number: TBA) Relevant extract attached. 

 

 

170701_Flaring Notification Process and Templates 

4 

 

1. Pre-planned scheduled maintenance shut-down 
This enables routine maintenance activities to occur. Typically, scheduled 
maintenance is expected to occur a few times a year. 

 

2. Unplanned repairs or maintenance shut-down 
These unplanned events are typically short-term in nature. 

 
3. Emergency shut-down 

Flaring will also occur in emergency situations when the plant must be quickly 
purged of gas. In the unlikely event of an emergency, all of the gases within the plant 
would be sent directly to the flare to quickly clear the plant of hydrocarbons. 

 
 
Notifications standard inclusions: 

1. Recipient distribution list in the Bcc field  
2. Subject: QGC – Flaring Notification  
3. Title email body with NOTIFICATION OF FLARING ACTIVITY 
4. Open and transparent concise explanation of the event in easy to understand 

language 
5. Explanation of flaring  
6. Contact name and details (mobile number if possible).   
7. Encouragement to make contact if recipients have any questions  

 
 

Tip: to access the Bcc field click on To in your email to bring up contacts, Bcc is visible in this 
view.  Copy and paste the distribution list into the Bcc field – it will then be visible when you 
return to your email body – allowing you to edit the list in this view. 
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Tip: to access the Bcc field of a sent email in order to view who the email was sent to, 
sender can view sent email and forward …. 
 
Flaring Explanation (included in each notification; cross-reference with latest messaging): 

 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
 
Optional inclusions: 

Nitrogen purge: 
This will require the vessel to be filled with nitrogen to remove any oxygen before gas/LNG 
vapour can be introduced.  This process will involve sending gas/ LNG vapour and nitrogen to 
flare resulting in increased flaring and smoke. 
 
 
Contributor List - Content and Approvals  

 
Importantly, confirmation must be received from the Environment Team prior to 
distribution of any written notification. 
Approvals for alternate notifications should include approvals from: 
 
Content: 
Audience Senior Social Performance and Community 

Engagement Advisor   
Technical content  Midstream Operations – Operations Manager; 

Environment Superintendent 
Message  Senior Social Performance and Community 

Engagement Advisor; QGC External Relations Advisor 

http://www.ehp.qld.gov.au/air/data/search
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
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Approval: 
Technical & Release Midstream Asset Manager; QGC Environmental 

Operations Manager; Midstream Environment 
Superintendent; QGC External Relations Advisor; Senior 
Social Performance and Community Engagement 
Advisor   
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Notification Templates 

Below are a series of notification templates which reflect the key scenarios where formal 
communication with external stakeholders is undertaken. 
 
These templates should be used to generate each notification to ensure the resulting 
communication is clear and consistent. Some messages may require customisation to clearly 
communicate specific circumstances. 
 
Examples of previous flaring notifications can be found in Appendix B. 
 

A) Scheduled Shutdown – facility shutdown/start-up event 
 

NOTIFICATION OF FLARING ACTIVITY 
 
Please be advised that a scheduled (two-week maintenance shutdown) on Train (1 or 2) will 
commence at QGC’s Curtis Island operations on date and is expected to be completed by 
date.  
 
During this time, the supply of natural gas to the plant will be stopped and flaring will be 
used to ensure all gases are evacuated from the plant’s processing systems to allow work to 
safely commence. 
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 

http://www.ehp.qld.gov.au/air/data/search
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
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B) Unplanned process event e.g. unscheduled shutdown or deinventory of refrigerant 

– where timing allows prior notification 
 
NOTIFICATION OF FLARING ACTIVITY 
 
Please be advised that essential maintenance activities will require an unscheduled shut-
down of Train [1 or 2] at QGC’s Curtis Island operations. This is expected to commence on 
(time/date) and to be completed by (time/date).   
 
During this time, the supply of natural gas to the plant will be stopped and flaring will be 
used to evacuate gases from the plant’s processing systems to allow work to safely 
commence. 
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 

 
 

C) Notification during unexpected event involving flaring – where timing did not allow 
prior notification – e.g. immediate action taken to repair a component 

 

NOTIFICATION OF FLARING ACTIVITY 
 
(Today) an issue was detected with (component) at QGC’s operations on Curtis Island.  As 
standard procedure, the plant was shutdown in order to conduct a safe repair. 
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It is expected that the repair will be completed by (time/date) and the plant restarted, with 
operations expected to return to normal by (time/date). 
 
Shutdown and start up procedures commonly result in increased flaring and smoke 
emissions.  This is due to the supply of natural gas to the plant being stopped and flaring 
being used to evacuate gases from the plant’s processing systems so work can safely 
commence. 
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
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D) Notification post unexpected event involving flaring – where timing did not allow 
prior notification e.g. trip event 

 
 

NOTIFICATION OF FLARING ACTIVITY 
 
At (time/date) an event (optional inclusion of event type, e.g. plant trip, emergency shut-
down) occurred at QGC’s operations on Curtis Island, resulting in increased flaring activity. 
 
This activity ceased at (time/date)/.  
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 

 

  

http://www.ehp.qld.gov.au/air/data/search
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
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E) Notification of marine flare activity  
 
 

NOTIFICATION OF FLARING ACTIVITY 
 
Please be advised that the scheduled arrival of the next LNG Carrier to QGC’s operations on 
Curtis Island at (time/date) will involve an increase in flaring from the Marine Flare. 
 
This activity is expected to cease on departure of the vessel at (time/date).   
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 

 

F) Notification of planned shutdown/outage where flaring was not anticipated, but is 
occurring 

 

NOTIFICATION OF FLARING ACTIVITY 
 
Please be advised that QGC is undertaking [planned maintenance, other] on (Train 1/2), 
which is expected to be completed by (time/date).   
 
While the scope of works did not initially require the evacuation of gases from the plant’s 
processing systems, this is now necessary to ensure work can continue safely. This has 
resulted in increased flaring. 

http://www.ehp.qld.gov.au/air/data/search
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
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We are working to minimise the amount of flaring by returning as much of the refrigerants 
as possible to on-site storage. 
 
Flaring is essential to maintain a safe work environment for our employees and contractors 
who work on the plant, and for the safety of our community. 
 
Flaring is an integral part of our plant’s operational and safety management systems and 
refers to the controlled burning of gas released from our plant when it cannot be processed 
into LNG. 
 
We closely monitor and manage air quality emissions. For more information regarding air 
quality view the Queensland Government’s monitoring results for the Gladstone region at 
www.ehp.qld.gov.au/air/data/search 
 
For more information on QGC’s plant and flaring:  
-              see the fact sheets available at: http://www.shell.com.au/about-us/projects-and-
locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html 
-              email community@qgc.com.au, or call our toll-free 24-hour information line 1800 
030 443. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 
Please feel free to share this information with your networks and to contact me if you have 
any questions regarding this activity. 
 

 

 

  

http://www.ehp.qld.gov.au/air/data/search
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
http://www.shell.com.au/about-us/projects-and-locations/qgc/environment/environmental-operations/flaring-at-our-lng-plant.html
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Appendix A – External Stakeholder Distribution List 

The below Distribution List is indicative. The corresponding email list is located in the Social 

Performance>Flaring Notifications folder 

Name Position Organisation 

Department of Environment and 
Heritage Protection (DEHP) 

Member South End Progress Association 
(SEPA) 

Chairman Blue & White Taxis (Gladstone) Pty 
Ltd 

Community Development Officer Gladstone Regional Council (GRC) 

Inspector Queensland Fire and Emergency 
Services (QFES) Gladstone 

RCCC member Gladstone's Northern Region 

District Manager - Gladstone Australian Customs and Border 
Protection Service 

Chairman Local Marine Advisory Committee 
(LMAC) 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

General Manager Downstream 
Operations 

Santos GLNG 

Director Corporate & Community 
Services 

Gladstone Regional Council (GRC) 

General Manager Gladstone Engineering Alliance (GEA) 

Downstream Operations Manager Conoco Phillips (APLNG) 

General Manager EQIP (SI Partner) 

Treasurer/Member Gladstone Conservation Council 
(GCC) 

Former RCCC member; owner editor of 
the Coastal Rag 

Agnes Water 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Deputy Mayor Gladstone Regional Council (GRC) 

Councillor Gladstone Regional Council (GRC) 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Community Relations Officer Pacific Aluminium 

RCCC member South End Progress Association 
(SEPA) 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Patrol Inspector Queensland Police Service - 
Gladstone 

RCCC member Gladstone Area Promotion 
Development Ltd (GAPDL) 
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Principal Scientist Department of Environment and 
Heritage Protection (DEHP) 

RCCC member Dept Education, Training & 
Employment (DETE), EQIP 

Manager, Gladstone National Parks, Recreation, Sport and 
Racing (NPRSR) 

Councillor Gladstone Regional Council (GRC) 

Senior Environmental Manager, 
Gladstone 

National Parks, Recreation, Sport and 
Racing (NPRSR) 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Community representative Gladstone Region Environmental 
Advisory Network (GREAN); 
Gladstone Healthy Harbour 
Partnership 

Local Member State Government 

Councillor Gladstone Regional Council (GRC) 

Port Manager, Gladstone Gulf Agency Company (Australia) Pty 
Ltd 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Former RCCC proxy Gladstone's Southern Region 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Senior Sergeant Queensland Police Service - 
Gladstone 

RCCC proxy South End Progress Association 
(SEPA) 

Officer in Charge Queensland Police Service - 
Gladstone District Water Police 

Assistant Harbour Master, Gladstone Maritime Safety Queensland (MSQ) 

Chief Financial Officer Gladstone Area Water Board (GAWB) 

Editor Gladstone Observer 

Harbour Master, Gladstone Maritime Safety Queensland (MSQ) 

Councillor Gladstone Regional Council (GRC) 

Assistant Regional Director Dept Education, Training & 
Employment (DETE) 

Local Member for Flynn Federal Government 

Media & Community Relations 
Specialist 

Queensland Alumina Ltd (QAL) 

Communications Specialist Gladstone Ports Corporation (GPC) 

Community Relations Advisor Santos GLNG 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Multicultural Community Relations 
Officer 

Gladstone Regional Council (GRC) 

Visitor Information Centre Coordinator Gladstone Area Promotion 
Development Ltd (GAPDL) 

Industry Reporter Gladstone Observer 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 
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Chief Financial Officer Gladstone Regional Council (GRC) 

Business Development Manager Homeground Villages 

RCCC proxy Volunteer Marine Rescue (VMR) 

Mayor Gladstone Regional Council (GRC) 

Manager Central Districts & Vessel 
Operations 

Department of Agriculture and Water 
Resources 

Community Relations Officer Arrow Energy 

Director Welcoming Intercultural Neighbours 

Constable Queensland Police Service - 
Gladstone District Water Police 

CEO Gladstone Industry Leadership Group 
(GILG) 

GPC Board Member Barney Beach Cabins 

Gladstone Manager Dept Employment, Economic 
Development and Innovation 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Councillor Gladstone Regional Council (GRC) 

CEO Gladstone Airport Corporation 

Councillor Gladstone Regional Council (GRC) 

RCCC Chair Central Queensland University (CQU) 

Liaison Officer Great Barrier Reef Marine Park 
Authority (GBRMPA) 

RCCC proxy Indigenous Community of Gladstone 

Venue Manager Central Lane Hotel 

Councillor Gladstone Regional Council (GRC) 

Community Relations Manager Australian Pacific LNG 

RCCC proxy Volunteer Marine Rescue (VMR) 

RCCC proxy Local Marine Advisory Committee 
(LMAC) 

Officer in Charge Queensland Ambulance Service 
(QAS) 

CEO Gladstone Regional Council 

Community Relations Advisor Rio Tinto Alcan 

Research Fellow Central Queensland University (CQU) 
- LMAC RCCC Member 

Team Leader - Central Queensland Department of Agriculture, Fisheries 
and Forestry (DAFF) 

RCCC Proxy  Youth Justice, Dept of Justice & 
Attorney General - Interagency 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

Constable Queensland Police Service - 
Gladstone District Water Police 

QGC/VMR Partnership Coordinator Volunteer Marine Rescue (VMR) 

Discovery Coast Environment Group 

Project Officer Queensland Minerals and Energy 
Academy (QMEA) 

Department of Environment and 
Heritage Protection (DEHP) 

mailto:rickhansen@gladstonerc.qld.gov.au
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Unit Training Coordinator Volunteer Marine Rescue (VMR) 

President South End Progress Association 
(SEPA) 

Youth Development Officer Gladstone Regional Council (GRC) 

RCCC  member Gladstone Regional Council (GRC) 

RCCC member Southern Region 

Gladstone Area Commander Queensland Fire and Emergency 
Services (QFES) Gladstone 

Firefighter Queensland Fire and Emergency 
Services (QFES) Gladstone 

RCCC Member Gladstone Youth Council 

INTERNAL 

Principal Production Manager QGC 

Principal HSSE Manager QGC 

Environmental Superintendant QGC 

Marine Specialist QGC 

GM External and Government Relations QGC 

Environment Operations Manager QGC 

Air Quality Specialist QGC 

Engineering Manager QGC 

Environmental Superintendent QGC 

QGC External Relations Advisor QGC 

External Relations Manager East 

Senior Social Performance and 
Community Engagement Advisor 

QGC 

Midstream Asset GM QGC 

Senior Media Advisor QGC 

SP Manager - East QGC 

Appendix B - Previous Notification Examples: 

Unscheduled shutdown of Train 1 – Mon, 6/3/2017 

NOTIFICATION OF FLARING ACTIVITY  

Yesterday afternoon there was an unplanned shutdown of Train 1 at QGC’s operations on Curtis Island. 

Due to an equipment fault, the gas supply to the Train was reduced and flaring was used to evacuate natural gas from the Train’s 

processing systems. This enabled us to investigate and rectify the fault before safely resuming Train 1 operations. The resulting flaring 

caused a significant increase in the size of the flame and visible smoke for a short period.  

Flaring is an integral part of our plant’s operational and safety management systems.  It refers to the controlled burning of gas released 

from our plant when it cannot be processed into LNG. 

We closely monitor and manage air quality emissions. For more information regarding air quality view the Queensland Government’s 

monitoring results for the Gladstone region at www.ehp.qld.gov.au/air/data/search 

For more information on QGC’s plant and flaring: 

- see the fact sheets available at: www.qgc.com.au 

- email community@qgc.com.au, or call our toll-free 24-hour information line 1800 030 443. 

http://www.ehp.qld.gov.au/air/data/search
http://www.qgc.com.au/
mailto:community@qgc.com.au
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Please feel free to share this information with your networks and to contact me if you have any questions regarding this activity. 

 

Restarting of Train 2 after planned maintenance – Fri, 17/07/2015 

NOTIFICATION OF FLARING ACTIVITY 

Please be advised that flaring activity is about to occur at the QCLNG plant, resulting in black smoke today and tomorrow. 

This activity involves bringing Train 2 back on line following planned maintenance activity associated with commissioning and start up. 

Flaring is an integral part of our plant’s world class operational and safety management systems.  It refers to the controlled burning of gas 

released from our plant when it cannot be processed into LNG. 

Train 1 of the plant started commercial operations in May 2015.  Train 2 recently commenced production and is continuing through the 

commissioning and start-up phase. Infrequent flaring is expected to continue until both trains have moved to normal operations. 

We monitor air quality emissions and are committed to keeping our community informed. 

For more information regarding air quality view the Queensland Government’s monitoring results for the Gladstone region at 

www.ehp.qld.gov.au/air/data/search 

For more information on the QCLNG plant and flaring:  

-              see the fact sheets available at: www.qgc.com.au 

-              subscribe to our monthly Operations Bulletin at http://qgc.com.au/news-media/newsletters.aspx 

Please feel free to contact me if you have any questions regarding this activity. 

______________________________________________________________________________________________________________ 

ENDS 
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Terms in green are included HSSE & SP Control Framework Glossary.  
Terms in blue reference manuals and manual sections in the HSSE & SP Control Framework. 
This document is not controlled when printed. See the Change Log for version control information. 

Flaring and Venting 

Shell HSSE & SP Control Framework 

Environment Manual 

Mandatory 

Restricted 

Version 3, August 2016 

 

Purpose 

To manage the Risk associated with the flaring or venting of hydrocarbons. 

Who is this for? 

• Business Leaders; and 

• Managers. 

What situations are/are not covered? 

This manual section applies to: 

• Major Installations, Sources, and projects with potential to flare or vent hydrocarbons. 

This manual section does not apply to: 

• Fugitive Emissions and tank breathing losses (covered by the Volatile Organic Compounds 

Manual Section); 

• flaring from an Exploration Well or an Appraisal Well up to a maximum of three months; 

• flaring from an Unconventional Well used as an Exploration Well or an Appraisal Well up to 

a maximum of 12 months. 

Requirements 

The Business Leader is Accountable for requirements 1 and 2. 

Requirement 1 applies to Major Installations, Sources and projects that extract associated gas 

equivalent to more than 10,000 tonnes of Carbon Dioxide equivalent (CO2e) per year, if this 

gas were flared. 

1. Provide equipment/facilities to export, re-inject or use the produced associated gas. 

Requirement 2 applies to Major Installations, Sources and projects, where: 

• Flaring And Venting Intensity exceeds 1% by mass (mass of hydrocarbon flared and 

vented/mass of hydrocarbon throughput); and 

• combined Flaring And Venting exceeds 10,000 tonnes of CO2e per year. 

2. Establish and maintain a Flaring And Venting management action plan. 

2.1. Verify that the plan: 

• has been reviewed by a Subject Matter Expert (SME) for Flaring And Venting; 

• is consistent with the Flaring And Venting plan in the applicable Greenhouse Gas 

and Energy Management Plan; and 

• includes milestones to deliver Flaring And Venting performance that is any one of 

the following: 

https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=398
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=50
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=290
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=281
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=438
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=174
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Web/Volatile_Organic_Compounds.aspx
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Web/Volatile_Organic_Compounds.aspx
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=518
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=519
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=520
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=3
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=517
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=84
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=30


  

- less than 10,000 tonnes of CO2e per year; or 

- less than 1% by mass of hydrocarbon throughput; or 

- As Low As Reasonably Practicable (ALARP). 

The Manager is Accountable for requirements 3 and 4. 

Requirement 3 applies to Major Installations, Sources and projects where any one of the 

following statements concerning known or planned Flaring And Venting emissions is true: 

 Flaring And Venting emissions have a Risk Assessment Matrix (RAM) red or yellow Risk 

rating; or 

 Flaring And Venting Intensity exceeds 1% by mass (mass of hydrocarbon flared and 

vented/mass of hydrocarbon throughput). 

3. Assess Risks associated with Flaring And Venting emissions, and review with a Subject 

Matter Expert for Flaring And Venting. 

3.1. Develop mitigation strategies for RAM red Risks and RAM yellow Risks with a Severity 

rating of 3 or greater and review with the Subject Matter Expert for Flaring And 

Venting. 

4. Evaluate deviations from design that cause an increase of hydrocarbon flaring or venting 

and reduce them to ALARP in line with the Managing Risk Manual Section. 

4.1. Review this ALARP assessment with the Subject Matter Expert for Flaring And 

Venting. 

Implementation 

New or changed content of this manual section must be implemented no later than December 

31, 2017 in line with the Implement Manual Section. 

Refer to the Change Log for more details on the new or changed content. 

https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=20
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=382
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=417
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Web/Managing_Risk.aspx
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Web/Implement.aspx
https://eu001-sp.shell.com/sites/AAAAA8432/CF/P01E/Flaring_and_Venting_Manual_ChangeLog.xlsx
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Preface 

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of 
ISA-75.01.01-2007 (IEC 60534-2-1 Mod). 

The standards referenced within this document may contain provisions which, through reference in this 
text, constitute requirements of this document.  At the time of publication, the editions indicated were 
valid.  All standards are subject to revision, and parties to agreements based on this document are 
encouraged to investigate the possibility of applying the most recent editions of the standards indicated 
within this document.  Members of IEC and ISO maintain registers of currently valid International 
Standards.  ANSI maintains registers of currently valid U.S. National Standards.  

This document has been prepared as part of the service of ISA toward a goal of uniformity in the field of 
instrumentation.  To be of real value, this document should not be static but should be subject to periodic 
review.  Toward this end, the Society welcomes all comments and criticisms and asks that they be 
addressed to the Secretary, Standards and Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277; 
Research Triangle Park, NC  27709; Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: 
standards@isa.org. 

The ISA Standards and Practices Department is aware of the growing need for attention to the metric 
system of units in general, and the International System of Units (SI) in particular, in the preparation of 
instrumentation standards.  The Department is further aware of the benefits to USA users of ISA 
standards of incorporating suitable references to the SI (and the metric system) in their business and 
professional dealings with other countries.  Toward this end, this Department will endeavor to introduce 
SI-acceptable metric units in all new and revised standards, recommended practices, and technical 
reports to the greatest extent possible.  Standard for Use of the International System of Units (SI): The 
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and 
conversion factors. 

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and 
interests in the development of ISA standards, recommended practices, and technical reports.  
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by 
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical 
reports that ISA develops. 

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS 

INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS 

REQUIRED FOR USE OF THE STANDARD, IT WILL REQUIRE THE OWNER OF THE PATENT TO 

EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING 

WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE 

FREE FROM UNFAIR DISCRIMINATION.  

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS 

CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES, 

PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE 

EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING 

THE STANDARD. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY 

REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING 

THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD 

CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE 

USER’S INTENDED APPLICATION. 
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HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY 

PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA 

STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER. 

ADDITIONALLY, THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS, 

OPERATIONS OR EQUIPMENT. THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE 

APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN 

HAZARDOUS CONDITIONS. THE USER OF THIS STANDARD MUST EXERCISE SOUND 

PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S 

PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF 

ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH 

PRACTICES BEFORE IMPLEMENTING THIS STANDARD. 

The following people served as members of ISA Subcommittee SP75.01: 

NAME COMPANY 

J. George, Chair Richards Industries 
W. Weidman, Managing Director Worley Parsons 
H. Baumann Consultant 
H. Boger* Masoneilan Dresser 
G. Borden Consultant 
S. Boyle Metso Automation USA Inc. 
C. Crawford Consultant 
A. Glenn Flowserve Corporation 
M. Hanusa* Fisher Controls International Inc. 
H. Hoffmann Samson AG 
J. McCaskill Power Chokes 
A. McCauley Chagrin Valley Controls Inc. 
J. Reed Consultant 
J. Reid Cashco Inc. 
M. Riveland* Fisher Controls International Inc. 
K. Schoonover Con-Tek Valves Inc. 
E. Skovgaard Control Valve Solutions 
F. Volpe* Masoneilan Dresser 
J. Young The Dow Chemical Company 
______  
* One vote per company.  
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FOREWORD 

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization 
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is 
to promote international co-operation on all questions concerning standardization in the electrical and 
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards. 
Their preparation is entrusted to technical committees; any IEC National Committee interested in the 
subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. The IEC collaborates 
closely with the International Organization for Standardization (ISO) in accordance with conditions 
determined by agreement between the two organizations. 

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, 
an international consensus of opinion on the relevant subjects since each technical committee has 
representation from all interested National Committees. 

3) The documents produced have the form of recommendations for international use and are published 
in the form of standards, technical reports or guides and they are accepted by the National Committees in 
that sense. 

4) In order to promote international unification, IEC National Committees undertake to apply IEC 
International Standards transparently to the maximum extent possible in their national and regional 
standards. Any divergence between the IEC Standard and the corresponding national or regional 
standard shall be clearly indicated in the latter. 

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible 
for any equipment declared to be in conformity with one of its standards. 

6) Attention is drawn to the possibility that some of the elements of this International Standard may be 
the subject of patent rights. The IEC shall not be held responsible for identifying any or all such patent 
rights. 

International Standard IEC 60534-2-1 has been prepared by subcommittee 65B: Devices, of IEC 
technical committee 65: Industrial-process measurement and control. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

65B/347/FDIS 65B/357/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on voting 
indicated in the above table. 

The current edition of IEC 60534-2-1 cancels and replaces the first edition of both IEC 60534-2 published 
in 1978, and IEC 60534-2-2 published in 1980, which cover incompressible and compressible fluid flow, 
respectively. 
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IEC 60534-2-1 covers sizing equations for both incompressible and compressible fluid flow. 

Annexes A, B, C, D, E, F, and G are for information only. 

A bilingual version of this standard may be issued at a later date. 
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1 Scope 

ISA-75.01.01-2007 includes equations for predicting the flow coefficient of compressible and 
incompressible fluids through control valves. 

The equations for incompressible flow are based on standard hydrodynamic equations for Newtonian 
incompressible fluids. They are not intended for use when non-Newtonian fluids, fluid mixtures, slurries, 
or liquid-solid conveyance systems are encountered. 

At very low ratios of pressure differential to absolute inlet pressure (ΔP/P1), compressible fluids behave 
similarly to incompressible fluids. Under such conditions, the sizing equations for compressible flow can 
be traced to the standard hydrodynamic equations for Newtonian incompressible fluids. However, 
increasing values of ΔP/P1 result in compressibility effects that require that the basic equations be 
modified by appropriate correction factors. The equations for compressible fluids are for use with gas or 
vapor and are not intended for use with multiphase streams such as gas-liquid, vapor-liquid or gas-solid 
mixtures. 

For compressible fluid applications, this part of ISA-75.01.01-2007 is valid for all valves. However, 
manufacturers of some valves with xT ≥ 0.84 have reported minor inaccuracies (see Annex G). Caution 
must also be exercised when applying the equations for compressible fluids to gaseous mixtures of 
compounds, particularly near phase boundaries.   

The accuracy of results computed with the equations in this standard will be governed by the accuracy of 
the constituent coefficients and the process data supplied.  Methods of evaluating the coefficients used in 
the equations presented herein are given in ANSI/ISA-75.02-1996.  The stated accuracy associated with 
the coefficients in that document is ± 5% when Cv /d 2 < 0.047 N18. Reasonable accuracy can only be 
maintained for control valves if Cv /d 2 < 0.047 N18. 

2 Normative references 

The following normative documents contain provisions which, through reference in this text, constitute 
provisions of this part of ISA-75.01.01-2007. At the time of publication, the editions indicated were valid. 
All normative documents are subject to revision, and parties to agreements based on this part of  
ISA-75.01.01-2007 are encouraged to investigate the possibility of applying the most recent editions  
of the normative documents indicated below. Members of IEC and ISO maintain registers of currently  
valid International Standards. 

IEC 60534-1:2005, Industrial-process control valves – Part 1: Control valve terminology and general 
considerations 

IEC 60534-2-3:1997, Industrial-process control valves – Part 2-3: Flow capacity – Test procedures 

ANSI/ISA-75.02-1996, Control Valve Capacity Test Procedures 

ANSI/ISA-75.05.01-2000 (R2005), Control Valve Terminology 

3 Definitions 

For the purpose of ISA-75.01.01-2007, definitions given in IEC 60534-2-1 apply with the addition of the 
following: 
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3.1 valve style modifier Fd 
the ratio of the hydraulic diameter of a single flow passage to the  diameter of a circular orifice, the area 
of which is equivalent to the sum of areas of all identical flow passages at a given travel. It should be 
stated by the manufacturer as a function of travel (see Annex A). 

4 Installation 

In many industrial applications, reducers or other fittings are attached to the control valves. The effect of 
these types of fittings on the nominal flow coefficient of the control valve can be significant. A correction 
factor is introduced to account for this effect. Additional factors are introduced to take account of the fluid 
property characteristics that influence the flow capacity of a control valve. 

In sizing control valves, using the relationships presented herein, the flow coefficients calculated are 
assumed to include all head losses between points A and B, as shown in Figure 1. 

Flow

Control valve with or without attached fittings

A

Pressure
tap

l1

B

l 2 Pressure
tap

 

l1 = two nominal pipe diameters 

l2 = six nominal pipe diameters 

Figure 1 — Reference pipe section for sizing 
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5 Symbols 

Symbol Description Unit 

C Flow coefficient (Kv, Cv) Various (see IEC 60534-1)  
(see note 4) 

Ci Assumed flow coefficient for iterative purposes Various (see IEC 60534-1)  
(see note 4) 

d Nominal valve size mm (in) 
D Internal diameter of the piping mm (in) 
D1 Internal diameter of upstream piping mm (in) 
D2 Internal diameter of downstream piping mm (in) 
Do Orifice diameter mm (in) 
Fd Valve style modifier (see Annex A) Dimensionless (see note 4) 

FF Liquid critical pressure ratio factor Dimensionless 

FL Liquid pressure recovery factor of a control valve without attached fittings Dimensionless (see note 4) 

FLP Combined liquid pressure recovery factor and piping geometry factor of a control 
valve with attached fittings 

Dimensionless (see note 4) 

FP Piping geometry factor Dimensionless 

FR Reynolds number factor Dimensionless 

Fγ Specific heat ratio factor Dimensionless 
Gg Gas specific gravity (ratio of density of flowing gas to density of air with both at 

standard conditions, which is considered in this practice to be equal to the ratio of 
the molecular weight of gas to molecular weight of air 

Dimensionless 

M Molecular mass of flowing fluid kg/kg-mol (lb/lb-mol) 
N Numerical constants (see Table 1) Various (see note 1) 
P1 Inlet absolute static pressure measured at point A (see Figure 1) kPa or bar (psia)(see note 2) 

P2 Outlet absolute static pressure measured at point B (see Figure 1) kPa or bar (psia) 

Pc Absolute thermodynamic critical pressure kPa or bar (psia) 

Pr Reduced pressure (P1 /Pc) Dimensionless 

Pv Absolute vapor pressure of the liquid at inlet temperature kPa or bar (psia) 
ΔP Differential pressure between upstream and downstream pressure taps 

(P1 – P2) 
kPa or bar (psi) 

Q Volumetric flow rate (see note 5) m3/h (gpm, scfh) 
Rev Valve Reynolds number Dimensionless 
T1 Inlet absolute temperature K (R) 
Tc Absolute thermodynamic critical temperature K (R) 

Tr Reduced temperature (T1 /Tc.) Dimensionless 

ts Absolute reference temperature for standard cubic meter K (R) 
W Mass flow rate kg/h (lbsm/h) 
x Ratio of pressure differential to inlet absolute pressure (ΔP /P1) Dimensionless 

xT Pressure differential ratio factor of a control valve without attached fittings at 
choked flow 

Dimensionless (see note 4)  

xTP Pressure differential ratio factor of a control valve with attached fittings at choked 
flow 

Dimensionless (see note 4) 

Y Expansion factor Dimensionless 
Z Compressibility factor Dimensionless 
v Kinematic viscosity m2/s (cS) (see note 3) 
ρ1 Density of fluid at P1 and T1 kg/m3 (lbm/ft3) 

ρ1/ρo Relative density (ρ1/ρo = 1.0 for water at 15°C) Dimensionless 
γ Specific heat ratio Dimensionless 
ζ Velocity head loss coefficient of a reducer, expander or other fitting attached to a 

control valve or valve trim 
Dimensionless 
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ζ 1 Upstream velocity head loss coefficient of fitting Dimensionless 

ζ 2 Downstream velocity head loss coefficient of fitting Dimensionless 

ζ B1 Inlet Bernoulli coefficient Dimensionless 

ζ B2 Outlet Bernoulli coefficient Dimensionless 
NOTE 1    To determine the units for the numerical constants, dimensional analysis may be performed on the appropriate equations using 
the units given in Table 1. 
NOTE 2    1 bar = 102 kPa = 105 Pa 
NOTE 3    1 centistoke = 10–6 m2/s 
NOTE 4    These values are travel-related and should be stated by the manufacturer. 
NOTE 5    Volumetric flow rates for compressible fluids in cubic meters per hour, identified by the symbol Q, refer to normal or standard 
conditions Normal conditions are at 1013.25 mbar and 273 K Standard conditions are at 1013.25 mbar and 288.6 K (see Table 1). 

6 Sizing equations for incompressible fluids 

The equations listed below identify the relationships between flow rates, flow coefficients, related 
installation factors, and pertinent service conditions for control valves handling incompressible fluids.  
Flow coefficients may be calculated using the appropriate equation selected from the ones given below.  
A sizing flow chart for incompressible fluids is given in Annex B. 

6.1 Turbulent flow 

The equations for the flow rate of a Newtonian liquid through a control valve when operating under  
non-choked flow conditions are derived from the basic formula as given in IEC 60534-2-1. 

6.1.1 Non-choked turbulent flow 

6.1.1.1 Non-choked turbulent flow without attached fittings 

( )[ ]vFL PFPFPifApplicable   1
2 −<Δ  

The flow coefficient shall be determined by 

Eq. 1  
PN

QC
Δ

ρρ
= o1

1

/
 

NOTE 1    The numerical constant N1 depends on the units used in the general sizing equation and the type of flow coefficient:  

Kv or Cv. 

NOTE 2    An example of sizing a valve with non-choked turbulent flow without attached fittings is given in Annex E. 

6.1.1.2 Non-choked turbulent flow with attached fittings 

( ) ( )[ ]{ }vFpLP PFPFFPifApplicable   / 1
2 −<Δ  

The flow coefficient shall be determined as follows: 

Eq. 2  
PFN

QC o

Δ
ρρ

=
/1

1 p
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NOTE    Refer to 8.1 for the piping geometry factor FP. 

6.1.2 Choked turbulent flow 

The maximum rate at which flow will pass through a control valve at choked flow conditions shall be 
calculated from the following equations: 

6.1.2.1 Choked turbulent flow without attached fittings 

( )[ ]vFL PFPFPifApplicable −≥Δ 1
2  

The flow coefficient shall be determined as follows: 

Eq. 3  
vF

o

L PFPFN
QC

−
ρρ

=
1

1

1

/
 

NOTE    An example of sizing a valve with choked flow without attached fittings is given in Annex E. 

6.1.2.2 Choked turbulent flow with attached fittings 

( ) ( )[ ]vFpLP PFPFFPifApplicable −≥Δ 1
2/  

The following equation shall be used to calculate the flow coefficient: 

Eq. 4  
vF

o

LP PFPFN
QC

−
ρρ

=
1

1

1

/
 

 

6.2 Non-turbulent (laminar and transitional) flow 

The equations for the flow rate of a Newtonian liquid through a control valve when operating under non-
turbulent flow conditions are derived from the basic formula as given in IEC 60534-2-1. This equation 
is applicable if Rev < 10,000 (see Equation 28). 

6.2.1 Non-turbulent flow without attached fittings 

The flow coefficient shall be calculated as follows: 

Eq. 5  
PFN

QC
Δ

ρρ
= o

R

/1

1

 

6.2.2 Non-turbulent flow with attached fittings 

For non-turbulent flow, the effect of close-coupled reducers or other flow disturbing fittings is unknown. 
While there is no information on the laminar or transitional flow behavior of control valves installed 
between pipe reducers, the user of such valves is advised to utilize the appropriate equations for line-
sized valves in the calculation of the FR factor. This should result in conservative flow coefficients since 
additional turbulence created by reducers and expanders will further delay the onset of laminar flow. 
Therefore, it will tend to increase the respective FR factor for a given valve Reynolds number. 
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7 Sizing equations for compressible fluids 

The equations listed below identify the relationships between flow rates, flow coefficients, related 
installation factors, and pertinent service conditions for control valves handling compressible fluids. Flow 
rates for compressible fluids may be encountered in either mass or volume units and thus equations are 
necessary to handle both situations. Flow coefficients may be calculated using the appropriate equations 
selected from the following. A sizing flow chart for compressible fluids is given in Annex B. 

The flow rate of a compressible fluid varies as a function of the ratio of the pressure differential to the 
absolute inlet pressure (ΔP/P1), designated by the symbol x. At values of x near zero, the equations in 
this section can be traced to the basic Bernoulli equation for Newtonian incompressible fluids. However, 
increasing values of x result in expansion and compressibility effects that require the use of appropriate 
factors (see Buresh, Schuder, and Driskell references). 

7.1 Turbulent flow 

7.1.1 Non-choked turbulent flow 

7.1.1.1 Non-choked turbulent flow without attached fittings 

[ ]TxFxifApplicable γ<  

The flow coefficient shall be calculated using one of the following equations: 

Eq. 6  
116 ρ

=
xPYN

WC  

Eq. 7  
Mx
ZT

YPN
WC 1

18

=  

Eq. 8a  
x

ZTM
YPN

QC 1

19

=  

Eq. 8b  
x

ZTGg
YPN

QC 1

17

=  

NOTE 1    Refer to 8.5 for details of the expansion factor Y. 

NOTE 2    See Annex C for values of M. 

7.1.1.2 Non-choked turbulent flow with attached fittings 

[ ]TPxFxifApplicable γ<  
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The flow coefficient shall be determined from one of the following equations: 

Eq. 9  
116 ρ

=
xPYFN

WC
p

 

Eq. 10  
Mx
ZT

YPFN
WC 1

18 p

=  

Eq. 11a  
x

ZTM
YPFN

QC 1

19 p

=  

Eq. 11b  
x

ZTGg
YPFN

QC 1

17 p

=  

NOTE 1    Refer to 8.1 for the piping geometry factor FP. 

NOTE 2    An example of sizing a valve with non-choked turbulent flow with attached fittings is given in Annex E. 

7.1.2 Choked turbulent flow 

The maximum rate at which flow will pass through a control valve at choked flow conditions shall be 
calculated as follows: 

7.1.2.1 Choked turbulent flow without attached fittings 

[ ]TxFxifApplicable γ≥  

The flow coefficient shall be calculated from one of the following equations: 

Eq. 12  
116667.0 ρ

=
γ PxFN

WC
T

 

Eq. 13  
MxF

ZT
PN

WC
Tγ

= 1

18667.0
 

Eq. 14a  
TxF
ZTM

PN
QC

γ

= 1

19667.0
 

Eq. 14b  
TxF
ZTGg

PN
QC

γ

= 1

17667.0
 

7.1.2.2 Choked turbulent flow with attached fittings 

[ ]TPxFxifApplicable γ≥  
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The flow coefficient shall be determined using one of the following equations: 

Eq. 15  
116667.0 ρ

=
γ PxFFN

WC
TPp

 

Eq. 16  
MxF

ZT
PFN

WC
TPp γ

= 1

18667.0
 

Eq. 17a  
TPp xF
ZTM

PFN
QC

γ

= 1

19667.0
 

Eq. 17b  
TPp xF
ZTGg

PFN
QC

γ

= 1

17667.0
 

7.2 Non-turbulent (laminar and transitional) flow 

The equations for the flow rate of a Newtonian fluid through a control valve when operating under  
non-turbulent flow conditions are derived from the basic formula as given in IEC 60534-2-1. These 
equations are applicable if Rev < 10,000 (see Equation 28). In this subclause, density correction of  
the gas is given by (P1 + P2) / 2 due to non-isentropic expansion. 

7.2.1 Non-turbulent flow without attached fittings 

The flow coefficient shall be calculated from one of the following equations: 

Eq. 18  ( )MPPP
T

FN
WC

21

1

27 +Δ
=

R

 

Eq. 19  ( )21

1

22 PPP
TM

FN
QC

+Δ
=

R

 

NOTE    An example of sizing a valve with small flow trim is given in Annex D. 

7.2.2 Non-turbulent flow with attached fittings 

For non-turbulent flow, the effect of close-coupled reducers or other flow-disturbing fittings is unknown. 
While there is no information on the laminar or transitional flow behavior of control valves installed 
between pipe reducers, the user of such valves is advised to utilize the appropriate equations for line-
sized valves in the calculation of the FR factor. This should result in conservative flow coefficients since 
additional turbulence created by reducers and expanders will further delay the onset of laminar flow. 
Therefore, it will tend to increase the respective FR factor for a given valve Reynolds number. 
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8 Determination of correction factors 

8.1 Piping geometry factor FP 

The piping geometry factor FP is necessary to account for fittings attached upstream and/or downstream 
to a control valve body. The FP factor is the ratio of the flow rate through a control valve installed with 
attached fittings to the flow rate that would result if the control valve was installed without attached fittings 
and tested under identical conditions which will not produce choked flow in either installation (see  
Figure 1). To meet the accuracy of the FP factor of ±5%, the FP factor shall be determined by test in 
accordance with ANSI/ISA-75.02-1996. 

When estimated values are permissible, the following equation shall be used: 

Eq. 20  
2

2
2

1

1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ζΣ
+

=

d
C

N

F
i

p  

In this equation, the factor Σζ  is the algebraic sum of all of the effective velocity head loss coefficients of 
all fittings attached to the control valve. The velocity head loss coefficient of the control valve itself is not 
included. 

Eq. 21  2121 BB ζ−ζ+ζ+ζ=ζΣ  

In cases where the piping diameters approaching and leaving the control valve are different, the ζ B 
coefficients are calculated as follows: 

Eq. 22  
4

1 ⎟
⎠

⎞
⎜
⎝

⎛−=ζ
D
d

B  

If the inlet and outlet fittings are short-length, commercially available, concentric reducers, the ζ 1 and ζ 2 
coefficients may be approximated as follows: 

Eq. 23  Inlet reducer: 

22

1
1 1 5.0

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=ζ

D
d  

Eq. 24  Outlet reducer (expander): 

22

2
2 1 0.1

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=ζ

D
d  

Eq. 25  Inlet and outlet reducers of equal size: 
22

21 1 5.1
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛−=ζ+ζ
D
d  

The FP values calculated with the above ζ  factors generally lead to the selection of valve capacities 
slightly larger than required. This calculation requires iteration. Proceed by calculating the flow  
coefficient C for non-choked turbulent flow. 

NOTE    Choked flow equations and equations involving FP are not applicable. 
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Next, establish Ci as follows: 

Eq. 26  CC 3.1=i  

Using Ci from Equation 26, determine FP from Equation 20. If both ends of the valve are the same size, 
FP may instead be determined from Figure 2a or 2b. Then, determine if 

Eq. 27  iC
F
C

≤
p

 

If the condition of Equation 27 is satisfied, then use the Ci established from Equation 26. If the condition 
of Equation 27 is not met, then repeat the above procedure by again increasing Ci by 30%. This may 
require several iterations until the condition required in Equation 27 is met. An iteration method more 
suitable for computers can be found in Annex B. 

For graphical approximations of FP, refer to Figures 2a and 2b. 

8.2 Reynolds number factor FR 

The Reynolds number factor FR is required when non-turbulent flow conditions are established through a 
control valve because of a low pressure differential, a high viscosity, a very small flow coefficient, or a 
combination thereof. 

The FR factor is determined by dividing the flow rate when non-turbulent flow conditions exist by the flow 
rate measured in the same installation under turbulent conditions. 

Tests show that FR can be determined from the curves given in Figure 3a or 3b using a valve Reynolds 
number calculated from the following equation: 

Eq. 28  
4/1

4
2

22
4 1⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

ν
=

DN
CF

FC

QFN iL

Li

d
vRe  

This calculation will require iteration. Proceed by calculating the flow coefficient C for turbulent flow. The 
valve style modifier Fd converts the geometry of the orifice(s) to an equivalent circular single flow 
passage. See Table 2 for typical values and Annex A for details. To meet a deviation of ±5% for Fd, the 
Fd factor shall be determined by test in accordance with IEC 60534-2-3. 

NOTE    Equations involving FP are not applicable. 

Next, establish Ci  as per Equation 26. 

Apply Ci  as per Equation 26 and determine FR.  FR is determined from Figure 3a for full-size trim valves. 

FR is determined from Figure 3b for reduced trim valves where Ci /d
 2 at rated travel is less than 0.016 

N18.  

Eq. 29  iC
F
C

≤
R
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If the condition of Equation 29 is satisfied, then use the Ci established from Equation 26. If the condition 
of Equation 29 is not met, then repeat the above equation by again increasing Ci by 30 percent. This may 
require several iterations until the conditions required in Equation 29 are met. 

The equations defining nonturbulent flow for full size and reduced trim valves are stated in Annex F. 

8.3 Liquid pressure recovery factors FL or FLP 

8.3.1 Liquid pressure recovery factor without attached fittings FL 

FL is the liquid pressure recovery factor of the valve without attached fittings. This factor accounts for the 
influence of the valve internal geometry on the valve capacity at choked flow. It is defined as the ratio of 
the actual maximum flow rate under choked flow conditions to a theoretical, non-choked flow rate which 
would be calculated if the pressure differential used was the difference between the valve inlet pressure 
and the apparent vena contracta pressure at choked flow conditions. The factor FL may be determined 
from tests in accordance with ANSI/ISA-75.02-1996. Typical values of FL versus percent of rated flow 
coefficient are shown in Figure 4. 

8.3.2 Combined liquid pressure recovery factor and piping geometry factor with attached fittings FLP 

FLP is the combined liquid pressure recovery factor and piping geometry factor for a control valve with 
attached fittings. It is obtained in the same manner as FL. 

To meet a deviation of ±5% for FLP, FLP shall be determined by testing. When estimated values are 
permissible, the following equation shall be used: 

Eq. 30  

( )
2

21
2

2

1 ⎟
⎠

⎞
⎜
⎝

⎛ζΣ+

=

d
C

N
F

F
F

L

L
LP  

Here Σζ 1is the velocity head loss coefficient, ζ 1 + ζ B1, of the fitting attached upstream of the valve as 
measured between the upstream pressure tap and the control valve body inlet. 

8.4 Liquid critical pressure ratio factor FF 

FF is the liquid critical pressure ratio factor. This factor is the ratio of the apparent vena contracta 
pressure at choked flow conditions to the vapor pressure of the liquid at inlet temperature. At vapor 
pressures near zero, this factor is 0.96. 

Values of FF may be determined from the curve in Figure 5 or approximated from the following equation: 

Eq. 31  
c

v
F P

PF 28.096.0 −=  
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8.5 Expansion factor Y 

The expansion factor Y accounts for the change in density as the fluid passes from the valve inlet to the 
vena contracta (the location just downstream of the orifice where the jet stream area is a minimum). It 
also accounts for the change in the vena contracta area as the pressure differential is varied. 

Theoretically, Y is affected by all of the following: 

a) ratio of port area to body inlet area; 

b) shape of the flow path; 

c) pressure differential ratio x ; 

d) Reynolds number; and 

e) specific heat ratio γ. 

The influence of items a), b), c), and e) is accounted for by the pressure differential ratio factor xT, which 
may be established by air test and which is discussed in 8.6.1. 

The Reynolds number is the ratio of inertial to viscous forces at the control valve orifice. In the case of 
compressible flow, its value is generally beyond the range of influence, except where the flow rate or the 
Cv is very low or a combination of both exist (see 7.2 and 8.2). 

The pressure differential ratio xT is influenced by the specific heat ratio of the fluid. 

Y may be calculated using Equation 32. 

Eq. 32  
TxF

xY
γ

−=
3

1  

The value of x for calculation purposes shall not exceed Fγ xT. If x > Fγ xT, then the flow becomes choked 
and Y = 0.667. See 8.6 and 8.7 for information on x, xT and Fγ. 

8.6 Pressure differential ratio factor xT or xTP 

8.6.1 Pressure differential ratio factor without fittings xT 

xT is the pressure differential ratio factor of a control valve installed without reducers or other fittings. If 
the inlet pressure P1 is held constant and the outlet pressure P2 is progressively lowered, the mass flow 
rate through a valve will increase to a maximum limit, a condition referred to as choked flow. Further 
reductions in P2 will produce no further increase in flow rate. 

This limit is reached when the pressure differential x reaches a value of Fγ xT. The limiting value of x is 
defined as the critical differential pressure ratio. The value of x used in any of the sizing equations and in 
the relationship for Y (Equation 32) shall be held to this limit even though the actual pressure differential 
ratio is greater. Thus, the numerical value of Y may range from 0.667, when x = Fγ xT, to 1.0 for very low 
differential pressures. 
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The values of xT may be established by air test. The test procedure for this determination is covered in 
ANSI/ISA-75.02-1996. 

NOTE    Representative values of xT for several types of control valves with full size trim and at full rated openings are given in 
Table 2. Caution should be exercised in the use of this information. When precise values are required, they should be obtained by 
test. 

8.6.2 Pressure differential ratio factor with attached fittings xTP 

If a control valve is installed with attached fittings, the value of xT will be affected. 

To meet a deviation of ±5% for xTP, the valve and attached fittings shall be tested as a unit. When 
estimated values are permissible, the following equation shall be used: 

Eq. 33  
2

2
5

2

1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ζ
+

=

d
C

N
x

F
x

x
iiT

p

T

TP  

NOTE    Values for N5 are given in Table 1. 

In the above relationship, xT is the pressure differential ratio factor for a control valve installed without 
reducers or other fittings. ζ i is the sum of the inlet velocity head loss coefficients (ζ 1 + ζ B1) of the reducer 
or other fitting attached to the inlet face of the valve. 

If the inlet fitting is a short-length, commercially available reducer, the value of ζ  may be estimated using 
Equation 23. 

8.7 Specific heat ratio factor Fγ 

The factor xT is based on air near atmospheric pressure as the flowing fluid with a specific heat ratio of 
1.40. If the specific heat ratio for the flowing fluid is not 1.40, the factor Fγ  is used to adjust xT. Use the 
following equation to calculate the specific heat ratio factor: 

Eq. 34  
40.1
γ

=γF  

NOTE    See Annex C for values of γ and Fγ. 

8.8 Compressibility factor Z 

Several of the sizing equations do not contain a term for the actual density of the fluid at upstream 
conditions. Instead, the density is inferred from the inlet pressure and temperature based on the laws of 
ideal gases. Under some conditions, real gas behavior can deviate markedly from the ideal. In these 
cases, the compressibility factor Z shall be introduced to compensate for the discrepancy. Z is a  
function of both the reduced pressure and reduced temperature (see appropriate reference books to 
determine Z ). Reduced pressure Pr is defined as the ratio of the actual inlet absolute pressure to the 
absolute thermodynamic critical pressure for the fluid in question. The reduced temperature Tr is defined 
similarly. That is 
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Eq. 35  
c

r P
P

P 1=  

Eq. 36  
c

r T
TT 1=  

NOTE    See Annex C for values of Pc and Tc. 
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Table 1 — Numerical constants N 

 Flow coefficient C Formulae unit 
Constant Kv Cv W Q P, ΔP ρ T d, D ν 

N1 1 × 10–1 

1 
8.65 × 10–2 

8.65 × 10–1 

1 

– 
– 
– 

m3/h
m3/h
gpm 

kPa 
bar 
psia 

 

 

 

– 
– 
– 

– 
– 
– 

– 
– 
– 

N2 1.60 × 10–3 2.14 × 10–3 

8.90 × 102 
– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

mm 
in 

– 
– 

N4 7.07 × 10–2 7.60 × 10–2 

1.73 × 104 

2.153 × 103 

– 
– 
– 

m3/h
gpm 
scfh 

– 
– 
– 

– 
– 
– 

– 
– 
– 

– 
– 
– 

m2/s 
cS 
cS 

N5 1.80 × 10–3 2.41 × 10–3 

1.00 × 103 
– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

mm 
in 

– 
– 

N6 3.16 
3.16 × 101 

2.73 
2.73 × 101 

6.33 × 101 

kg/h 
kg/h 

lbm/h 

– 
– 
– 

kPa 
bar 
psia 

kg/m3 

kg/m3 

lbm/ft3 

– 
– 
– 

– 
– 
– 

– 
– 
– 

N7 

(t = 15.6°C) 
4.82 

4.82 x 102 
4.17 

4.17 × 102  
1.36 x 103 

– 
– 
– 

m3/h
m3/h
scfh 

kPa 
bar 
psia 

– 
– 
– 

–K 
–K 
–R 

– 
– 
– 

– 
– 
– 

N8 1.10 
1.10 × 102 

9.48 × 10–1 

9.48 × 101 

1.93 × 101 

kg/h 
kg/h 

lbm/h 

– 
– 
– 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N9 

(t = 0°C) 

2.46 × 101 

2.46 × 103 
2.12 × 101 

2.12 × 103 
6.94 × 103 

– 
– 
– 

m3/h
m3/h
scfh 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N9 

(ts = 15°C) 

2.60 × 101 

2.60 × 103 
2.25 × 101 

2.25 × 103 

7.32 × 103 

– 
– 
– 

m3/h
m3/h
scfh 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N18 8.65 × 10–1 1.00 
6.45 × 102 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

mm 
in 

– 
– 

N19 2.5 2.3 
9.06 × 10–2 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

mm 
in 

– 
– 

N22 

(ts = 0°C) 

1.73 × 101 

1.73 × 103 
1.50 × 101 

1.50 × 103 

4.92 × 103 

– 
– 
– 

m3/h
m3/h
scfh 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N22 

(ts = 15°C) 

1.84 × 101 

1.84 × 103 
1.59 × 101 

1.59 × 103 

5.20 × 103 

– 
– 
– 

m3/h
m3/h
scfh 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N27 

(ts = 0°C) 
7.75 × 10–1 

7.75 × 101 
6.70 × 10–1 

6.70 × 10+1 

1.37 × 101 

kg/h 
kg/h 

lbm/h 

– 
– 
– 

kPa 
bar 
psia 

– 
– 
– 

K 
K 
R 

– 
– 
– 

– 
– 
– 

N32 1.40 x 102 1.27 × 102 
1.70 x 101 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

mm 
in 

– 
– 

NOTE    Use of the numerical constants provided in this table together with the practical metric and US units specified in the table 
will yield flow coefficients in the units in which they are defined. 
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Table 2 — Typical values of valve style modifier Fd, liquid pressure recovery 

factor FL, and pressure differential ratio factor xT at full rated travel 1) 

Valve type Trim type Flow direction 2) FL xT Fd 

3 V-port plug Open or close 0.9 0.70 0.48 
4 V-port plug Open or close 0.9 0.70 0.41 
6 V-port plug Open or close 0.9 0.70 0.30 
Contoured plug (linear and 
equal percentage) 

Open 
Close 

0.9 
0.8 

0.72 
0.55 

0.46 
1.00 

60 equal diameter hole 
drilled cage 

Outward 3) or 
inward 3) 

0.9 0.68 0.13 

120 equal diameter hole 
drilled cage 

Outward 3) or 
inward 3) 

0.9 0.68 0.09 

Globe, 
single port 

Characterized cage, 4-port Outward 3) 

Inward 3) 
0.9 

0.85 
0.75 
0.70 

0.41 
0.41 

Ported plug Inlet between seats 0.9 0.75 0.28 Globe, 
double port Contoured plug Either direction 0.85 0.70 0.32 

Contoured plug (linear and 
equal percentage) 

Open 
Close 

0.9 
0.8 

0.72 
0.65 

0.46 
1.00 

Characterized cage, 4-port Outward 3) 

Inward 3) 
0.9 

  0.85 
0.65 
0.60 

0.41 
0.41 

Globe, angle 

Venturi Close 0.5 0.20 1.00 
V-notch Open 0.98 0.84 0.70 
Flat seat (short travel) Close 0.85 0.70 0.30 

Globe, small 
flow trim 

Tapered needle Open 0.95 0.84 

o

5.0
L

19
)(

D
CF

N  

Eccentric spherical plug Open 
Close 

0.85 
0.68 

0.60 
0.40 

0.42 
0.42 

Rotary 

Eccentric conical plug Open 
Close 

0.77 
0.79 

0.54 
0.55 

0.44 
0.44 

Swing-through (70°)  Either 0.62 0.35 0.57 
Swing-through (60°) Either 0.70 0.42 0.50 

Butterfly  
(centered shaft) 

Fluted vane (70°) Either 0.67 0.38 0.30 
High 
Performance 
Butterfly 
(eccentric shaft) 

Offset seat (70°) Either 0.67 0.35 0.57 

Full bore (70°) Either 0.74 0.42 0.99 Ball 

Segmented ball Either 0.60 0.30 0.98 
1) These values are typical only; actual values shall be stated by the valve manufacturer. 
2) Flow tends to open or close the valve, i.e. push the closure device (plug, ball, or disc) away from or towards the seat. 
3) Outward means flow from center of cage to outside, and inward means flow from outside of cage to center. 
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NOTE 1    Pipe diameter D is the same size at both ends of the valve (see Equation 25). 

NOTE 2    Refer to Annex E for example of the use of these curves. 

Figure 2a — Piping geometry factor FP for K v / d 
2
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NOTE 1    Pipe diameter D is the same size at both ends of the valve (see Equation 25). 

NOTE 2    Refer to Annex E for example of the use of these curves. 

Figure 2b — Piping geometry factor FP for Cv / d 
2 
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Curve 1 is for Ci /d  2 = 0.016 N18  and FL= 0.9 

Curve 2 is for Ci /d  2 = 0.023 N18 and FL= 0.8 

Curve 3 is for Ci /d  2 = 0.033 N18 and FL= 0.7 

Curve 4 is for Ci /d  2 = 0.047 N18 and FL= 0.6 

The FL values shown are considered typical for the respective Ci /d 2 ratios. 

 

Figure 3a — Reynolds number factor FR for full-size trim valves 

(reference Annex F) 
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Curve 1 is for Ci /d  2 = 0.00444 N18 
Curve 2 is for Ci /d  2 = 0.00222 N18  
Curve 3 is for Ci /d  2 = 0.00044 N18 

Curve 4 is for Ci /d  2 ≤ 0.0000004 N18  
Curves are based on FL being approximately 1.0. 

 

Figure 3b — Reynolds number factor FR for reduced trim valves 

(applicable to low flow / small Cv control valves) 

(reference Annex F) 

 

 

Curve 1 Curve 2

Curve 3

Curve 4
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Figure 4a — Double seated globe valves and cage guided globe valves 

(see legend) 
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Figure 4b — Butterfly valves and contoured plug, low flow valves (see legend) 
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Figure 4c — Contoured globe valves, eccentric spherical plug valves, 

and segmented ball valves (see legend) 
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Figure 4d — Eccentric conical plug valves (see legend) 

Legend 

1 Double seated globe valve, V-port plug 
 

8 Single port, equal percentage, contoured globe 
 valve, flow-to-close 

2 Ported cage guided globe valve (flow-to-open 
 and flow-to-close) 

9 Eccentric spherical plug valve, flow-to-open 

3 Double seated globe valve, contoured plug 10 Eccentric spherical plug valve, flow-to-close 
4 Offset seat butterfly valve 11 Segmented ball valve 
5 Swing-through butterfly valve 12 Eccentric conical plug valve, flow-to-open 
6 Contoured plug, low flow valve 13 Eccentric conical plug valve, flow-to-close 
7 Single port, equal percentage, contoured globe  
 valve, flow-to-open 

 

NOTE    These values are typical only; actual values shall be stated by the manufacturer. 
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Figure 5 — Liquid critical pressure ratio factor FF 
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Annex A (informative) — Derivation of valve style modifier Fd 

All variables in this annex have been defined in this part except for the following: 

Ao area of vena contracta of a single flow passage, millimeters squared; 

dH hydraulic diameter of a single flow passage, millimeters; 

di inside diameter of annular flow passage (see Figure A.1), millimeters; 

do equivalent circular diameter of the total flow area, millimeters; 

Do diameter of seat orifice (see Figures A.1 and A.2), millimeters; 

lw wetted perimeter of a single flow passage, millimeters; 

No number of independent and identical flow passages of a trim, dimensionless; 

α angular rotation of closure member (see Figure A.2), degrees; 

β maximum angular rotation of closure member (see Figure A.2), degrees; 

ζ B1 velocity of approach factor, dimensionless; and 

μ discharge coefficient, dimensionless. 

The valve style modifier Fd, defined as the ratio dH /do at rated travel and where Ci /d
 2 > 0.016 N18, 

may be derived from flow tests using the following equation: 

Eq. A.1  
( )

4/1

4
2

22

2222
26

1

/

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

ν
=

DN
CF

Q

FCdCFFN
F

L

LRL
d  

For valves having Ci /d
 2 ≤ 0.016 N18, Fd is calculated as follows: 

Eq. A.2  

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛+

ν
=

3/2

232

22
31

  1
d
CNQ

FCFFN
F LRL

d  

NOTE    Values for N26 and N32 are listed in Table A.1. 

The test for determining Fd is covered in IEC 60534-2-3. 



IISA-75.01.01-2007 (IEC 60534-2-1 Mod) - 36 - 

Copyright 2007 ISA. All rights reserved. 

Alternatively, Fd can be calculated by the following equation: 

Eq. A.3  
o

H
d d

d
F =  

The hydraulic diameter dH of a single flow passage is determined as follows: 

Eq. A.4  
w

o
H l

A
d

 4
=  

The equivalent circular diameter do of the total flow area is given by the following equation: 

Eq. A.5  
π

= oo
o

AN
d

4
 

Fd may be estimated with sufficient accuracy from dimensions given in manufacturers’ drawings. 

The valve style modifier for a single-seated, parabolic valve plug (flow tending to open) (see  
Figure A.1) may be calculated from Equation A.3. 

From Darcey's equation, the area Ao is calculated from the following equation: 

Eq. A.6  
o

L
o N

FCN
A 23=  

NOTE    Values for N23 are listed in Table A.1. 

Therefore, since No = 1, 

Eq. A.7  
π

= o
o

A
d

4
 

  
π

= LFCN 234
 

Eq. A.8  
w

o
H l

A
d

4
=  

  ( )io

L

dD
FCN

+π
= 234
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From above, 

Eq. A.3  
o

H
d d

d
F =  

  
( )

π

⎥
⎦

⎤
⎢
⎣

⎡
+π

=
L

io

L

FCN

dD
FCN

23

23

4

4

 

Eq. A.9  
io

L

dD
FCN

+
= 2313.1

 

where di varies with the flow coefficient. The diameter di is assumed to be equal to zero when  
N23CFL = Do

2. At low C values, di ≈ Do ; therefore, 

Eq A.10  
o

L
oi D

FCN
Dd 23−=  

Eq. A.11 

o

L
o

L
d

D
FCN

D

FCN
F

23

23

2

13.1

−
=  

The maximum Fd is 1.0. 

For swing-through butterfly valves, see Figure A.2. 

The effective orifice diameter is assumed to be the hydraulic diameter of one of the two jets emanating 
from the flow areas between the disk and valve body bore; hence No = 2. 

The flow coefficient C at choked or sonic flow conditions is given as 

Eq. A.12 
( )

1

21
2

23
sin

sin1125.0

B

o

L ζ

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
β

α−
μ+μπ

=
D

FCN  

Assuming the velocity of approach factor ζ B1 = 1, making μ 1 = 0.7 and μ 2 = 0.7, and substituting 
equation A.6 into Equation A.12 yields Equation A.13. 

Eq. A.13 
o

o

o N

D
A

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
β

α−

=
sin

sin155.0 2
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and since β = 90° for swing-through butterfly valves,  

Eq. A.14 
( )
o

o
o N

D
A

α−
=

sin155.0 2

 

However, since there are two equal flow areas in parallel, 

Eq. A.15 ( )α−= sin1275.0 2
oo DA  

and  
π

= oo
o

NA
d

4
 

Eq. A.16 α−= sin1837.0 oD  

  
o

o
H D

A
d

π
=

59.0
4

 

Eq. A.17 ( )α−= sin159.0 oD  

NOTE    0.59 π Do is taken as the wetted perimeter l w of each semi-circle allowing for jet contraction and hub. 

Eq. A.3  
o

H
d d

d
F =  

which results in 

Eq. A.18 α−= sin17.0dF  

 

Table A.1 — Numerical constant N 

 Flow coefficient C Formulae unit 

Constant Kv Cv Q d ν 

N23 1.96 × 101 1.70 × 101 

2.63 × 10–2 
– 
– 

mm 
in 

– 
– 

N26 1.28 × 107 9.00 × 106 

9.52 × 10–5 
m3/h 
gpm 

mm 
in 

m2/s 
cS 

N31 2.1 × 104 1.9 × 104 

8.37 × 10–2 
m3/h 
gpm 

mm 
in 

m2/s 
cS 

NOTE    Use of the numerical constant provided in this table together with the practical metric units specified in the table will 
yield flow coefficients in the units in which they are defined. 
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Figure A.1 — Single seated, parabolic plug (flow tending to open) 
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Figure A.2 — Swing-through butterfly valve 
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Annex B (informative) — Control valve sizing flow charts 

Start

SelectFL
using valve type

and size *

CalculateFF
using eq. 31

ΔP  < FL
2(P1− FFPv)

Non-choked flow
CalculateC
using eq. 1

Choked flow
CalculateC
using eq. 3

CalculateRev using eq. 28
Use C as Ci

Use Fd from table 2

Rev > 10, 000

Valve size
= pipe size

Use
calculated C

FP = 1
Ci = C

Calculate
FP(Ci)
FLP(Ci)

ΔP =>
(FLP/FP)2(P1 − FFPv)

CalculateC
using eq. 4

Ci/C < 0.99

Use
calculated C

Ci = C

CalculateC
using eq. 2

Yes No

Yes

Yes

No

No

Yes

* When in doubt, use inlet
pipe size as valve size

B.1  Incompressible fluids

Yes

No

(continued)

No
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Non-turbulent flow 
 Establish C i    = 1.3 C

Calculate Re v 

using eq. 28 

C / d 2  > 0.016 N 18 

Calculate FR from Figure 3a or
3b or as the lower value of  

eq. F.3a & eq. F.4 from 

from F.4 from Annex F.] 

C / F R  =< C i 

Use C as flow 
coefficent 

No

Yes 

Increase C i 

i 

by 30 % 
No 

Yes 

B.1  Incompressible fluids (continued)

(continued) 

Calculate FR from Figure 3a or  
3b or as the lower value of eq.  

F.1a  & eq. F.2 from  
Annex F. [If Rev < 10, use FR  from 

F.2 from  Annex F. 

Annex F.  [If Rev<10, use FR 
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Start

Select xT
using valve type

and size *

Calculate Fγ
using eq. 34

x < FγxT

Non-choked flow
Calculate Y
using eq. 32

Calculate C
using 6, 7 or 8

Choked flow
Y = 0.667

Calculate C using
eq. 12, 13 or

14

Calculate Rev using eq. 28
Use C as Ci

Use Fd from table 2

Rev > 10,000

Valve size
= pipe size

Use
calculated C

FP = 1
Ci = C

Calculate
FP(Ci)
xTP(Ci)

x => FγxTP

Calculate C
using eq. 15, 16

or 17

Ci/C < 0.99

Use
calculated C

Ci = C

Calculate C
using eq. 9, 10

or 11

Yes No

No

Yes

Yes

No

No

Yes

* When in doubt, use inlet
pipe size as valve size

B.2  Compressible fluids

Yes

No

(continued)
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Non-turbulent flow 
Establish  C i =1.3 C 

Calculate Re v 

using eq. (28) 

C / d 2  > 0.016 N 18 

Calculate FR from Figure 3a or
3b or as the lower value of  

eq. F.3a & eq.F.4 from 

from F.4 from Annex F.] 

C / F R  =< C i 

Use C as flow 
coefficent 

No

Yes 

Increase C i 

i 

by 30 % 
No 

Yes 

B.2  Compressible fluids continued 

(continued) 

Calculate FR from Figure 3a or  
3b or as the lower value of eq. 

F.1a  & eq. F.2 from  
Annex F. [If Rev < 10, use FR from 

F.2 from  Annex F. 

Annex F.  [If Rev<10, use FR 
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Annex C (informative) — Physical constants 1) 

Gas or vapor Symbol M γ Fγ Pc2) Tc3) 

Acetylene C2H2 26.04 1.30 0.929   6,140 309 
Air – 28.97 1.40 1.000   3,771 133 
Ammonia NH3 17.03 1.32 0.943  11,400 406 
Argon A 39.948 1.67 1.191 4,870 151 
Benzene C6H6 78.11 1.12 0.800 4,924 562 
Isobutane C4H9 58.12 1.10 0.784 3,638 408 
n-Butane C4H10 58.12 1.11 0.793 3,800 425 
Isobutylene C4H8 56.11 1.11 0.790 4,000 418 
Carbon dioxide CO2 44.01 1.30 0.929 7,387 304 
Carbon monoxide CO 28.01 1.40 1.000 3,496 133 
Chlorine Cl2 70.906 1.31 0.934 7,980 417 
Ethane C2H6 30.07 1.22 0.871 4,884 305 
Ethylene C2H4 28.05 1.22 0.871 5,040 283 
Fluorine F2 18.998 1.36 0.970 5,215 144 
Freon 11 (trichloromonofluormethane) CCl3F 137.37 1.14 0.811 4,409 471 
Freon 12 (dichlorodifluoromethane) CCl2F2 120.91 1.13 0.807 4,114 385 
Freon 13 (chlorotrifluoromethane) CClF 104.46 1.14 0.814 3,869 302 
Freon 22 (chlorodifluoromethane) CHClF2 80.47 1.18 0.846 4,977 369 
Helium He 4.003 1.66 1.186 229 5.25 
n-Heptane C7H16 100.20 1.05 0.750 2,736 540 
Hydrogen H2 2.016 1.41 1.007 1,297 33.25 
Hydrogen chloride HCl 36.46 1.41 1.007 8,319 325 
Hydrogen fluoride HF 20.01 0.97 0.691 6,485 461 
Methane CH4 16.04 1.32 0.943 4,600 191 
Methyl chloride CH3Cl 50.49 1.24 0.889 6,677 417 
Natural gas 4) – 17.74 1.27 0.907 4,634 203 
Neon Ne 20.179 1.64 1.171 2,726 44.45 
Nitric oxide NO 63.01 1.40 1.000 6,485 180 
Nitrogen N2 28.013 1.40 1.000 3,394 126 
Octane C8H18 114.23 1.66 1.186 2,513 569 
Oxygen O2 32.000 1.40 1.000 5,040 155 
Pentane C5H12 72.15 1.06 0.757 3,374 470 
Propane C3H8 44.10 1.15 0.821 4,256 370 
Propylene C3H6 42.08 1.14 0.814 4,600 365 
Saturated steam – 18.016 1.25 – 

  1.32 4) 
0.893 – 
0.943 4) 

22,119 647 

Sulphur dioxide SO2 64.06 1.26 0.900 7,822 430 
Superheated steam – 18.016 1.315 0.939 22,119 647 

1) Constants are for fluids (except for steam) at ambient temperature and atmospheric pressure. 
2) Pressure units are kPa (absolute). 
3) Temperature units are in K. 
4) Representative values; exact characteristics require knowledge of exact constituents. 
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Annex D (informative) — Alternate non-turbulent flow calculation method 

The following explicit calculation method may be used for liquids to compute the Reynolds Number 
Factor, FR, for valves where Cv /d 2 is less than 30 when d is in inches; Q = U.S. gpm; ΔP is in psi. 

D.1 Calculate a pseudo-Revi 

Eq. D.1  
4/1

4
2

2
vT

vT
4vi

8.0
1

9.0 ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

ν
=

dN
C

C
QNRe  

where 

Eq. D.2  
P

G
QC

Δ
= f

vT  

NOTE    This calculation assumes the valve is a globe-type valve with an FL of 0.9. 

D.2 Calculate a preliminary laminar flow coefficient, CvLi 

Eq. D.3  
3/2

vi

vT
vLi

019.0 Re
C

C =  

If CvLi /d 2 < 0.1, then go to step D.4. 

D.3 Calculate exponent, n: 

NOTE    Choose the rated FL and Fd values for a selected valve type based on the preliminary laminar flow coefficient CvLi from 
Equation D.3.  

Eq. D.4  

2

7.0

L
vLi

2

1
9.0

9.29

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

F
C

dn  

Eq. D.5  

3/27.0

L
2

vLi
2

9.07.11
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

Fd
C

n  

Eq. D.6  
⎩
⎨
⎧

>
≤

=
9
9

12

11

nifn
nifn

n  

NOTE    Neither n nor n2 should be less than 1.0.  
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D.4 Compute laminar flow coefficient  

If 0.1 < CvLi /d 2 < 30 then 

Eq. D.7  6/1

4
2

2
L

2
vLi

667.1
L

3/2

d

f

vL

1

192.0

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ

=

dN
FC

F
nPF

QG

C

ν

 

If CvLi /d 2 < 0.1, then 

Eq. D.8  667.1
L

3/2

d

f
vL 194.0 F

PF
QG

C ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ

ν
=  

For needle-type trims, where 

o

Lν
d 09.0

D
FC

F =  

then, 

Eq. D.9  
5.0

o
fvL 973.0 ⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ

=
P

D
QGC  

where Do is the orifice diameter in inches.  

D.5 Compute transitional flow coefficient 

Eq. D.10 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ν⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

=

5.0
L

5.0
vL

d25.0

5.0
L

vT
vLt

73.1log33.01
FC

QF
n
F

C
C  

NOTE    The value of n in the above equation should be determined from the Equations D.4 and D.5 but using CvL as calculated 

from Equations D.7 or D.8 instead of CvLi.  For CvLi  /d 2 < 0.1 use n =1 

For CvLi /d 2  < 0.1 and needle-type trims: 

Eq. D.11 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ν

+Δ

=

o

5.0

5.0
f

vLt
156.0log33.01
D

QP

QG
C  
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D.6 Determine sizing flow coefficient 

The largest of the turbulent flow coefficient, CvT, transitional flow coefficient, CvLt, or laminar flow 
coefficient, CvL, should be used for selecting the correct valve size. 

D.7 Calculating the flow coefficient for gases 

NOTE    q = scfh, μ= absolute viscosity of gas at inlet temperature in centipoise, Gg = specific gravity of gas.  Determine CvT  from 
Equation D.7 to D.9, or D.12 to D.15. 

If CvT /d 2 < 0.1, then: 

Assuming Laminar Flow 

Eq. D.12 
gd

5.0
vTvT

vL
0423.0 GqF

CC
C

μ
=  

For needle-type trims, where 

  
o

L
d 09.0

D
FC

F ν=  

then, 

Eq. D.13 
g

ovT
vL

0127.0 qG

DC
C

μ
=  

Assuming Transitional Flow 

Eq. D.14 
18.0

gd
4

5.0
vT

vTvLt 10x65.2 ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ μ
=

− qGF
C

CC  

For needle-type trims, 

Eq. D.15 
18.0

g
5

o
vTvLT 10x38.2 ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡ μ
=

− qG
D

CC  

For sizing purposes, select the larger of the turbulent (CvT ), the laminar (CvL ), or the transitional flow 
Coefficient (CvLt ). 

Example: 

A 1/2” valve is required to pass 16.2 scfh gas at Gg = 1.34; μ= 0.0215 cP; P1 = 190 psia, and P2 = 170 
psia. CvT calculated from the above is 0.005.  The manufacturer stated orifice diameter Do is 0.197 
inches and a tapered, needle-type trim is used. 

Here Cv /d 2 = 0.005/0.52 <  0.1, so we can use Equations D.13 and D.15, respectively. 
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Assuming Laminar Flow 

0055.0
16.2x1.34 0127.0

197.0x0215.0005.0
vL ==C  

Assuming Transitional Flow 

0073.0
34.1x2.16x1038.2

197.0x0215.0005.0
18.0

5LTv =⎥
⎦

⎤
⎢
⎣

⎡
= −x

C  

Since CvLt is larger, the selected trim size has to be 0.0073 or larger. 

Reference Hans D. Baumann, “Control-Valve Sizing Improved,” INTECH, June 1999, pp. 54-57. 
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Annex E (informative) — Examples of sizing calculations 

Example 1: Incompressible flow – non-choked turbulent flow without attached fittings 

Process data: 

Fluid:     water 

Inlet temperature:   T1 = 363 K 

Density:    ρ1 = 965.4 kg/m3 

Vapor pressure:    Pv = 70.1 kPa 

Thermodynamic critical pressure: Pc = 22,120 kPa 

Kinematic viscosity:   ν = 3.26 × 10–7 m2/s 

Inlet absolute pressure:   P1 = 680 kPa 

Outlet absolute pressure:  P2 = 220 kPa 

Flow rate:    Q = 360 m3/h 

Pipe size:    D1 = D2 = 150 mm 

Valve data: 

Valve style:    globe 

Trim:     parabolic plug 

Flow direction:    flow-to-open 

Valve size:    d = 150 mm 

Liquid pressure recovery factor:  FL = 0.90 (from Table 2) 

Valve style modifier:   Fd = 0.46 (from Table 2) 

Calculations: 

Eq. 31  0.9440.28 0.96
c

v
F   =−=

P
P

F   

where 

Pv  = 70.1 kPa; and 

Pc = 22,120 kPa. 
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Next, determine the type of flow: 

( ) kPa497.2vFL =×− PFPF 1
2  

which is more than the differential pressure (ΔP = 460 kPa); therefore, the flow is non-choked, and the 
flow coefficient C is calculated using Equation 1. 

Eq. 1  vfor h/mo K
PN

QC 31

1

 165
/

=
Δ

ρρ
=  

where 

Q = 360 m3 / h; 

N1 = 1 × 10–1 from Table 1; 

ρ1/ρo = 0.965; and 

ΔP = 460 kPa. 

Next, calculate Rev. 

Eq. 28  6

4/1

4
2

22
4 10967.21

 

  
×=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

ν
=

DN
CF

FC

QFN iL

Li

d
vRe  

where 

N2 = 1.60 × 10–3 from Table 1; 

N4 = 7.07 × 10–2 from Table 1; 

Fd = 0.46; 

Q = 360 m3/h; 

ν = 3.26 × 10–7 m2/s;  

Ci = C = Kv = 165 m3 / h; 

FL = 0.90; and 

D = 150 mm. 

Since the valve Reynolds number is greater than 10,000, the flow is turbulent, and the flow coefficient C 
as calculated above is correct. 

Example 2: Incompressible flow – choked flow without attached fittings 

Process data: 
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Fluid:     water 

Inlet temperature:   T1 = 363 K 

Density:    ρ1 = 965.4 kg/m3 

Vapor pressure:    Pv = 70.1 kPa 

Thermodynamic critical pressure: Pc = 22,120 kPa 

Kinematic viscosity:   ν = 3.26 × 10–7 m2/s 

Inlet absolute pressure:   P1 = 680 kPa 

Outlet absolute pressure:  P2 = 220 kPa 

Flow rate:    Q = 360 m3/h 

Pipe size:    D1 = D2 = 100 mm 

Valve data: 

Valve style:    ball valve 

Trim:     segmented ball 

Flow direction:    flow-to-open 

Valve size:    d = 100 mm 

Liquid pressure recovery factor:  FL = 0.60 (from Table 2) 

Valve style modifier:   Fd = 0.98 (from Table 2) 

Calculations: 

Eq. 31  0.944 
c

v
F =−=

P
P

F 28.096.0  
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where 

Pv  = 70.1 kPa; and 

Pc = 22,120 kPa. 

Next, determine the type of flow. 

( ) kPavFL  2211
2 =×− PFPF  

which is less than the differential pressure (ΔP = 460 kPa); therefore, the flow is choked and the flow 
coefficient C is calculated using Equation 3. 

Eq. 3  v
vF

o

L

for h/m K
PFPFN

QC 3

1

1

1

 238
 

/
 

=
−

ρρ
=  

where 

Q = 360 m3 / h; 

N1 = 1 × 10–1 from Table 1; 

FL = 0.60; 

ρ1/ρo = 0.965; 

P1 = 680 kPa,  

FF = 0.944; and 

Pv = 70.1 kPa. 

Next, calculate Rev. 

Eq. 28  6

4/1

4
2

22
4 10598.61

 

  
×=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

ν
=

DN
CF

FC

QFN iL

Li

d
vRe  

where 

N2 = 1.60 × 10–3 from Table 1; 

N4 = 7.07 × 10–2 from Table 1; 

Fd = 0.98; 

Q = 360 m3/ h; 

ν = 3.26 × 10–7 m2/ s;  

Ci = C = Kv = 238 m3/ h; 



 - 55 -         ISA-75.01.01-2007 (IEC 60534-2-1 Mod) 

Copyright 2007 ISA. All rights reserved. 

FL = 0.60; and 

D = 100 mm. 

Since the valve Reynolds number is greater than 10,000, the flow is turbulent and no more correction is 
necessary. 

Example 3: Compressible flow – non-choked flow with attached fittings 

Process data: 

Fluid:     carbon dioxide 

Inlet temperature:   T1 = 433 K 

Molecular mass:   M = 44.01 kg/kmol 

Kinematic viscosity:   ν = 1.743 × 10–5 m2/s 

Specific heat ratio:   γ = 1.30 

Compressibility factor:   Z = 0.988 

Inlet absolute pressure:   P1 = 680 kPa 

Outlet absolute pressure:  P2 = 310 kPa 

Flow rate:    Q = 3,800 standard m3/h at 101.325 kPa and 0°C 

Inlet pipe size:    D1 = 80 mm 

Outlet pipe size:    D2 = 100 mm 

Reducers:    short length, concentric 

Valve data: 

Valve style:    rotary 

Trim:     eccentric rotary plug 

Flow direction:    flow-to-open 

Valve size:    d = 50 mm 

Pressure differential ratio factor:  xT = 0.60 (from Table 2) 

Liquid pressure recovery factor:  FL = 0.85 (from Table 2) 

Valve style modifier:   Fd = 0.42 (from Table 2) 

Calculations: 
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Eq. 34  929.0
40.1

=
γ

=γF  

where 

γ = 1.30. 

and with this 

544.0
1

=
Δ

=
P
Px  

which is less than Fγ xT = 0.557; therefore, the flow is non-choked and the flow coefficient is calculated 
from Equation 11. Next, Y is calculated from Equation 32; 

Eq. 32  674.0
3

1 =−=
γ TxF
xY  

where 

x = 0.544; 

Fγ = 0.929; and 

xT = 0.60 

Eq. 11  v
p

 for /hm K
x

ZTM
YPFN

QC 31

19

7.62==  

where 

Q = 3,800 m3/h; 

N9 = 2.46 × 101 for ts = 0°C from Table 1; 

assume FP = 1; 

P1 = 680 kPa; 

Y = 0.674; 

M = 44.01 kg/kmol; 
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T1 = 433 K; 

Z = 0.988; and 

x = 0.544 

Now, calculate Rev using Equation 28. 

Eq. 28  5

4/1

4
2

22
4 1096.81
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⎦
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QFN iL

Li

d
vRe  

where 

N2 = 1.60 × 10–3 from Table 1; 

N4 = 7.07 × 10–2 from Table 1; 

Fd = 0.42; 

Q = 3,800 m3/h; 

ν = 1.743 × 10–5 m2/s; 

Ci = C = Kv = 62.7 m3/h; 

FL = 0.85; and 

D = 80 mm. 

Since the valve Reynolds number is greater than 10,000, the flow is turbulent. 

Now, calculate the effect of the inlet and outlet reducers on C. 

Since both reducers are concentric, short length, the velocity head loss coefficients can be calculated as 
follows: 

Eq. 23  ( )[ ] 186.0)/15.0
22

11 =−=ζ Dd  

where 

d = 50 mm; 

D1 = 80 mm; and 

Eq. 24  ( )[ ] 563.0)/10.1
22

21 =−=ζ Dd  
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where 

d = 50 mm; 

D2 = 100 mm; 

and the Bernoulli coefficients are 

Eq. 22  ( ) 847.0/1 2
1 =−=ζ DdB1  

where 

d = 50 mm; 

D1 = 80 mm; and 

Eq. 22  ( ) 938.0/ 4
22B 1 =−= Ddζ  

where 

d = 50 mm; and 

D2 = 100 mm. 

The effective head loss coefficient of the inlet and outlet reducers is 

Eq. 21  658.02121 =ζ−ζ+ζ+ζ=ζΣ BB  

where 

ζ 1 = 0.186 

ζ 2 = 0.563 

ζ B1 = 0.847 

ζ B2 = 0.938 

Now, the effect of the reducers is calculated by iteration, starting with Ci = C and FP(1) = 1. 

Eq. 20  891.0

1

1
2

2
1

2

)2( =

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ζΣ
+

=

d
C

N

Fp  
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where 

Σζ = 0.658; 

N2 = 1.60 × 10–3 from Table 1; 

C1 = 62.7 m3/h; and 

d = 50 mm. 

Since FP(2) /FP(1) = 0.891/1 < 0.97, further iterative steps are required. 

/hm4.70
891.0

7.62 3

)2(
2 ===

pF
CC  

Eq. 20  868.0
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1
2

2
2

2
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=

d
C

N

Fp  

Since, FP(3)/FP(2) = 0.868/0.891 < 0.99 one more iterative step will be required 

where 

Σζ = 0.658; 

N2 = 1.60 × 10–3 from Table 1; 

/hm23.70
868.0

7.62 3

)3(
2 ===

pF
CC  

d = 50 mm. 

  869.0

1

1
2

2
2

2
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d
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ζ

p  

Now, FP(3)/FP(4) = 0.868/0.869 > 0.99,  FP = 0.869 will be used 

Eq. 33  625.0

1
2

2
2

5
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=
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where 

xT = 0.60; 

FP = 0.869; 

ζ 1 = ζ 1 + ζ B1 = 1.033; 

N5 = 1.80 × 10–3 from Table 1; 

C2 = 70.23 m3/h; 

d = 50 mm; 

and with this Fγ xTP = 0.582, which is greater than x = 0.544. 

Finally, C results from Equation 11 as follows: 

Eq. 11  vKfor
x

ZMT
YPFN

QC /hm1.72 31

1p9

==  

where 

Q = 3,800 m3/h; 

N9 = 2.46 × 101 for ts = 0°C from Table 1; 

FP = 0.869; 

P1 = 680 kPa; 

Y = 0.674; 

M = 44.01 kg/kmol; 

T1 = 433 K; 

Z = 0.988; and 

x = 0.544 

Example 4: Compressible flow – small flow trim sized for gas flow 

Process data: 

Fluid:     argon gas 

Inlet temperature:   T1 = 320 K 

Inlet absolute pressure:   P1 = 2.8 bar (absolute) 
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Outlet absolute pressure:  P2 = 1.3 bar (absolute) 

Flow rate:    Q = 0.46 standard m3/h at 1,013.25 mbar and 47°C 

Molecular mass:   M = 39.95 

Kinematic viscosity:   ν = 1.338 × 10–5 m2/s at 1 bar (absolute) and 15°C 

Specific heat ratio:   γ = 1.67 

Specific heat ratio factor:  Fγ = 1.19 

Valve data: 

Trim:     tapered needle plug 

Liquid pressure recovery factor:  FL = 0.98 

Pressure differential ratio factor:  xT = 0.8 

Orifice diameter:   Do = 5 mm 

Valve size:    d = 15 mm 

Internal diameter of piping:  D = 15 mm 

Calculation: 

The first step is to check the Reynolds number Rev. 

Eq. 28  
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This requires input of Ci, which has to be determined. Since x < Fγ xT, the flow coefficient can be 
estimated by first using the nonchoked flow Equation 8 to calculate C, then multiplying C by 1.3 in 
accordance with the iteration procedure of 8.1. 

Eq. 32  812.0
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=−=
γ xF
xY  

Eq. 8  v0138.01
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where 

Q = 0.46 m3/h; 

N9 = 2.25 × 103 for ts = 15°C from Table 1; 
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P1 = 2.8 bar; 

M = 39.95 kg/kmol; 

T1 = 320 K; 

Z = 1; 

Fγ = 1.19; 

x = 0.536; and 

Y = 0.812. 

Eq. 26  vi 0179.03.1 CforCC ==  

where 

C = 0.0138 for Cv. 

Next, estimate Fd from the equation in Table 2. 

061.0
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L19
d ==

D
CFN

F  

where 

C = Ci = 0.0179 for Cv ; 

FL = 0.98; 

N19 = 2.3 from Table 1; and 

Do = 5 mm. 

Calculate Rev as follows: 
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where 

N2 = 2.14 × 10–3 from Table 1; 

N4 = 7.6 × 10–2 from Table 1; 

Fd = 0.061; 

Q = 0.46 m3/h; 

ν = 1.338 × 10–5 m2/s; 
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FL = 0.98; 

Ci = 0.0179 for Cv ; and 

D = 15 mm. 

Determine if C /d 2 < 0.016 N18. 

C /d 2 = 7.97 × 10–5 

0.016 N18 = 0.016 

C /d 2 < 0.016 N18 

where 

N18 = 1.00 from Table 1; 

C = 0.0179; and 

d = 15 mm. 

Since the Reynolds number is below 10,000, the flow is non-turbulent; hence flow coefficient Equation 
F.3b has to be used. Since C /d 2 < 0.016 N18 and Rev > 10, calculate FR from both Equations F.3a and 
F.4 and use the lower value (reference Annex F). 

Eq. F.3b 235.11
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where 

N32 = 1.27 x 102 from Table 1; 

Ci = 0.0179 for Cv; 

Rev = 1,202; and 

d = 15 mm. 
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where 

FL = 0.98; 

n2 = 1.235; and 

Rev = 1,202. 
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Eq. F.4  022.1026.0
v2

L
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NOTE    FR is limited to 1. 

where 

FL = 0.98; 

n2 = 1.235; and 

Rev = 1,202. 

Use FR = 0.715, the lower of the two calculated values. 

Eq. 19  v
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where 

Q = 0.46 m3/h; 

N22 = 1.59 × 103 for ts = 15°C from Table 1; 

FR = 0.715; 

M = 39.95 kg/kmol; 

T1 = 320 K; 

ΔP = 1.5 bar; 

P1 = 2.8 bar; and 

P2 = 1.3 bar. 

Check: 

Eq. 29  i
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Since C/FR is not less than Ci, repeat the iteration process by increasing Ci by 30%. 

New Ci = 1.3 Ci = 0.0233 

where 
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Ci = 0.0179; 

070.0
o

L19
d ==

D
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F  

where 

C = Ci = 0.0233 for Cv; 

FL = 0.98; 

N19 = 2.3 from Table 1; and 

Do = 5 mm. 

Calculate Rev. 
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where 

N2 = 2.14 × 10–3 from Table 1; 

N4 = 7.6 × 10–2 from Table 1; 

Fd = 0.070; 

Q = 0.46 m3/h; 

ν = 1.338 × 10–5 m2/s; 

FL = 0.98; 

Ci = 0.0233; and 

D = 15 mm. 

Since the value of Rev remains the same as previously calculated, FR remains at 0.715. Therefore, the 
calculated C will remain at 0.0184 and any trim with a rated C of 0.0184 or higher for Cv is appropriate. 
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Annex F (informative) — Equations for Reynolds number factor, FR 

For full size trim where Ci /d2 ≥ 0.016 N18 and Rev ≥ 10, calculate FR from the following equations: 
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for the transitional flow regime, 

where 

Eq. F.1b  
2

2
i

2
1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

d
C

N
n  

or 

Eq. F.2   v1
L

R
026.0 Ren
F

F =  (not to exceed FR=1) 

for the laminar flow regime. 

NOTE 1    Use the lower value of FR from Equations F.1a and F.2. If Rev<10, use only Equation F.2. 

NOTE 2    Equation F.2 is applicable to fully developed laminar flow (straight lines in Figure 3a). The relationships expressed in 
Equations F.1a and F.2 are based on test data with valves at rated travel and may not be fully accurate at lower valve travels. 

NOTE 3    In Equations F.1b and F.2, Ci /d
2
 must not exceed 0.04 when Kv is used or 0.047 when Cv is used. 

For reduced trim valves where Ci /d
2 at rated travel is less than 0.016 N18 and Rev ≥ 10, calculate FR 

from the following equations: 
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for the transitional flow regime, 

where 
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Eq. F.4   v2
L

R
026.0 Ren
F

F =  (not to exceed FR=1)  

for the laminar flow regime. 

NOTE 1    Select the lowest value from Equations F.3a and F.4. If Rev<10, use only Equation F.4. 

NOTE 2    Equation F.4 is applicable to fully developed laminar flow (straight lines in Figure 3b). 
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1.0  SCOPE AND APPLICATION 

This Plan addresses the objectives and performance criteria, management measures, and monitoring, and 
auditing relating to flaring for the Queensland Curtis LNG Facility on Curtis Island.   

Management measures and reporting and auditing requirements specified, are intended to ensure 
compliance with the requirements of the Environmental Authority (EA) for Petroleum Facility Licence (PFL) 
11 (Permit Number EPPG00711513), and other relevant approvals under applicable Queensland and 
Commonwealth legislation. 

This document applies to operation of the LNG Facility.  It addresses flaring activity relating to LNG 
Operations within the bounds of PFL11 on Curtis Island. 

1.1 Definitions 

Term Meaning 

Administering Authority Department of Environment and Heritage Protection (formerly Department of 

Environment and Resource Management).  The Queensland Government 

Department that administers the Environmental Authority under the 

Environmental Protection Act 1994. 

1.2 Acronyms and Abbreviations 

Acronym Meaning 

CG Coordinator General 

CH4 Methane 

CO Carbon Monoxide 

CO2 Carbon Dioxide 

DCS Distributed Control System 

EA Environmental Authority, and specifically the Environmental Authority for 

Petroleum Facility Licence PFL 11 (EPPG00711513) 

EHP Department of Environment and Heritage Protection 

EMS Environmental Management System 

EP Act Environmental Protection Act 1994 (Qld) 

EPP (Air) Environmental Protection (Air) Policy 2008 (Qld) 

GTC Gas Turbine Compressor 

LNG Liquefied Natural Gas 

N2 Nitrogen Gas 

NOx Nitrogen Oxides 

NRU Nitrogen Rejection Unit 

PFL Petroleum Facility Licence 

PM10 Particulate Matter in the order of 10 micrometres or less 

QGC QGC – A BG Group business 
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2.0 SUMMARY OF RESPONSIBILITIES 

The following summary of responsibilities apply for personnel undertaking activities covered by this 
document.  

Table 1: Summary of Responsibilities 

Position Management Responsibilities 

Lead Compliance and 
Reporting Advisor 

 Coordinate responses to a complaint or information request from the 
Administering Authority 

 Provide technical advice to Social Performance in relation to any 
complaints or information requests from the community 

 Provide timely notifications of flaring activity to the Department of 
Environment and Heritage Protection 

 Undertake any required reporting associated with flaring related queries 
 Undertake audits against the QGC Environmental Management System 

(EMS) 
 Manage third party auditing of the Environmental Authority (EA) and 

Coordinator General (CG) Conditions 
 Coordinate preparation and submission of Statutory Reporting including 

Annual Environmental Return and Annual Monitoring Report 
 Communicate flaring related non-compliances with the EA to the 

Administering Authority 

HSSE Manager  Oversee the evaluation of compliance with environmental legislation and 
regulations, permits, licences and approvals 

 Ensure this Management Plan is implemented and updated 
 Oversee incident investigations and implementation of corrective actions 
 Provide input to Management of Change (MOC) assessments to assess 

the viability of recommended initiatives to reduce flaring activity 

Asset Manager – 
Midstream 

 Support the implementation of flaring management practices 
 Ensure adequate resources are available to manage flaring activities 
 Approve midstream direction on managing flaring activities 

Operations Manager   Co-ordinate and arrange Flare Reduction Working Group through 
optimisation engineering team 

 Operate the plant to minimise flaring, achieve optimal performance and 
meet the flaring related criteria as stipulated in the EA 

 Ensure that key stakeholders, as stipulated in this plan, are provided with 
timely information regarding planned shutdowns and associated flaring 
activity to facilitate notifications to stakeholders 

 Engage key stakeholders during the shutdown planning process 
 Provide key stakeholders with timely, accurate information in relation to 

unplanned flaring events 
 Provide input to MOC assessments to assess the viability of recommended 

initiatives to reduce flaring activity 
 Ensure that process controls identified by Engineering / Optimisation are 

implemented in order to reduce flaring activity as far as practicable 

Social Performance 
Advisor 

 Provide timely notifications to key stakeholders on flaring activity 
 Provide Central Environment and the Midstream Environmental 

Superintendent with the details of any flaring related complaints or 
information requests 

Engineering Manager  Provide Engineering technical input for responses to a complaint or 
information request from the Administering Authority 

 Provide technical advice regarding initiatives to reduce flaring activity 
 Actively drive all Management of Change on the facility, with due 

consideration to potential impacts on Flaring, and implement sustainable 
engineering initiatives to mitigate increased flaring associated with each 
change 
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Position Management Responsibilities 

Environmental Lead  Coordinate the collation of information required from Midstream in 
response to a complaint or information request from the Administering 
Authority 

 Provide technical advice, in conjunction with Compliance Team to Social 
Performance in relation to any complaints or information requests from the 
community 

 Act as primary point of contact for site personnel for flaring related matters 
and any associated environmental incidents 

 Provide the Production Manager and Maintenance Manager with 
environmental technical and regulatory compliance support with regard to 
this management plan 

 Initiate and participate in flaring related environmental incident 
investigations in conjunction with and as directed by the HSSE Manager 

 Provide input to MOC assessments to assess the viability of recommended 
initiatives to reduce flaring activity 

 In consultation with Compliance and Reporting Team: 
o Communicate incidences and non-compliance  
o Collate environmental incident reports and associated regulatory 

notifications for submission to the administering authority. 
o Monitor the implementation of the management measures and 

identify corrective actions. 
o Coordinate Site Management and HSSE Manager on flaring 

related compliance issues. 
o Communicate the need for corrective actions to Production 

Manager and HSSE Manager. 
 As directed interact with Administering Authority 
 Participate in audits against the QGC EMS 
 Facilitate site aspects of third party auditing of the EA and CG Conditions 

Maintenance Manager  Maintain the plant to improve reliability and reduce flaring activity as far as 
practicable 

 Actively participate in planning of shutdowns and execute all shutdown 
activities such that flaring is minimised through management of shutdown 
schedules, purging and isolation of equipment 

Environmental Monitoring  Review air quality data and provide summary for Environment 
Superintendent 
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3.0 BACKGROUND  

QGC processes Coal Seam Gas to produce Liquefied Natural Gas (LNG).  The feed gas stream is primarily 
methane and both propane and ethylene refrigerants are used in the liquefaction process.  These three 
components comprise over 99.9% of materials that can enter the flares.  

During normal operations, natural gas and other hydrocarbons flow continuously through the LNG Facility.  
The flaring system facilitates purging of the Facility during planned shutdowns for routine maintenance 
activities, unplanned repairs to defective infrastructure or emergency situations.  The system includes three 
separate flare systems and is common for both Train 1 and Train 2.  Flaring ensures that hydrocarbons are 
safely combusted and are not emitted to atmosphere.   

3.1 QGC Facility Flares 

The QGC Facility flare system is comprised of the following components: 

 Wet Process Flare:  Designed to handle warm hydrocarbon streams that may be saturated with 

water vapour and / or contain free liquid hydrocarbons and water; 

 Dry Process Flare:  Designed to handle cryogenic hydrocarbons, both vapour and liquid; and 

 Marine Flare:  Designed to handle LNG vapours from the LNG Storage Tanks in the event of 

Boil Off Gas Compressors failure and / or ship loading. 
Flare locations are provided in Error! Reference source not found..   

3.2 Flare Emissions 

Coal seam gas processed at the Facility is comprised of the following: 

 Approximately 98% Methane; and 

 The remaining 2% is comprised of small quantities of Nitrogen (N), Carbon Dioxide (CO2) and 

Ethane (C2H6). 
During normal operations, minor volumes of gas are combusted in the flares in a pilot flame, designed to 
provide a continuous ignition source such that any gas sent to the flare as a result of upset conditions is 
immediately combusted.  The pilot flare is a small, smokeless flame which emits minor quantities of carbon 
dioxide, nitrogen oxides and water vapour. 

Non-normal operations refer to conditions at the LNG Facility that are outside the general operating 
parameters of the plant and occur intermittently for a short duration. Emission rates for these activities may 
also be variable and, consequently, do not impact air quality on a continual basis. 

During non-normal operations, the combustion efficiency of the flare may be reduced by the presence of 
refrigerants and Nitrogen (used for purging gas lines in the Facility).  This results in the emission of Oxides of 
Nitrogen, Carbon Monoxide (CO), Total Hydrocarbons (Methane, Ethane, Ethylene, Propane), Particulates in 
the form of PM2.5 and PM10 and trace Polycyclic Aromatic Hydrocarbons (PAH’s).  Flaring activities are 
further detailed in QGC Midstream Flaring Duration Technical Memorandum (LNGOP-T00-PRD-TEN-
000002). 

3.3 Planned Flaring Activities 

Planned flaring occurs several times per annum during routine maintenance activities.   Typical planned 
flaring events include: 

Propane / Ethylene De-inventory for a Train Shutdown / Turnaround:  During Shutdowns / Turnarounds, 
Ethylene may be required to be removed from the system to perform maintenance activities to: 

 Minimise the risk of exposure to hazardous energy sources to As Low As Reasonably Practicable 
(ALARP); and / or 

 Mitigate heat leak resulting in the loss of Ethylene to the flare. 
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Removal of Inert Gas or Defrost Gas from Propane / Ethylene Circuit:  All inert gas (Nitrogen) or defrost 
gas (Methane) must be removed from process systems following a Shutdown / Turnaround or defrost event.  
This is achieved by strategically segmenting the Propane or Ethylene circuit and using a sweep, which leads 
to a tie in point of the flare header.  This is followed by a piston purge at a pressure of 3 bar. 

3.4 Unplanned Flaring Activities 

Unplanned flaring can occur at any time during upset conditions on either or both LNG Trains.  Typical 
causes of unplanned flaring events include the following: 

3.4.1 Extended use of Propane / Ethylene Reclaimer 

High levels of non‐condensable gases (methane / nitrogen) in the refrigerant circuit will significantly impact 
plant performance, production and efficiency due to the increase in the required refrigerant condensing 
pressure.  This will occur if the system has been purged / defrosted or contaminated with nitrogen or fuel gas 
from the Propane or Ethylene compressor seals. 

To remove the non‐condensable gases the Propane and Ethylene reclaimer is used.  The reclaimer 
recondenses the refrigerant and flares the nitrogen / methane. 

3.4.2 Propane / Ethylene valve passing to flare header:   

The Propane and Ethylene circuit are connected to the flare header at multiple locations, including: 

1. Pressure Safety Valves (PSV); 

2. Emergency Depressurisation Valves (EDP); 

3. Pressure Control Valves (PCV); 

4. Defrost Gas lines; and 

5. Drain, Vent and manual bypass lines. 

There is a potential for these locations to pass refrigerant to the flare. 

3.4.3 Ethylene Pressure Control Valve or Pressure Safety Valve Relief:   

The Ethylene Surge Drum and each Ethylene Chiller has a pressure control valve (PCV) that may release 
Ethylene to the flare in the event of a process upset.  Typically this is the result of: 

 Loss of cooling in Propane (loss of level in Propane chiller, rapid rise in pressure due to anti surge 
failure etc.); 

 Level control valve failure in Ethylene; 

 Ethylene Compressor Suction Valve failed to close position; and/or 

 Operator error. 

A PSV will lift if the PCV does not maintain the system pressure. By this token, opening of the PCVs is part 
of the inherent safe design of the facility, cognisant that PSVs are the last line of defence for over pressure 
protection. 

3.4.4 Propane Pressure Control Valve or Pressure Safety Valve Relief:   

The Propane Accumulator has a pressure control valve (PCV) that releases Propane to the fuel and in turn 

the flare header in the event of a process upset.  Generally this is the result of: 

 Sudden loss of Propane condensing fans 

 Level control valve failure in Propane 

 Incorrect operator action 

Pressure Safety Valves are located on the Propane accumulator and Propane chillers. A PSV will lift if the 
PCV does not maintain the system pressure.  By this token, opening of the PCVs is part of the inherent safe 
design of the facility, cognisant that PSVs are the last line of defence for over pressure protection.   
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3.4.5 Depressurisation of Propane and Ethylene Compressor Casing:   

Propane and Ethylene compressor casings will be depressurised in the event of a seal failure or in the event 
of 2oo2 compressor shut down, where a single casing will be depressurised to enable restart. 

3.4.6 Depressurisation of an Propane  or Ethylene ISO Container:   

An ISO container of Propane or Ethylene may need to be depressurised to flare for a number of reasons 
including: 

 Safety related due to concerns relating to primary containment; and / or 
 Off specification and cannot be removed safely from site. 

3.4.7 Sequenced Automatic Depressurisation:   

QGC has an Automated Blowdown System ‐ upon confirmed fire / gas detection or general power failure this 
system will automatically depressurise the entire facility in a sequenced manner until either the fire or gas 
release is under control or the entire facility has been depressurised.  This is part of the inherently safe 
design measures implemented on the project. 

3.4.8 Regeneration Gas Compressor Trips:   

The Regeneration Gas Compressor is used to recover natural gas used for regeneration of the molecular 
sieve beds.  The molecular sieves are used to remove moisture from the gas, which is a requirement prior to 
liquefaction.  Whenever the regeneration gas compressor trips, gas is diverted to the Wet Process Flare.  
The duration of flaring can be short (less than 1 hour) or more than one hour, and takes place until such time 
that the regeneration gas compressor is returned to service; 

3.4.9 Nitrogen Rejection Unit (NRU) Off Specification:   

The NRU extracts Nitrogen from the feed gas, an essential efficiency component of the liquefaction process.  
When this unit malfunctions, the feed gas to the NRU is typically diverted to the Dry Process Flare; 

3.4.10 Gas Turbine Compressor Trips:   

Gas Turbine Compressors (GTC’s) are critical to the liquefaction process.  These units form part of the 
refrigerant loops which chill feed gas, leading to liquefaction.  When any GTC’s malfunction, they require 
depressurisation prior to restarting, which results in significant flaring activity.  Depressurisation of the GTC 
casings results in gas as well as refrigerant vapour being sent to flare, which causes varying degrees of 
smoke emissions (dependent on which GTC is being depressurised); and 

Purge of loading hoses after decanting refrigerant: 

The hoses involved in decanting refrigerants at the refrigerant storage area require purging following each 
decanting event. 

3.4.11 Gassing Up Activities:   

The LNG storage tanks have CO2 specifications (less than 100 ppm CO2). If the vapour return of the ship 
contains high amount of CO2 this can’t be diverted to LNG storage tanks, so the vapour return is sent to 
marine flare till confirmation CO2 specifications have been met, upon which time the vapour is then switched 
to storage tanks. 

3.5 Flaring Environmental Impacts 

In May 2015, QGC commissioned an independent air quality specialist to undertake dispersion modelling in 
relation to flaring at the Facility.  The modelling was undertaken in relation to typical upset condition 
scenarios, and resulted in the following conclusions: 

 Predicted ground level concentrations of Oxides of Nitrogen, Carbon Monoxide, PM10 and 

PM2.5, as well as Hydrocarbons were well below the relevant air quality objectives; 

 Predicted ground level concentrations of methane were well below the asphyxiation level; and 
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Predicted ground level concentrations of Polycyclic Aromatic Hydrocarbons were well below the relevant air 
quality objectives. 

QGC also regularly reviews data from the Gladstone Air Network Initiative air quality monitoring station 
network, operated by the Department of Environment and Heritage Protection (EHP).  These reviews have 
identified that there have been no recorded impacts to the overall air quality of the region associated with 
flaring emissions from the Facility.  
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4.0 OBJECTIVES 

The objectives of this management plan are to:  

 Reduce flaring activity as far as practicable. 

 Manage social impacts associated with unavoidable flaring by providing timely and accurate 

notifications to key stakeholders. 

 Operate in a manner that minimises impacts on ambient air quality. 

 Preserve ambient air quality to the extent that ecological health, public amenity or safety is 

maintained. 
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5.0 PERFORMANCE CRITERIA 

5.1 Legislation and Standards 

The performance criteria and implementation strategy has been developed with reference to: 

 Environmental Protection Act (1994) (EP Act) (Qld). 

 Environmental Protection Regulation (2008) (Qld). 

 Environment Protection (Air) Policy (2008) (EPP (Air)) (Qld). 

 National Environment Protection Measure (Air). 

 Environmental Authority No. EPPG00711513 (EHP). 

 International Finance Corporation’s Performance Standards on Social and Environmental 

Sustainability, Standards 1 and 3 (IFC, 2006). 

5.2 Relevant QGC Documents 

Document Number Title 

LNGOP-QL00-PRD-PCE-000033 Event Notification Procedure 

LNGOP-QL00-HSS-WIN-000039 Flaring Event Notification Work Instruction 

LNGOP-T00-PRD-TEN-000002 QGC Midstream Flaring Duration Technical Memorandum  

TBA Midstream Stakeholder Engagement Plan 

TBA Shell - Flaring and Venting Procedure  

TBA Shell – Greenhouse Gas and Energy management Procedure 

5.3 Performance Criteria 

The performance criteria for this management plan are as follows: 

 Flaring activities in accordance with the Environmental Authority;  

 Internal stakeholders must be notified prior to the end of shift for all Flaring events  

 All flaring events details must be made available to the Administrating Authority upon request 

 Key external stakeholders (DEHP & Social Performance) to be notified of planned and 

unplanned flaring events. 

 Key information regarding flaring events to be captured in a Flaring Register. 

 Flaring to be minimised as much as reasonably practicable.  

 Follow up information provided to stakeholders where requested 

 Complaints to be managed in accordance with the Midstream Stakeholder Engagement Plan. 
 

 



 Document Number:   LNGOP-QL00-ENV-PLN-0000015 

Document Title:  QGC Midstream Flaring Management Plan 

 

Revision:  1 UNCONTROLLED WHEN PRINTED Page 14 of 17 

 

6.0 MANAGEMENT MEASURES 

Table 2 presents management measures to be adopted during operation to meet the performance objectives and criteria for air quality. 

 
Table 2:  Management Measures 

Performance Criteria Management Measure Responsibility 

Flaring activities in accordance with the 
Environmental Authority 

The design of the Plant only facilitates flaring at these locations.  Therefore no additional 
management measures are required. 

Engineering Manager 

Training for production and control room on Environmental Authority flaring conditions  Environmental Lead 

Internal stakeholders must be notified 
prior to completion of shift of Flaring 
events 

Event notification procedure established with key internal stakeholders added to the distribution 
list 

Operations Manager 

All flaring events details and made 
available to the Administrating Authority 
upon request 

Flaring details must be recorded in accordance with Section 7.0 as outlined in the Flaring Event 
notification work instruction (LNGOP-QL00-HSS-WIN-000039) 

Environment Lead 

Key stakeholders to be notified of flaring 
events. 

 

Key internal stakeholders to be engaged during shutdown planning process and provided with a 
forecast flaring schedule for the event.  The forecast is to be updated regularly throughout the 
event.   

Operations Manager 

Key community stakeholders to be notified a minimum of 24 hours ahead of planned flaring 
events. Social Performance  

EHP to be notified a minimum of 24 hours ahead of planned flaring events and within 24 hours of 
an unplanned flaring event.    

Environment 
Compliance 

Key information regarding flaring events 
to be captured in a Flaring Register. 

Flaring register must capture the information outlined in Section 7.0   

 
Compliance Team 

Flaring to be minimised as much as 
reasonably practicable  

Flaring Reduction Working Group to meet on a Monthly basis and address: 

  Initiatives to reduce flaring events including engineering solutions / MOCs; 

 Flaring statistics and flaring register 

 Shutdown coordination 

Operations Manager 

Operational controls to be implemented to minimise duration and frequency of flaring where 
appropriate 

Operations Manager 



 Document Number:   LNGOP-QL00-ENV-PLN-0000015 

Document Title:  QGC MIDSTREAM FLARING MANAGEMENT PLAN 

 

Revision:  1 UNCONTROLLED WHEN PRINTED Page 15 of 17 

 

Performance Criteria Management Measure Responsibility 

 

Unplanned flaring events exceeding EA conditions will be entered into FIM and an incident 
investigation initiated.  The cause of the flaring will be identified and associated corrective actions 
implemented in a timely manner.  

HSSE Manager 

Mitigation measures are to be implemented where possible to reduce the extent and severity of 
planned and unplanned flaring events. 

Operations Manager 

Flaring to be minimised as much as 
reasonably practicable 

Shutdown planning to identify and implement initiatives to reduce flaring activity as far as 
practicable throughout the shutdown period.  These initiatives are to include, but not be limited to 
those detailed above.   

 

Follow up information provided to 
stakeholders where requested 

Coordinate information request responses. Compliance Team 

Collation of information, as advised by Social performance or Compliance Team Environment Lead 

Manage complaints in accordance with 
the Stakeholder Engagement Plan. 

Social Performance to field complaints and seek technical input from key stakeholders, as 
required. 

Social Performance  
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7.0 MONITORING AND REPORTING 

Monitoring and reporting is to be undertaken for any flaring event (defined as producing black smoke greater 
than Ringlemann two for 5 mins or more). The following information must be captured within 24 hours as 
specified in the Environment Authority:  

 Time flaring commenced; 

 Specific cause of flaring; 

 Ringlemann; 

 Actions taken to minimise flaring;  

 Time flaring stopped; 

 Corrective actions to prevent reoccurrence; and 

 Parameters required under the EA 

 CCTV footage 

 Temperature 

 Vent Gas flow rate 

 Flow correlation / Mass balance  

In the event of a complaint or request from the Administering Authority, QGC is required to undertake 
monitoring specified by the Administering Authority.  This will be coordinated by the Environment Lead.  

7.1 Internal Reporting 

Internal Reporting is required as soon as possible and no later than the end of the shift.  Internal stakeholders 
as per event notification procedure. 

7.2 External Reporting 

Written notification is to be provided to the administering authority (EHP) 24 hours prior to a planned flaring 
event and within 24 hours of an unplanned flaring events.  

Reporting on monitoring undertaken in response to complaints or specific direction of the Administering 
Authority will be provided upon request. 

Monitoring outcomes and corrective actions (if required) will be reported in the Annual Monitoring Report 
prepared by QGC Central Environment Team and submitted to the Administering Authority, as required. 

External stakeholders are DEHP and Social Performance.  
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8.0 AUDITING 

QGC maintains an EMS in accordance with the international standard AS/NZS ISO 14001.  The EMS must be 
regularly audited to ensure its continuing suitability, adequacy and effectiveness and meet QGC’s commitment 
to continual improvement.  

Regular internal audits of the EMS are conducted, covering all activities within the scope of the QGC Asset 
EMS.  

QGC will also ensure that a qualified third party auditor (accepted by the Administering Authority) undertakes 
compliance monitoring against the EA conditions every three years. 
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