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LEGISLATIVE COUNCIL  
Question On Notice  

Thursday, 17 October 2019  

2592. Hon Robin Chapple to the Minister for Environment  

(1) Will the Minister please table copies of all air pollution monitoring reports in relation to 
Woodside’s North West Shelf and Pluto Liquefied natural gas (LNG) facilities located on the 
Burrup Peninsula (Please include those for any comparative air pollution monitoring 
undertaken in other locations to measure the air pollution impacts of these facilities)? 
(2) If no to (1), why not? 
(3) Will the Minister please table a copy of the Pluto-Nitrogen Deposition Monitoring Study 
Report on nitrogen deposition at Woodside’s Pluto LNG that was to be measured at six sites 
and delivered to the Environmental Protection Authority by 1 July 2014 as referred to in 
Ministerial Statement 757? 
(4) If no to (3), why not? 
 

 
Answer 

(1) The Department of Water and Environmental Regulation has undertaken a review and 
identified the most recent monitoring reports submitted in relation to approvals under Part IV 
and Part V of the Environmental Protection Act 1986: 

• Ministerial Statement 536, annual compliance report, Woodside Energy Limited 
• Ministerial Statement 757, Review of Air Quality Management Plan Woodside 

Energy Limited 
• Ministerial Statement 757, Review of Air Quality Management Plan – NOx and 

Ozone, Woodside Energy Limited 
• Ministerial Statement 757, Independent Review of Nitrogen Deposition Monitoring, 

Woodside Energy Limited 
• Licence L5391/1984/18 - Karratha Gas Plant Annual Environment Report - July 

2018-June 2019 
• Licence L8752/2013/2 – Pluto Gas Plant Annual Environmental Report – April 2018 

to March 2019 
[see tabled paper no. ]: 
(2) Not applicable 
(3) Yes - see (1)  
(4) Not applicable  
 
 
 
 

 

 



 
 

NOTES FOR THE MINISTER   

(1) The response only provides the latest Annual Environment Report and Annual 
Compliance Report for the North West Shelf and Pluto LNG projects.  The North 
West Shelf Project, or Karratha Gas Plant, has been reporting annually since 1984 and 
the Pluto LNG Project has been reporting since 2013. This would require tabling over 
40 reports. 
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1.0 EXECUTIVE SUMMARY 
Golder Associates Pty. Ltd. was commissioned by Woodside Energy Ltd. (Woodside) to complete an 
independent review of the air quality monitoring programme outlined in the Woodside Pluto LNG Plant Air 
Quality Management Plan (AQMP), in accordance with Section 10.2 of the AQMP.  

Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:  

 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM2.5) 
and benzene/toluene/xylene isomers (BTX) monitoring data  

 24 months of NOx and ozone monitoring data  

 24 months of nitrogen deposition monitoring data. 

As the Pluto LNG Plant began commissioning in December 2011, this report provides a review of 12 months 
operational data associated with PM2.5 and BTX only.  

A review of the NOX, ozone and nitrogen deposition data will be the subject of a separate report.  

The scope of the review was limited to a desk top assessment of air quality monitoring reports prepared by 
consultants on behalf of Woodside for the period December 2011 to December 2012.  In particular the 
accuracy and consistency of data was assessed and compared with the results of previously completed 
sampling and monitoring in order to confirm the understood relative risk and expected impacts as presented 
in approvals documentation.  

The review did not assess the accuracy of emission estimates for the purposes of initial modelling and risk 
assessment, nor does it seek to identify any additional point sources.  In addition the review did not assess 
other AQMP aspects or other environmental monitoring programmes being undertaken.  

The objective of the review was to ensure that documentation submitted to regulatory authorities contained 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project. This review has 
confirmed that the data provided in the ambient air quality monitoring reports demonstrates material 
compliance with the National Environment Protection (Ambient Air Quality) Measure (Air NEPM) and the 
National Environment Protection (Air Toxics) Measure (Air Toxics NEPM). 

The review also confirmed that the assessment of risk based on the estimated or predicted emissions of 
PM2.5 and BTX and documented in the works approval for the LNG Plant is consistent with the data obtained 
from the 12 month ambient air quality monitoring programme. With respect to protection of environmental 
values namely:  

a) Human health and well-being 

b) The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

c) Visibility, local amenity and aesthetics.  

there is sufficient evidence to demonstrate that emissions are below current standards set to protect human 
health and well-being, but insufficient evidence is available to categorically state that all environmental 
values are being protected.  
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In completing the independent review, a number of recommendations have been made in relation to data 
collection and validation. These recommendations are listed below and are not considered to have a material 
impact on the interpretation of data collected during the review period.  The recommendations have been 
forwarded to Woodside for consideration and include that:  

 future reports include a statement regarding compliance of monitoring locations against the 
requirements of AS/NZS 3580.1 

 meteorological equipment be assessed against the requirements of AS 3580.14 as opposed to AS 2923 

 calibrations are undertaken in accordance with DR AS/NZS 3580.9.12 for beta attenuation monitors 

 NATA accreditation for BTX by GC/PID should be confirmed.  

 in collating data for consolidation within reports, truncation of data should be avoided 

 BTX data to be subject to further validation given the significant differences between monitors 

 in relation to the negative offset applied to BTX data to bring the baseline back to zero, given the limit of 
detection needed to meet Air Toxics NEPM requirements and the differences between co-located 
instruments at Burrup Road, a comment on the magnitude of the offset and the effect on the data set is 
required.  
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2.0 INTRODUCTION 
Woodside Energy Ltd. (Woodside) received approval for the construction of facilities for the development of 
the Pluto Gas Field on the North West Shelf, and the processing and export of the gas at a liquefied natural 
gas (LNG) plant on the Burrup Peninsula, in Ministerial Statement No 757 dated 24 December 2007.  

Storage and export facilities are located at what is known as Site “A”. The production of LNG and 
condensate at “Site B” involves the following processes:  

 gas receivable and inlet separation 

 acid gas removal unit (AGRU) 

 gas dehydration 

 mercury removal 

 liquefaction 

 end flash and nitrogen removal 

 fractionation/heavies removal 

 refrigerant storage 

 condensate stabilisation and export.  

A high level process flow diagram for LNG production in shown in Figure 1. 

Implementation of the project was subject to a number of conditions, including the preparation of an Air 
Quality Management Plan (AQMP) to the requirements of the Minister for the Environment.  

The AQMP was required to include:  

 cumulative air quality modelling, using data from the Front End Engineering Design Report and 
emissions from approved industrial sources at Cape Preston and Barrow Island 

 proposed targets and standards 

 an emissions monitoring programme which included nitrogen compounds, butene, toluene, ethylene, 
xylene, ozone, acrylene and hydrogen sulphide emissions from the plant 

 an ambient air quality and nitrogen deposition monitoring programme 

 annual reporting. 

The AQMP was submitted to the Environmental Protection Authority (EPA) on 23 September 2010. The plan 
was subsequently revised and Revision 1 endorsed on 10 October 2011.  

Section 2 of the AQMP notes that “butene, ethylene and acrylene initially specified in the Ministerial 
Statement 757 are not present in the feed gas stream, nor produced or emitted by the Pluto LNG processing 
system and will not be monitored as part of this plan” 

In accordance with Section 10 of the AQMP dated 7 September 2011 (Revision 2: Reference No: 
X0000AH0002), Woodside is required to review results of ongoing emissions monitoring and ambient air 
monitoring programmes and compare the results with previously completed sampling and monitoring results 
and risk and impact assessments presented in approvals documentation.  
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Figure 1: Pluto LNG Plant High Level Process Flow Diagram 
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Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:  

 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM2.5) 
and benzene/toluene/xylene isomers (BTX) monitoring data  

 24 months of oxides of nitrogen (NOx) and ozone monitoring data  

 24 months of nitrogen deposition monitoring data.` 

The reviews were to be undertaken by an independent peer reviewer, subject to approval by EPA.  

In this regard, Dr Helen Murphy of Golder Associates Pty. Ltd. (Golder), an Environmental Auditor appointed 
pursuant to the Victorian Environment Protection Act 1970, was engaged by Woodside for the purpose of 
providing an independent review of the ambient air quality data.  EPA endorsed the appointment on 21 
August 2012. 

Your attention is drawn to the document “Limitations”, which is included as Appendix A to this report.  The 
statements presented in this document are intended to advise you of what your realistic expectations of this 
report should be.  The document is not intended to reduce the level of responsibility accepted by Golder, but 
rather to ensure that all parties who may rely on this report are aware of the responsibilities each assumes in 
so doing. 
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3.0 ENVIRONMENTAL REVIEW OBJECTIVE AND SCOPE 
As requested by Woodside, Environment Protection Authority of Victoria (EPAV) Publication No. 952.31 has 
been used as the basis for describing the components of the review.  

The following information is provided in response to these requirements. 

3.1 Objective  
The objective of the review is to ensure that documentation submitted to regulatory authorities contains 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project. 

3.2 Scope  
The scope was outlined in the proposal to Woodside dated 17 April 2012.  

Specifically the scope would include an independent review of the Pluto LNG Plant AQMP ambient air quality 
and nitrogen deposition monitoring programmes and reports, noting that this is a two year monitoring 
programme with Sinclair Knight Merz (SKM) managing the ambient air quality monitoring component and 
CSIRO undertaking the nitrogen deposition study. 

The proposed approach to address the scope of work was a desktop review of key documents with review of 
additional documentation/information limited to points of clarification where necessary.   

3.3 Elements  
An element is defined in the Victorian Environment Protection Act 1970 as any of the principal constituent 
parts of the environment including waters, atmosphere, land, vegetation, climate, sound, odour, aesthetics, 
fish and wildlife.  

The scope of the review was limited to the atmosphere. 

3.4 Segment 
The aforementioned EPAV Publication No. 952.3 states that the segment of the environment must be 
described in terms of, but not limited to: 

 The geographical extent, including: 

 The boundaries of the premises or land area (such as a catchment) on which the activity is 
conducted. 

 That portion of the surrounding environment to which the activity may pose a risk that will be 
considered. 

 The time-frame to which the environmental audit applies. 

The geographical area considered for assessment of ambient air quality is the local and regional airshed 
surrounding the Pluto LNG Plant and the potential impact on environmental values or the health, welfare or 
amenity of the people and surrounding land uses.  

The timeframe to which the review applies is intended to cover 12 months of ambient air quality monitoring 
data for PM2.5 and BTX. The data covers the period 1 December 2011 to 31 December 2012 for PM2.5 and 1 
January 2012 to 31 December 2012 for BTX. 
                                                     
1  “Environmental Auditor Guidelines for the Preparation of Environmental Audit Reports on Risk to the Environment”, Environment Protection Authority of Victoria, Publication No. 
952.3, October 2012 
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3.5 Beneficial Values 
Section 3A of the Western Australia Environment Protection Act 1986 describes environmental harm to 
mean direct or indirect -  

a) harm to the environment involving removal or destruction of, or damage to — 

 i) native vegetation; or 

 ii) the habitat of native vegetation or indigenous aquatic or terrestrial animals; or 

b) alteration of the environment to its detriment or degradation or potential detriment or degradation; or 

c) alteration of the environment to the detriment or potential detriment of an environmental value; or 

d) alteration of the environment of a prescribed kind; 

material environmental harm means environmental harm that — 

a) is neither trivial nor negligible; or 

b) results in actual or potential loss, property damage or damage costs of an amount, or amounts in 
aggregate, exceeding the threshold amount; 

serious environmental harm means environmental harm that — 

a) is irreversible, of a high impact or on a wide scale; or 

b) is significant or in an area of high conservation value or special significance; or 

c) results in actual or potential loss, property damage or damage costs of an amount, or amounts in 
aggregate, exceeding 5 times the threshold amount. 

EPA has prepared a draft State Environmental (Ambient Air) Policy 2009. The draft Policy identifies 
environmental values to be protected which are:  

d) Human health and well- being 

e) The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

f) Visibility, local amenity and aesthetics.  

The risks presented in the local and regional airshed are documented in the EPA’s report and 
recommendations for the Pluto LNG Development dated July 2007 (pg 22): 

The EPA’s environmental objective for this factor is to ensure that emissions do not adversely affect 
environmental values or the health, welfare or amenity of the people and land uses by meeting statutory 
requirements and acceptable standards. 

The EPA notes the air dispersion modelling predicts compliance with the NEPM criteria for NO2 and O3 
during normal operations. For non-routine or process upset conditions, some exceedences of the NEPM 
criteria are predicted, although these do not occur near residential areas or sensitive receptors. The 
emissions of other pollutants during process upset conditions are unlikely to cause significant impacts. The 
EPA notes that the effect on regional air quality is predicted to be negligible.  

The EPA notes that the proposed use of best practice for fugitive emission control and the use of natural gas 
fired gas turbines results in ambient air quality that meets the NEPM criteria and the WHO criteria (for 
deposition).  

Having particular regard to the: 

a) best practice control of fugitive emissions; 

b) recommended condition requiring a Front End Engineering Design (FEED) report; and 
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c) recommended condition requiring an AQMP, 

It is EPA’s opinion that the proposal can be managed to meet the EPA’s environmental objectives for this 
factor [Air quality], provided the recommended conditions are made legally enforceable. 

This review assesses whether the data provided in the ambient air quality monitoring reports demonstrate 
compliance with the environmental values set in the draft State Environmental (Ambient Air) Policy and the 
National Environment Protection (Ambient Air Quality) Measure (Air NEPM) and National Environment 
Protection (Air Toxics) Measure (Air Toxics NEPM) standards for the identified beneficial uses.  

3.6 Expert Support Team 
The expert support team to Dr Helen Murphy was utilised, specifically Mark Tulau for data validation and 
Frank Fleer and Jonathan Medd of Golder Melbourne for peer review. Anthony Stuart of the Golder Perth 
office was Project Manager providing client liaison and local support.   

3.7 Stakeholder Involvement 
As the environmental regulator and instigator of this review, EPA was a key stakeholder and was consulted 
initially to confirm the appointment of the independent peer reviewer and the review methodology.  

The review scope did not include direct consultation with key stakeholders other than Woodside staff. 



WOODSIDE AIR QUALITY MANAGEMENT PLAN REVIEW 

  

July 2014 
Report No. 127643046-001-R-Rev2 11 

 

4.0 METHODOLOGY  
Section 10 of the AQMP indicates that the review process methodology will be agreed upon prior to the first 
review with EPA, Woodside and the independent peer reviewer. Woodside advised that the methodology 
adopted should be consistent with EPAV Publication No 952.3.  

The methodology adopted incorporated a desk top review of the following:  

 Review of background information provided by Woodside for the purposes of providing context to the 
ambient air quality data 

 Review of ambient air quality modelling results presented in the Public Environmental Report (PER) and 
other reports 

 Review of risk assessment completed as part of the EPA approval documentation 

 Review of air quality data: 

 12 months PM2.5 data 

 12 months BTX data 

 24 months NOx and ozone monitoring data 

 24 months nitrogen deposition data 

 Review of ambient air quality reports for consistency of reported data collection with Australian 
Standards 

 Review ambient air quality reports for any inconsistencies in data or gaps in data 

 Review ambient air quality data for trends 

 Assess consistency of data with that presented in the PER and subsequent air quality modelling reports 

 Assess consistency of data with the EPA’s assessment of risk, which was based on Air NEPM and 
EPAV objectives for BTX and, in the case of nitrogen dioxide (NO2), World Health Organisation2 (WHO) 
estimates for protection of vegetation.  

In addition, discussions were held with Mr Maris Steel (Woodside Environmental Team Leader) for the 
purposes of clarification. 

Wherever possible, verification of primary data (original data) is the preferred approach. Secondary sources 
are based on primary sources; in as much as they analyse and evaluate primary sources.  

Secondary sources are represented by the spreadsheet data generated from data collected from ambient air 
quality monitoring. This data has been reproduced in the reports provided by SKM and CSIRO. By assessing 
and repackaging this information, secondary sources make the primary information more accessible. These 
secondary data sources will be reviewed but verification of primary data is outside the scope of this audit.  

The independent collection of data to verify the information presented was excluded from the audit scope.  

The methodology proposed to EPA indicated that 12 months of monitoring data would be reviewed for PM2.5, 
BTX and a 24 month period for NOx and ozone covering the operational phase of the Pluto LNG project.  For 
nitrogen deposition, 24 months of monitoring data would be reviewed.  

                                                     
2 World Health Organisation (2000). Air Quality Guidelines for Europe, WHO regional publications. European series Number 91  
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Noting that the Pluto LNG project was commissioned in December 2011, the selection of the appropriate 12 
and 24 month monitoring data collection periods was a key consideration.  

PM2.5 monitoring commenced in early December 2011 to coincide with Pluto’s commissioning. 
Commissioning continued until April 2012 when the plant became fully operational. 

Although the PM2.5 monitoring incorporates over 12 months of data, it does not incorporate 12 months of 
steady state operations. As such, the four months of data gathered during commissioning may not be 
representative of steady state conditions. For PM2.5, as the data coincides with a time when the emission 
reduction system was not in operation (refer Section 7.6.2), it is anticipated that the data reflects a 
conservative worst case operation scenario.  

For simplicity, all monitoring data for PM2.5 has been reviewed which incorporates 13 months as opposed to 
12 months to incorporate any variations in emissions associated with the start up phase. The appropriate 
review period is therefore: 

 PM2.5   1 December 2011 to 31 December 2012 

 BTX 1 January 2012 to 31 December 2012 

Given the need to review 24 months of operational data, NOx, ozone and nitrogen deposition data, cannot be 
included at this point in time. As such, this report only relates to PM2.5 and BTX data.   

The methodology was endorsed by EPA on 16 October 2012.  
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5.0 DOCUMENTATION REVIEWED 
5.1 Background Information 
The following information was provided for review by the independent peer reviewer and, where appropriate, 
various members of the expert support team. 

 

Background Information 

 SKM: Pluto LNG Development Cumulative Air Quality Study. Dated October 2006 

 Environmental Protection Authority: Pluto LNG Development, Burrup Peninsula. Report and 
recommendations of the Environmental Protection Authority. Dated July 2007 

 SKM: Pluto LNG Development. Pluto Works Approval Supporting Study: Air Quality Study of Revised 
Plant. Dated December 2007 

 Department of Environment and Conservation: Works Approval W4444/2008/1 Pluto LNG Project. 
Dated 28 August 2008 

 Woodside: Pluto LNG Project Air Quality Management Plan Dated September 2011 

 Airlabs Environmental, 2013, Report on Emissions Monitoring Conducted at Woodside Pluto LNG 
Plant in Burrup, WA, Test Report No. JAN12002A, 5 March 2013 

PM2.5 and BTX Data: January 2010 – December 2012 

 SKM: Burrup Ambient Air Monitoring, 2010 Annual Report. Dated March 2011 

 SKM: Burrup Ambient Air Monitoring, 2011 Annual Report. Dated July 2012 

 SKM: Burrup Ambient Air Monitoring, 2012 Annual Report Dated May 2014 

 SKM: Burrup Ambient Air Monitoring, Quarterly Report October – December 2011. Dated March 
2012 

 SKM: Burrup Ambient Air Monitoring, Quarterly Report January – March 2012. Dated 16 July 2012 

 SKM: Burrup Ambient Air Monitoring, Quarterly Report April – June 2012. Dated 27 July 2012 

 SKM: Burrup Ambient Air Monitoring, Quarterly Report July - September 2012. Dated 31 October 
2012 

 SKM: Burrup Ambient Air Monitoring, Quarterly Report October - December 2012. Dated 25 March 
2013 

Supporting Data 

 DRIMS-#8116920-v3-Pluto_-_2012_Startup_smoke_reporting_against_flowrates.XLS   
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5.2 Reference Documentation 
 

Western Australia 

 Draft State Environmental (Ambient Air) Policy 2009. 

 Guidance for Risk Assessment and Management: Off-site Risk from Hazardous Industrial Plant, 2000, 
Guidance Statement No 2 

 Guidance for the Assessment of Environmental Factors, 1998, Guidance Statement No 34 

 

Victoria 

 Environmental Auditor Guidelines for the Preparation of Environmental Audit Reports on Risk to the 
Environment (EPA Publication 952.3, October 2012). 

 Environmental Auditor Guidelines for Conducting Environmental Audits (EPA Publication 953.2, August 
2007). 
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6.0 INITIAL ESTIMATES OF EMISSIONS 
The Pluto LNG Development Draft PER dated December 2006 describes in detail the LNG plant (comprising 
two trains) and associated emission sources. Section 5.1.2.3 of the report references the October 2006 
report by SKM entitled: Pluto LNG Development Cumulative Air Quality Study and describes the criteria upon 
which initial estimates of air quality environmental impact were based.  

These were:  

 Annual LNG production of 5.9 Mt per annum per train (note: the PER indicates a maximum total 
capacity of approximately 12 Mt per annum at full production and assumes 95% utilisation) 

 Sources associated with gas turbines, wet and dry flares, marine flare and acid gas recovery unit 
(AGRU) 

 Normal operating emissions of 69 grams per second of NOx 

 Two non-routine scenarios representing  

 a 1 in 30 year upset case which is considered to be the worst credible case and relates to a 
blocked mixed refrigerant compressor outlet leading to flaring from the Cold Dry Flare for 
approximately 15 minutes duration and  

 an annual shut down event relating to depressurising of the propane compressor circuit resulting in 
flaring for up to 10 hours and  

 all equipment on the train shutting down corresponding to total NOx emissions for each upset event 
of 226 grams per second for 15 minutes and of 147 grams for up to 10 hours respectively.  

The estimated annual emissions from the LNG Development Point Sources are shown in Table 1. 

Table 1: Estimated Annual Emissions from Development Point Sources (source: PER) 

Species Gas Turbines 
Flares (Pilot Flames) 

(tpa) 
Total Estimated Emissions 

(tpa) 

NO2 2163.4 28.4 2191.8 
SO2 305.9 0.0 305.9 
PM10 0.0 4.5 4.5 
CO 1380.1 155.6 1536.7 
VOC 0.0 58.7 58.7 
Benzene 2.7 0.049 2.8 
Toluene 2.7 0.024 2.8 
Ethylbenzene 1.4 0.0 1.4 
Xylene 4.1 0.0 4.1 
Formaldehyde 0.0 0.5 0.5 
Acetaldehyde 0.0 0.05 0.05 
 

Details of existing sources and inputs to the air dispersion model TAPM were also detailed in Sections 
5.1.2.2 and 5.1.2.5 of the PER. On the basis of these estimates, the TAPM results for normal operations 
were represented as detailed in Table 2. 
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Table 2: Comparison of Predictions with Standards and Guidelines (Source: PER) 

Air Pollutant Averaging 
Period Standard 

Predicted Maximum Concentration for 
Pluto LNG Development/Associated 

Results 

NO2 
1 hour 
Annual 

120 ppb 
30 ppb 

89 ppb 
9 ppb 

O3 
1 hour 
4 hours 

100 ppb 
80 ppb 

79 ppb 
67 ppb 

Particles as PM10 24 hours 50 µg/m3 Many exceedences due to iron ore handing 

Particles as PM2.5 
24 hours 
Annual 

25 µg/m3 
8 µg/m3 

(advisory – gather 
data) 

Probable exceedences near Dampier due 
to iron ore handling (assuming PM2.5 ~ 20% 

of PM10 on windy days) 

SO2 
1 hour 
Annual 

200 ppb 
20 ppb 

110 ppb 
6 ppb 

SO2 deposition Annual WHO (2000): 8-
16 kg/ha/annum Typical high 2 kg/ha/annum 

NO2 deposition Annual WHO (2000): 49-
66 kg/ha/annum Typical high 4 kg/ha/annum 

All other pollutants Various Various All significantly less than EPA goals, for 
example, EPAV and NSW DEC 

 

The December 2007 report by SKM entitled: Pluto Works Approval Supporting Study: Air Quality Study, 
noted that “The Environmental Protection Authority assessment of the draft PER recommended that 
modelling should include emissions from other significant industrial sources planned for the region including 
the Gorgon Gas Development at Barrow Island and the proposed Austeel Direct Reduced Iron plant at Cape 
Preston”.  

The SKM study, in addition to including further sources, reviewed the configuration of the proposed LNG 
plant and emission source data.  

Changes included a reduction in nominal capacity of each train to 4.7 Mt per annum as well as modifications 
to turbine configuration and revisions to emissions sources as detailed below.  

 Five Frame 6 turbines replaced with four Frame 6  Dry Low NOx turbines with waste heat recovery units 
plus two Frame 7 DLN gas turbines for process refrigeration   

 Deletion of one Frame 6 power generation turbine and substitution of one Frame 5 extended 
liquefaction turbine for a Frame 6 extended liquefaction turbine 

 Deletion of a fired heater unit 

 Updated source emission data 

 Turbine vendor emission data for Frame 6 and Frame 7 units 

 Updated regenerative thermal oxidation fuel gas composition data 

 Updated flaring emissions  

 Updated source locations 

 Source elevations adjusted to 56.5 m above terrain file sea level.  
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The report notes that “compared to the original configuration of the Pluto Plant, these revisions do not 
significantly change the plant operational capacity and as such the overall environmental impact of these 
changes is not expected to be significant”. 

The Department of Environment and Conservation in its Environmental Assessment Report (August 2008) 
noted that modelling included a range of receptors not limited to sensitive residential receptors. As such, it 
utilised the maximum predicted ground level concentration for residential sensitive sources only. It also 
considered the one in 30 year event to be well beyond the ‘95th percentile worst case operating conditions’ 
and did not utilise these values in the environmental risk assessment. 

The subsequent works approval granted on 28 August 2008, noted that approval was for one train (refer 
Section 1.3.2 page 7 of 28) and hence modelling estimates represented higher emissions than would be 
expected from single train operation.  

A summary of the predicted maximum concentrations versus the actual data is presented in Section 7.0.  
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7.0 AMBIENT AIR QUALITY MONITORING 
The Environmental Assessment Report undertaken by the Department of Environment and Conservation 
outlined its assessment of the Pluto LNG development based on predicted/actual ambient concentrations of 
pollutants as a percentage of emission standards together with an assessment of socio-political risk and 
level of community interest or concern. The resultant risk reduction matrix was utilised to determine the 
overall risk and the recommended strategy for managing emissions to air.   

The ambient air quality monitoring network was installed at the end of 2008, comprising four monitoring 
stations located at Burrup Road (commissioned October 2008), Dampier (commissioned December 2008), 
Wickham (commissioned October 2008) and Karratha (commissioned September 2008).  

Based on recommendations contained in the 2009 Burrup Ambient Air Monitoring Background Report, the 
Wickham station was decommissioned at the end of April 2010 and BTX monitoring was discontinued at the 
Dampier and Karratha stations. Currently there are only two BTX monitors co-located at Burrup Road; the 
second monitor installed to avoid data loss and facilitate more frequent span checks and improve data 
capture rates.  

PM2.5 monitoring equipment (commissioned in late November 2011) is located at Burrup Road, Dampier and 
Karratha. 

As noted under Section 5, verification of primary data was not possible. However, secondary data from 
ambient air quality monitoring stations as represented by the air quality spreadsheet data together with the 
summary reports provided by SKM were reviewed including the methodologies adopted, calibration of 
equipment and data checks.  

7.1 Siting of Equipment 
The monitoring stations were reportedly established in accordance with the standard of the day namely, 
AS2922-1987 Ambient Air – Guide for the Siting of Sampling Units. 

This standard has since been replaced with AS3580.1.1:2007. Whilst it is noted that any non-compliances 
identified based on either standard would be similar, the report should still contain a statement as to whether 
monitoring locations are compliant with the requirements of AS/NZS 3580.1.1 “Methods for Sampling and 
Analysis of Ambient Air - Guide to Siting Air Monitoring Equipment” and whether these non-compliances are 
significant.  

Recommendation 1: It is recommended that future reports include a statement regarding compliance of 
monitoring locations against the requirements of AS/NZS 3580.1. 

7.2 Meteorological Monitoring 
Meteorological monitoring is reported to be monitored in accordance with the following standards: 

 AS 2923 1987 “ Ambient Air – Guide For Measurement of Horizontal Wind For Air Quality Applications”  

 USEPA 450/4-87 “On-Site Meteorological Program Guidance for Regulatory Modeling Applications” 

AS 2923 has been superseded by AS/NZS 3580.14 “Meteorological Monitoring and Analysis for Ambient Air 
Quality Monitoring Applications – 2011”.  AS/NZS 3580.14 also contains requirements for the other 
meteorological parameters listed in USEPA 450/4-87 (ambient temperature, relative humidity, solar radiation, 
atmospheric pressure and precipitation). Table 3 lists the main differences between AS2923 and AS/NZS 
3580.14 with respect to the measurement of wind speed and wind direction. 

Recommendation 2: it is recommended that meteorological equipment be assessed against the 
requirements of AS/NZS 3580.14 as opposed to AS/NZS 2923. 
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Table 3: Comparison between AS 2923 and AS/NZS 3580.14 
Parameter AS 2923 AS/NZS 3580.14 

   

Anemometers supported Mechanical anemometers only Mechanical and ultrasonic 
anemometers 

Anemometer classes 3 1 
Calibration frequency  6-12 months (Class 1) Initial then every 2 years 

Calibration standard Not specified External authority traceable to the 
international system of units (SI) 

Wind tunnel calibration Not specified 10 point calibration 
Wind Speed Systems   

Accuracy  ±0.2 to ±0.5 m/s (below 10 m/s) 
±0.5 to ±1.0 m/s (10 m/s and above) 1% or ±0.2 m/s whichever is greater 

Starting threshold ≤ 0.5 m/s ≤ 0.4 m/s 
Distance constant < 2m ≤ 3 m  
Wind Direction Systems   
Total accuracy ± 3o ± 3o 
Threshold < 0.3 m/s 0.5 m/s at 10o 
Damping ratio 0.4 to 1.0 0.25 to 0.6 
 

7.3 Equipment Calibration and Maintenance 
7.3.1 Particulate Matter  
Particulate matter (as PM2.5) is reported to be monitored in accordance with the equipment manufacturer’s 
instructions (OPSIS SM200 User’s Guide). The OPSIS SM200 uses the beta attenuation method to measure 
and report PM2.5 concentrations. The draft Australian and New Zealand standard DR AS/NZS 
3580.9.12 “Methods for sampling and analysis of ambient air - Part 9.12: Determination of suspended 
particulate matter - PM2.5 beta attenuation monitors” should be considered as the appropriate standard to 
follow. 

The draft standard specifies the calibration and maintenance requirements for beta attenuation monitors as 
shown in Table 4. 

The SKM reports refer to calibration on installation in November 2011 and again in July 2012. This is not 
consistent with three monthly calibrations required for operational mass precision and volumetric flow rates.  

Recommendation 3: It is recommended that calibrations are undertaken in accordance with DR AS/NZS 
3580.9.12 for beta attenuation monitors. 
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Table 4: Beta Attenuation Monitors Calibration Requirements 
Calibration Component  Frequency 

Operational mass precision check  ≤ 3 months 
Particle mass calibration ≤ 12 months 
Multipoint particle mass precision check ≤ 12 months 
Volumetric flow rate check ≤ 3 months 
Volumetric flow rate calibration  ≤ 12 months 
Pressure transducer check and calibration  ≤ 12 months 
Temperature sensor check and calibration ≤ 12 months 
Zero check  ≤ 12 months 

 

7.3.2 Benzene, Toluene and Xylene Isomers (BTX) 
BTX monitoring was conducted using a gas chromatograph fitted with a photoionization detector (GC/PID).  

Schedule 3 of the Air Toxics NEPM lists the following reference methods for BTX ambient air quality 
monitoring: 

 United States Environmental Protection Agency (USEPA) Method TO-14A “Determination Of Volatile 
Organic Compounds (VOCs) In Ambient Air Using Specially Prepared Canisters With Subsequent 
Analysis By Gas Chromatography” (January 1999) 

 USEPA Method TO-15 “Determination Of Volatile Organic Compounds In Air Using Specially-
Prepared Canisters And Analysed By Gas Chromatography/Mass Spectrometry (GC/MS)” (January 
1999) 

 Alternative sampling and analytical methods may be used where equivalence can be 
demonstrated, in accordance with either USEPA or NATA requirements.   

USEPA Method TO-17 “Determination of Volatile Organic Compounds in Ambient Air Using 
Active Sampling onto Sorbent Tubes” is specifically noted in the Air Toxics NEPM as an 
alternative method, provided that equivalence can be demonstrated.  Alternative methods that 
do not meet USEPA or NATA equivalence requirements may be approved by the National 
Environment Protection Council (NEPC) provided that the method has been developed or used 
by a recognised agency. 

Table 8.4 of the AQMP identified the Synspec GC955 gas chromatograph as the equipment to be utilised for 
BTX analysis and references the Synspec GC955 series manual as the monitoring standard. Although EPA 
endorsed the AQMP, the BTX monitoring method is not a reference method specified in the Air Toxics 
NEPM, nor the only alternative method specifically noted.   

Documentation available from the manufacturer (Synspec b.v., Netherlands) does however note that the 
GC955 Series 600 BTEX analyser has Conformité Européenne approval for European Standard EN 14662-
3:2005 “Ambient air quality: Standard method for measurement of benzene concentrations - Automated 
pumped sampling with in situ gas chromatography”, suggesting compliance with the requirements of that 
method.  In the absence of any specific NEPC guidance, the Synspec GC955 gas chromatograph is 
consequently considered an acceptable alternative method for the monitoring of BTX.   
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7.4 National Association of Testing Authorities (NATA) 
The SKM document “Burrup Ambient Air Monitoring - Maintenance and Breakdown Response Plan” states 
that Ecotech Pty. Ltd (Ecotech) is the appointed sub-contractor and will operate the monitoring stations in 
accordance with their NATA accreditation.  

Ecotech holds NATA accreditation for all the parameters listed with the exception of BTX by GC/PID. 
Ecotech do, however, hold NATA accreditation for BTX by Differential Optical Absorption Spectroscopy 
(DOAS). Ecotech’s scope of NATA accreditation is attached for reference in Appendix B. 

Recommendation 4:  NATA accreditation for the test method should be confirmed.  

7.5 Data Validation 
Data checks were conducted on the annual reported maximum concentrations at each monitoring station for 
the years 2010 and 2011 (SKM reports “Burrup Ambient Air Monitoring 2010 Annual Report” and “Burrup 
Ambient Air Monitoring 2011 Annual Report”, as well as the quarterly reports for 2012 (SKM report “Burrup 
Ambient Air Monitoring. Quarterly Report January – March 2012; April – June 2012, July – September 2012 
and October-December 2012).  

There were some inconsistencies associated with data resulting in some minor variances in the reported 99th 
percentiles and 95th percentiles for toluene and xylene for the January to March 2012 and April to June 2012 
quarterly reports. In some cases it appears to be due to truncation of data as opposed to data being rounded 
up to the nearest first decimal place. These inconsistencies are not considered to be material in the datasets 
reviewed. 

The identified errors are noted in Table 5. 

Table 5: Toluene and Xylene Reporting Errors 
Parameter Report SKM Reported Results Actual Results 

  Burrup 1 Burrup 2 Burrup 1 Burrup 2 
Toluene Jan to March 2012     
 99th percentile 2.0 3.7 1.77 3.6 

 April to June 2012     
 99th percentile 0.4 0.4 0.48 0.54 

 95th percentile  0.1  0.21 
Xylene Jan to March 2012     
 99th percentile 2.1 3.8 2.28 3.6 

 95th percentile 1.2 0.3 1.35 0.2 

 Average  0.2  0.1 

 April to June 2012     
 99th percentile 0.1  0.18  

 

Recommendation 5: In collating data for consolidation within reports, truncation of data should be avoided.  

7.5.1 Benzene, Toluene and Xylene Isomers (BTX) Data 
Burrup Road monitoring station has had two BTX monitors installed since May 2010. A comparison of the 
reported 1 hour averages for the two monitors from May 2010 to December 2012 showed good correlation 
between the two monitors for the majority of the time with less than 1 ppb difference. Table 4 reports the 
occasions where the observed difference between monitors was greater than 1 ppb (shaded cells highlight 
where the measured concentration on monitor 2 was greater than 1 ppb different from monitor 1). 
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Given the Air Toxics NEPM monitoring investigation level for benzene is only 3ppb (annual average) and that 
there are significant differences between the two monitors, it is considered that reporting the average 
concentration from the two instruments may not correctly represent benzene levels at the Burrup Road 
station. Similarly, whilst all xylene readings are substantially below the Air Toxics monitoring investigation 
level (annual and 24 hour average) there are a number of occasions when the variations between the 
monitors are statistically different (p<0.5).   

Recommendation 6: It is recommended that this data undergo further validation to confirm what data should 
be included in the report. 

Table 6: BTX Monitors Comparison – Burrup Road AAQMS 
Date Benzene-1 Toluene-1 Xylene-1 Benzene-2 Toluene-2 Xylene-2 

28/07/2010 16:00 0.00 0.00 0.38 0.02 0.02 2.26 

29/07/2010 14:00 0.00 0.00 0.30 0.01 0.00 2.13 

29/07/2010 16:00 0.00 0.00 0.18 0.02 0.03 1.46 

22/08/2010 14:00 0.00 0.02 0.55 0.03 0.02 2.29 

22/08/2010 15:00 0.00 0.01 0.42 0.01 0.01 1.50 

22/08/2010 16:00 0.00 0.01 0.71 0.02 0.02 3.51 

23/08/2010 14:00 0.03 0.02 0.32 0.06 0.06 1.41 

31/08/2010 9:00 0.00 0.01 1.25 0.04 0.02 4.22 

31/08/2010 10:00 0.00 0.02 1.54 0.03 0.06 4.17 

31/08/2010 11:00 0.01 0.01 0.75 0.02 0.03 2.11 

31/08/2010 12:00 0.06 0.08 1.49 0.11 0.13 3.85 

31/08/2010 13:00 0.01 0.01 1.99 0.02 0.04 6.24 

31/08/2010 14:00 0.02 0.02 2.75 0.02 0.05 7.77 

31/08/2010 15:00 0.02 0.01 1.18 0.03 0.03 3.49 

31/08/2010 16:00 0.00 0.01 1.62 0.00 0.00 4.96 

31/08/2010 17:00 0.00 0.00 1.78 0.01 0.01 5.11 

1/09/2010 11:00 0.00 0.02 5.34 0.03 0.11 19.64 

1/09/2010 12:00 0.00 0.00 2.01 0.06 0.10 9.91 

1/09/2010 13:00 0.00 0.00 0.70 0.01 0.01 3.44 

1/09/2010 14:00 0.00 0.00 0.27 0.02 0.03 1.54 

1/09/2010 16:00 0.00 0.01 0.33 0.01 0.04 1.48 

2/09/2010 16:00 0.00 0.00 0.72 0.00 0.00 3.41 

2/09/2010 17:00 0.00 0.00 0.54 0.01 0.00 2.67 

10/10/2010 16:00 0.68 4.12 0.87 1.11 9.71 4.09 

8/01/2011 21:00 3.2 2.0 0.6 1.8 1.6 0.4 

9/01/2011 3:00 3.2 1.7 0.4 1.7 1.2 0.4 

29/01/2011 19:00 3.2 1.9 0.6 2.2 1.6 0.4 

29/01/2011 20:00 3.0 1.6 0.5 2.0 1.3 0.4 

18/02/2011 10:00 1.1 2.2 0.6 0.6 1.2 0.4 

19/02/2011 20:00 3.3 2.8 1.5 2.0 1.7 0.6 

7/03/2011 19:00 1.9 3.8 1.4 0.9 1.8 0.5 
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Date Benzene-1 Toluene-1 Xylene-1 Benzene-2 Toluene-2 Xylene-2 

25/05/2011 10:00 0.6 3.7 1.3 0.2 1.3 0.4 

20/07/2011 23:00 6.6 5.4 2.4 6.2 3.5 1.0 

30/07/2011 9:00 0.1 0.1 2.6 0.1 0.0 1.0 

30/07/2011 10:00 0.0 0.1 2.1 0.0 0.0 0.8 

1/08/2011 9:00 0.0 0.2 7.9 0.1 0.1 4.8 

1/08/2011 10:00 0.0 0.1 4.3 0.0 0.1 2.3 

11/08/2011 10:00 0.0 0.1 1.8 0.1 0.0 0.5 

12/08/2011 9:00 0.0 0.4 9.8 0.0 0.2 6.7 

3/09/2011 13:00 0.1 0.1 4.1 0.1 0.0 1.5 

6/09/2011 8:00 0.1 0.2 1.8 0.0 0.1 0.7 

6/09/2011 19:00 2.3 2.3 1.1 1.1 0.9 0.3 

6/09/2011 20:00 1.7 1.7 0.8 0.6 0.7 0.2 

20/09/2011 9:00 0.0 0.0 1.5 0.0 0.0 0.4 

28/09/2011 9:00 0.0 0.1 3.1 0.0 0.1 1.0 

2/10/2011 9:00 0.0 0.0 0.0 0.0 0.0 1.2 

6/10/2011 10:00 0.0 0.0 0.0 0.1 0.1 1.2 

6/10/2011 11:00 0.0 0.0 0.0 0.0 0.1 2.6 

15/10/2011 2:00 0.0 0.0 0.0 0.7 1.0 1.0 

20/10/2011 7:00 0.0 0.0 0.0 0.0 0.1 1.1 

1/11/2011 10:00 1.2 2.3 11.5 0.4 2.5 9.8 

1/11/2011 11:00 0.4 0.9 6.8 0.1 0.4 2.3 

1/11/2011 20:00 1.2 2.0 0.4 0.4 0.6 0.2 

2/11/2011 9:00 0.2 1.0 1.6 0.0 0.3 0.5 

2/11/2011 10:00 0.3 0.6 4.2 0.0 0.3 1.4 

2/11/2011 11:00 0.1 1.0 2.4 0.1 0.2 0.5 

2/11/2011 23:00 0.1 0.1 1.8 0.0 0.1 0.4 

16/11/2011 0:00 1.5 0.9 0.1 0.4 0.4 0.2 

22/11/2011 2:00 0.1 0.0 0.0 0.4 0.9 1.4 

22/11/2011 16:00 0.4 0.6 1.1 0.1 0.1 0.0 

22/11/2011 18:00 3.7 6.7 1.7 1.3 1.8 0.7 

22/11/2011 19:00 1.3 2.3 0.5 0.5 0.6 0.2 

23/11/2011 8:00 0.1 0.0 1.7 0.1 0.0 0.5 

23/11/2011 9:00 0.1 0.0 3.3 0.1 0.0 1.0 

24/11/2011 8:00 0.1 0.0 8.4 0.0 0.0 3.8 

24/11/2011 9:00 0.0 0.0 7.3 0.0 0.1 3.0 

24/11/2011 10:00 0.0 0.0 2.5 0.0 0.1 0.9 

24/12/2011 4:00 3.2 5.4 2.4 0.2 0.1 0.0 

24/12/2011 7:00 1.1 1.7 0.4 0.4 0.5 0.2 

24/12/2011 10:00 1.9 2.8 0.7 0.9 1.3 0.4 
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Date Benzene-1 Toluene-1 Xylene-1 Benzene-2 Toluene-2 Xylene-2 

19/01/2012 12:00 10.6 11.5 11.5 6.5 6.8 7.2 

19/01/2012 13:00 17.8 19.2 17.7 20.5 20.6 20.4 

20/01/2012 2:00 0.0 0.0 0.0 6.5 6.9 7.0 

20/01/2012 3:00 0.0 0.1 0.1 11.6 12.8 13.2 

20/01/2012 10:00 2.1 2.5 2.1 0.1 0.0 0.0 

20/01/2012 11:00 13.5 12.0 13.3 0.0 0.0 0.0 

20/01/2012 12:00 10.0 12.0 10.9 0.0 0.0 0.0 

20/01/2012 14:00 4.4 8.2 5.7 0.1 0.0 0.0 

20/01/2012 15:00 2.2 3.3 4.4 10.1 11.1 11.1 

20/01/2012 16:00 0.0 0.1 0.1 13.3 14.7 14.4 

20/01/2012 17:00 0.0 0.0 0.1 14.1 14.6 15.5 

20/01/2012 18:00 0.0 0.0 0.0 14.2 15.1 15.8 

20/01/2012 19:00 0.0 0.0 0.0 14.2 15.3 15.7 

20/01/2012 20:00 0.0 0.0 0.0 14.2 14.9 15.6 

20/01/2012 21:00 0.0 0.0 0.0 6.4 6.9 7.6 

30/01/2012 18:00 2.8 2.4 0.4 1.3 1.6 0.3 

30/01/2012 19:00 3.2 2.0 0.3 1.9 1.0 0.0 

30/01/2012 21:00 2.8 1.4 0.2 0.5 0.4 0.1 

30/01/2012 22:00 5.0 4.2 0.9 2.3 2.2 0.7 

30/01/2012 23:00 6.7 5.2 0.6 3.8 2.4 0.8 

9/02/2012 1:00 0.3 1.5 0.4 0.5 0.3 0.4 

9/02/2012 12:00 0.1 0.0 0.0 1.2 0.5 0.7 

9/02/2012 17:00 1.6 0.7 0.5 0.0 0.1 0.1 

9/02/2012 18:00 7.1 2.1 1.6 3.2 2.0 1.2 

9/02/2012 19:00 8.6 2.8 2.3 3.2 2.6 0.6 

9/02/2012 20:00 2.3 1.2 0.6 0.5 0.7 0.2 

12/02/2012 0:00 0.3 0.2 7.9 0.7 0.4 3.1 

19/02/2012 20:00 1.8 2.7 0.5 0.9 1.2 0.2 

21/02/2012 8:00 0.0 0.4 3.6 0.1 0.2 2.3 

21/02/2012 9:00 0.2 0.8 9.0 0.2 0.3 4.6 

21/02/2012 10:00 0.0 0.3 1.7 0.2 0.3 2.8 

21/02/2012 20:00 0.1 4.7 13.4 0.2 1.9 7.7 

21/02/2012 21:00 0.1 3.5 10.9 0.1 1.3 5.7 

21/02/2012 22:00 0.1 4.2 13.0 0.2 1.7 7.5 

21/02/2012 23:00 0.1 4.1 12.8 0.2 1.6 7.0 

22/02/2012 0:00 0.0 2.5 8.7 0.1 0.9 4.3 

22/02/2012 1:00 0.0 2.4 8.6 0.2 0.9 4.4 

11/05/2012 20:00 0.2 0.4 0.1 1.0 2.5 0.9 

11/05/2012 21:00 0.1 0.3 0.0 0.7 1.7 0.7 
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Date Benzene-1 Toluene-1 Xylene-1 Benzene-2 Toluene-2 Xylene-2 

11/05/2012 22:00 0.1 0.2 0.0 0.6 1.4 0.7 

24/07/2012 18:00 15.0 14.0 4.6 9.7 6.6 1.6 

24/07/2012 19:00 4.3 3.5 1.0 1.9 1.3 0.3 

4/08/2012 19:00 2.8 2.0 0.8 0.7 0.7 0.3 

29/08/2012 22:00 2.0 2.6 2.0 0.6 1.3 0.8 

10/09/2012 0:00 5.3 9.7 6.3 2.3 9.3 3.9 

14/09/2012 21:00 4.9 8.1 3.4 1.6 2.6 1.3 

 

The Synspec GC955 calibration procedure outlined in Section 2.1 of the quarterly monitoring report (SKM 
report “Burrup Ambient Air Monitoring Quarterly Report October – December 2012” states that a negative 
offset is applied to the data to bring the baseline back to zero.  

Recommendation 7: Given the limit of detection needed to meet Air Toxics NEPM requirements and the 
differences between co-located instruments a comment on the magnitude of the offset and the effect on the 
data set is required.  

7.6 Review of Results against Predictions 
SKM monitoring data was presented in terms of maximum, 99th, 95th, 90th, and 70th percentiles, median, 
minimum and, where appropriate, annual average. 

As the Air Toxics NEPM and Air NEPM ambient air quality criteria are based on annual averages or 
maximum levels achieved and number of exceedences, the comparison against predictions is limited to 
these results. 

7.6.1 Particulate Matter 
The Environmental Assessment Report prepared by the Department of Conservation and Environment 
(August 2008) notes that:  

“….while PM10 appears to be reasonably significant from the values presented….the modelling did not 
predict any increase in PM10 emissions from the Pluto LNG development above the existing ambient levels. 
As such, PM10 emissions from the proposal have been assessed as being insignificant”.  

The assessment report also refers to a predicted/actual ambient concentration of 6 µg/m3 for PM10 (24 hour 
average), attributable to iron ore handling near Dampier.  No licence condition or monitoring was required.  

In relation to PM2.5, it was noted that there was an uncertain contribution to particulate matter less than PM10 
associated with flaring. Whilst the environmental risk was low there was a medium level of public interest 
with respect to the potential for reduced visual amenity and public nuisance. The licence requires reporting 
on black smoke generation and continual implementation and review of flaring mitigation measures.  

A review of PM2.5 data against the Air NEPM advisory reporting standards is presented in  
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Table 7, indicating the maximum concentrations measured at each monitoring station. 

It should be noted that the Burrup Road OPSIS SM 200 monitor was flat lining after maintenance in late 
March, culminating in its removal in May 2012 for repairs. It was returned to operational status on 9 July 
2012.  
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Table 7: PM2.5 Maximum Concentration Summary 
Averaging Period NEPM Standard Karratha Burrup Rd Dampier 

24 hour (µg/m3) 25    
2012* (µg/m3)  310 74 72 
Annual (µg/m3) 8    
2012* (µg/m3)  10 8 5 
* Note: this contains data from December 2011 

Whilst the Air NEPM does not specify an acceptable maximum number of exceedences, the dates on which 
the 24 hour average was exceeded and the corresponding concentration during that period is noted in Table 
8. 

As the data corresponds to two distinct operating periods of the plant, the data has been separated into two 
periods: December 2011 through to March 2012, representing the commissioning and start up phase, and 
April 2012 through to December 2012 representing the ramp up and LNG production phase. A comparison of 
the data is provided in Table 9 and Table 10, indicating no significant differences between the two phases.   

 
Table 8: PM2.5 Exceedences 

Date Karratha Burrup Road Dampier 

01/12/2011   31.2 
12/12/2011  46.4  
16/12/2011  32.6  
17/12/2011 29.9 33.4  
18/12/2011 37.4   
19/12/2011 40.4   
21/12/2011 71.9   
22/12/2011 25.2   
20/02/2012  72.4  
12/04/2012   72.1 
26/06/2012 67.5   
17/09/2012  30.8 29.1 
09/10/2012 29.9   
10/10/2012 58.0   
11/10/2012 309.5 74.3 31.2 
12/10/2012 134.3 43.6  
13/10/2012 29.3 26.7  
25/10/2012 28.0   
26/10/2012 27.3 26.2  
20/12/2012   34.6 
21/12/2012   33.3 
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Table 9: PM2.5 Data from 1 December 2011 to March 2012 

 
PM2.5 Concentration (µg/m3) 

Karratha Dampier Burrup 
Average 8.33 6.96 6.30 
100th percentile 71.89 31.21 72.41 
99th percentile 39.99 21.37 51.90 
95th percentile 21.63 14.75 24.76 
Air NEPM 24h 25 25 25 
Air NEPM annual 8 8 8 
Exceedences 24 h 5 1 4 
Exceedences annual 1 0 0 

 

Table 10: PM2.5 Data from April 2012 to December 2012 

 

PM2.5 Concentration (µg/m3) 

Karratha Dampier Burrup 
Average 9.16 7.06 9.66 
100th percentile 309.53 72.07 74.30 
99th percentile 61.42 31.96 34.49 
95th percentile 19.99 18.17 21.41 
NEPM 24h 25 25 25 
NEPM annual 8 8 8 
Exceedences 24 h 8 5 5 
Exceedences annual 1 0 1 

 

The Pluto LNG Development Cumulative Air Quality Study notes that “particulate matter as PM10 and PM2.5 
currently present the most significant air quality impacts in the Burrup Peninsula region. Primarily the higher 
PM10 levels are observed on days of high wind speeds and on these days the PM2.5 fraction is reduced from 
approximately 50% to approximately 20% of the PM10 mass concentration. This indicates that wind-blown 
dust is a key cause of PM10 impacts and these emissions have been attributed to iron-ore handling activities 
in Dampier…..”  

A report on concentrations of air pollutants on the Burrup Peninsula3 undertook limited PM10 monitoring 
which was specifically undertaken to produce a fingerprint for particulate originating from the Parker Point 
iron ore loading facilities. This same report indicates that TSP concentrations considered to represent 
background levels were approximately 22 µg/m3. These background locations were distant from industrial 
development and anthropogenic influences. Measurements taken during August 2004 to September 2005 at 
the lower Burrup Peninsula indicate higher averages of 36 µg/m3 (range 12.1 µg/m3 to 135.2 µg/m3) with 
higher monthly averages in January 2005 and February 2005. 

Hence, whilst there is background data available for the region it relates to TSP or PM10 or PM2.5. Without 
detailed analysis and correlation between these fractions, or a robust minimum 12 month period of PM 2.5 
background monitoring, it is not possible to interpret the results obtained for PM2.5 at Karratha, Dampier and 
Burrup.  
                                                     
3 Burrup Peninsula Air Pollution Study: Interim Report on Concentrations of Air Pollutants on the Burrup Peninsula July 2007. Rock Art 
Monitoring Management Committee 
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Nonetheless, at this stage, annual average data for PM2.5 is largely compliant with the annual advisory 
reporting standard (with the exception being 8.3 µg/m3 at Burrup Road).  

It should be noted that the PM2.5 advisory reporting standard is a health-based standard to assess the results 
of monitoring for particles as PM2.5.  These standards do not have a timeframe for compliance associated 
with them. The current review of the Air NEPM indicates that the PM2.5 advisory reporting standard will be 
revised to a compliance standard4.   

Figures 2 to 5, plot the 13 months of PM2.5 data by location. Based on the limited data set, there would 
appear to be seasonal differences at all sites with elevated emissions over the Summer period, however, this 
could be related to drier conditions and higher levels of road dust. Burrup Road data would appear to 
suggest a slightly increasing trend compared to December 2011 to March 2012 data, however with four 
months data missing, it is difficult to identify any particular trend at this stage.  

 

 
Figure 2: PM2.5 24 Hour Average - Karratha 

                                                     
4 Review of the National Environment Protection (Ambient Air Quality) Measure. Draft Discussion Paper Air Quality Standards. National 
Environment Protection Council February 2010. 
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Figure 3: PM2.5 24 Hour Average - Burrup Road 

 
Figure 4: PM2.5 24 Hour Average - Dampier 
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Figure 5: PM2.5 24 Hour Average - All Sites 

 

The SKM 2012 Annual Report includes back trajectory plots for the days that PM2.5 concentrations exceeded 
the Air NEPM Standard.  

For Karratha, the wind roses indicate that the highest concentrations are strongly associated with westerly 
and easterly daily mean winds with the maximum concentrations associated with easterly winds from 10 to 
12 October 2012.  

For Burrup Road, the wind roses indicate that the highest concentrations are strongly associated with south-
westerly to westerly and easterly daily mean winds with the maximum concentrations associated with north-
easterly winds on 20 February 2012 and easterly winds on 10 October 2012.  

For Dampier, the wind roses indicate that the highest concentrations are strongly associated with westerly 
and easterly daily mean winds with the maximum concentrations associated with easterly winds on 12 April 
2012.  

The SKM 2012 Annual Report also notes (refer pg 62) that high concentrations were not associated with 
flaring emissions or episodes of observed black smoke from the Woodside LNG Plant. A review of 
Woodside’s start up smoke conditions against firing rate indicated no dark smoke events associated with the 
days of PM2.5 exceedence for the period 1 January 2012 to 21 December 2012.  

Although elevated PM 2.5 levels were recorded in December 2011, Woodside reported that flaring at this time 
was limited to a very small flare rate through a temporary flare set up near ground level adjacent to the main 
flare tower, No smoke was recorded during 2011. Smoke was first recorded from the Pluto (Site B) flare 
systems on 24 January 20125.   

 

                                                     
5 Email dated 27 June 2014. Robert Hearn 
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Woodside provided a timeline of flaring applicable to the PM2.5 monitoring period as follows:  

 2012: Flaring commenced from the storage and loading flare (at Site A) on 14 January 2012, but did 
not produce smoke. The cold dry flare (Site B) was first used to commission the propane system which 
resulted in smoke on 24 January 2012 and was not substantially required again until 25 March 2012. 

 March 2012 to May 2012: Commissioning required higher rates of flaring to continue, with LNG 
produced in May 2012. 

 May 2012 to February 2013: LNG production continued during the broader start-up phase, with some 
periods of continuous flaring. Smoke production was only intermittent, associated with upsets, 
recommissioning of some systems and restart activities. 

Whilst a relationship between the rate of flaring and dark smoke produced from the flare would be expected, 
the data does not support a direct correlation between flare rate and smoke production.  Regression 
analyses between the variables PM2.5 concentration and combined plant flare rate indicated correlation 
coefficients of R2 equal to 0.0004, 0.0013 and 0.015 for Karratha, Dampier and Burrup respectively, 
indicating no relationship.  

Based on the back trajectories on the days of concern and the lack of correlation between the flare rate, 
black smoke and PM2.5 concentrations, there is sufficient evidence to suggest that air emissions from the 
Pluto LNG Project were not associated with the observed exceedences.  

On this basis, if these days of elevated levels are removed from the data set, then the PM2.5 concentrations 
would be as indicated in Table 11.  

 

Table 11: PM2.5  All Data (with significant outliers removed) 

 

PM2.5 Concentration (µg/m3)1 

Karratha Dampier Burrup 
Average 6.8 6.5 7.3 
100th percentile 24.2 23.3 24.3 
99th percentile 22.8 21.1 22.7 
95th percentile 14.9 14.9 17.4 
NEPM 24h 25 25 25 
NEPM annual 8 8 8 
Exceedences 24 h 0 0 0 
Exceedences annual 0 0 0 

NOTE: 
1. Micrograms per cubic metre at 0oC and 101.3 kPa 

 

As noted earlier, the key issue raised by DEC was the contribution of flaring to particulate matter less than 
PM10.  The analysis above indicates no apparent relationship between flaring load and PM2.5 concentrations. 
In addition, the separation distance of the monitoring stations from the site together with the wind and 
pollution roses would suggest that the sources of particulate matter are from sources other than the LNG 
plant.  As such, this confirms the initial environmental risk rating of low.   

It is noted, however, that the measured PM2.5 concentrations at all stations approach the Air NEPM 24 hour 
average and annual average advisory reporting standards, albeit without any apparent significant 
contribution from the Woodside LNG Plant. 
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7.6.2 Benzene, Toluene and Xylenes (BTX) 
The Department of Environment and Conservation Environmental Assessment Report (August 2008) 
indicated that benzene, toluene, and xylene isomers (BTX), were assessed using TAPM which indicated that 
the predicted concentrations did not exceed 1% of the assessment criteria. BTX emissions were considered 
to be of low risk but of medium level of public interest with respect to the potential for public health impacts. 
The Air Toxics NEPM notes that for toluene and xylene isomers, the annual average and 24 hour monitoring 
investigation levels have been derived independently for different (chronic and acute) health endpoints. 

It was also indicated that the thermal oxidiser would remove approximately 99% of BTEX from the feed gas.  
Airlabs Environmental Pty. Ltd. (Airlabs) was commissioned by Woodside to conduct a series of emission 
tests on process source exhausts on 19 to 22 November 2012, 11 to 14 December 2012 and 5 February 
20136. BTEX emission tests were conducted on the inlet and outlet sampling planes of the A1251 
Regenerative Thermal Oxidiser (RTO) on 5 February 2013, with the report concluding that, based on the 
average total BTEX concentrations measured, the measured RTO destruction efficiency was 99.0%, thereby 
complying with the destruction efficiency objective.  Destruction efficiencies are however based on mass 
rates, not concentrations, due to the dilution effect that occurs in the RTO with the introduction of fuel and 
the associated products of combustion.  There is no RTO inlet sampling plane flowrate data contained within 
the report to enable calculation of the actual destruction efficiency.  

Nonetheless, the RTO was not yet commissioned during the BTX monitoring period, as such BTX source 
emissions were not destroyed in the RTO and results are therefore representative of worst-case7. 

7.6.3 Benzene 
The data for benzene is summarised in Table 12. In reviewing the SKM monitoring reports it is noted that a 
15 minute maximum concentration was reported for benzene. This is not discussed herein as there is no 
corresponding Air Toxics NEPM monitoring investigation level (MIL). 

The data is consistent with the background benzene levels for the period 2009 to 2011, in as much as the 
annual average concentration is approximately 0.1 ppb or below. The data indicates that the 2012 annual 
average benzene concentration is 3.5% of the Air Toxics NEPM MIL as opposed to the target level of 1%. 
However, the risk remains commensurate with the initial risk rating of low. 

Table 12: Benzene Annual Concentration Summary 
Averaging 
Period 

Air Toxics 
NEPM MIL Wickham Karratha Burrup Rd Dampier 

Annual (ppb) 3     
      
2009 (ppb)  0.025 0.033 0.122 0.023 
2010 (ppb)  0.034 0.053 0.019 0.035 
2011 (ppb)    0.050  
2012 (ppb)    0.106  
 

  

                                                     
6  Airlabs Environmental, 2013, “Report on Emissions Monitoring Conducted at Woodside Pluto LNG Plant in Burrup, WA”, Test Report No. JAN12002A, 5 March 2013 
7 Review of plant data printouts for the period of 1 January 2012 to 31 December 2013 confirmed that the RTO was not operational. 
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7.6.4 Toluene 
The data for toluene is summarised in Table 13 and Table 14.  

The data is consistent with the background toluene levels for the period 2009 to 2011 in as much as the 
annual average concentration is in the order of 0.1% of the Air Toxics NEPM MIL.  The maximum 24 hour 
average remains less than 1% of the 24 hour MIL hence the risk level is commensurate with the initial risk 
rating of low. 

Table 13: Toluene 24 Hour Data Summary 
Averaging 
Period 

Air Toxics 
NEPM MIL Wickham Karratha Burrup Rd Dampier 

24 hour (ppb) 1000     
      
2009 (ppb)  2.295 1.777 3.102 0.103 
2010 (ppb)  0.527 0.499 0.761 0.527 
2011 (ppb)    0.513  
2012 (ppb)    3.617  
 

Table 14: Toluene Annual Data Summary 
Averaging 

Period 
Air Toxics 
NEPM MIL Wickham Karratha Burrup Rd Dampier 

Annual (ppb) 100     
      

2009  0.099 0.064 0.112 0.019 
2010  0.092 0.098 0.025 0.097 
2011    0.044  
2012    0.108  

 
7.6.5 Xylene Isomers 
The data for total xylene isomers is summarised in Table 14 and Table 15. The data confirms that the 
maximum total xylene isomer concentrations are less than 1% of the annual average MIL but the 2012 - 24 
hour average maximum concentration at Burrup Road of 3.57 ppb is slightly higher at 1.4%. Nonetheless, 
the 24 hour and annual averages are commensurate with the initial risk rating of low.  

Table 15: Total Xylene Isomers 24 Hour Data Summary 
Averaging 
Period 

Air Toxics 
NEPM MIL Wickham Karratha Burrup Rd Dampier 

24 hour (ppb) 250     
      

2009(ppb)  11.069 0.183 1.030 0.065 
2010 (ppb)  0.147 0.279 1.519 0.147 
2011 (ppb)    0.895  
2012 (ppb)    3.573  
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Table 16: Total Xylene Isomers Annual Data Summary 
Averaging 
Period 

Air Toxics 
NEPM MIL Wickham Karratha Burrup Rd Dampier 

Annual (ppb) 200     
      

2009 (ppb)  0.066 0.036 0.068 0.015 
2010 (ppb)  0.029 0.037 0.031 0.031 
2011 (ppb)    0.050  
2012 (ppb)    0.093  
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8.0 SUMMARY OF OUTCOMES 
In accordance with Section 10 of the AQMP dated 7 September 2011, Woodside is required to review results 
of ongoing source emission monitoring and ambient air quality monitoring programmes and compare the 
results with previously completed sampling and monitoring results and risk and impact assessments 
presented in approvals documentation. Specifically, Sections 10.1 and 10.2 of the AQMP required the 
reviews to be undertaken by an independent peer reviewer. 

The objective of the review was to ensure that documentation submitted to regulatory authorities contained 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project. This review has 
confirmed that the data provided in the ambient air quality monitoring reports demonstrates material 
compliance with the National Environment Protection (Ambient Air Quality) Measure (Air NEPM) and the 
National Environment Protection (Air Toxics) Measure (Air Toxics NEPM). 

The review was unable to confirm consistency of reported data with Australian Standards and a number of 
recommendations have been made to ensure that monitoring information is collected according to the 
appropriate standards.  

The review also confirmed that the assessment of risk based on the estimated or predicted emissions of 
PM2.5 and BTX and documented in the works approval for the LNG Plant is consistent with the data obtained 
from the 12 month ambient air quality monitoring programme. 

Overall, BTX values were typical of background levels: 

 benzene annual average concentration approximately 0.1ppb or below; 

 toluene annual average concentration approximately 0.1% of the Air Toxics NEPM Monitoring 
Investigation Level (MIL) with 24 hour average concentrations less than 1% of the 24 hour MIL; and 

 xylene isomers concentrations less than 1% of the annual average MIL with the 24 hour average 
maximum concentration at 1.4% of the 24 hour MIL. 

Given the lack of background data for PM2.5, no similar comparison can be made, however, the analysis of 
data indicated no apparent relationship between flaring load and PM2.5 concentrations and the separation 
distance of the monitoring stations from the site, together with the wind and pollution roses, would suggest 
that the sources of particulate matter are from sources other than the LNG plant.  Nonetheless, it is noted 
that the measured PM2.5 concentrations at all stations approach the Air NEPM 24 hour average and annual 
average advisory reporting standards, albeit without any apparent significant contribution from the Woodside 
LNG Plant. 

With respect to protection of environmental values namely:  

a. Human health and well-being 

b. The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

c. Visibility, local amenity and aesthetics.  

the standards established for PM2.5 and BTX relate to human health and well-being.  PM2.5 emissions are 
also associated with visibility and hence local amenity as the fine particles cause atmospheric deterioration 
through light extinction.   
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The standards for human health are generally assumed to protect other forms of life including native flora 
and fauna and agricultural products, although this is not stated within the Air NEPM or Air Toxics NEPM. The 
US EPA National Ambient Air Quality Standards include “secondary standards” to provide for public welfare 
protection, including protection against decreased visibility and damage to animals, crops, vegetation and 
buildings. For PM2.5, the secondary standard has been established as 15 µg/m3 (annual mean, averaged 
over three years).  
 
While PM2.5 values are compliant with the current standards, there is insufficient evidence to suggest that 
environmental values have been protected to the extent that the National Environment Protection (Ambient 
Air Quality) Measure Review (May 2011) indicated. The Review notes that “…the results of the health 
reviews show that there are significant health effects at current levels of air pollution in Australian cities. 
These findings indicate that the current standards are not meeting the requirement for adequate protection of 
human health”. Subsequently, on 29 April 2014, Ministers signaled their intention to vary the National 
Environment Protection (Ambient Air Quality) Measure “for particles reflecting the latest scientific 
understanding on health risks arising from particle pollution. The Measure seeks to establish a more 
stringent reporting standard for particle pollution (PM2.5 and PM10)”. 
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APPENDIX A  
Limitations 
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About Environmental Audit Reports for Evaluating Environmental Risk 

The Environmental Audit report is prepared in a manner that can be read and understood by a person with 
legitimate interest in the site, such as the site owner or occupier and EPA, for determining whether risks to 
the environment were being adequately managed and compliance with regulatory requirements was being 
achieved.  The Environmental Audit Report relates specifically to the Environmental Audit scope provided in 
Section 1.4. 

The Environmental Audit report is not intended for use by other parties or for other purposes.  Anyone who 
uses the Audit report for purposes other than specified in the report does so at their own risk.   

The Environmental Auditor and Golder Associates Pty. Ltd. are only responsible for the issuing of the 
Environmental Audit report.  The Environmental Auditor and Golder Associates Pty. Ltd. accept no liability for 
the costs incurred in the implementation of any recommendations or measures.  The Environmental Audit 
provides a snapshot of the site conditions at the time of the site investigation.  Consequently, the 
Environmental Audit report may not be valid at a later time if there has been any change to operations at the 
site in that time.  Verification of the status of the site may be required in cases where significant time has 
elapsed, or site operations have changed since the assessment and Audit. 

Audit evidence collected during the Environmental Audit will inevitably be only a sample of the information 
available, partly due to the Audit being conducted during a limited period of time and with limited 
resources.  There is therefore an element of uncertainty inherent in all environmental audits and all users of 
the results of environmental audits should be aware of this uncertainty.  

The Environmental Audit report is not intended to be a comprehensive analysis of the presence and 
associated risk of asbestos in buildings and services.  Where asbestos in buildings and services is noted, the 
report may only caution that an appropriately qualified person be engaged to prepare a detailed asbestos 
management plan. 
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APPENDIX B  
NATA Scope of Accreditation - Ecotech 
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7.65 Air  
   .01 Industrial emissions  

Continuous monitoring of stack emissions- 
in-house methods 9.5 and 6.1- Oxide of nitrogen by chemiluminescence 
in-house methods 9.5 and 6.4- Carbon dioxide by IR  
in-house methods 9.5 and 6.3- Carbon monoxide by IR 
in-house method9.1- Benzene; carbon dioxide; carbon monoxide; formaldehyde; oxides of nitrogen; 
sulfur dioxide by Differential Optical Absorption Spectroscopy (DOAS) techniques  
in-house method 9.2- Gas flow by ultrasonic techniques 
in-house method 9.3- Temperature by instrumental techniques 
in-house method 9.4- Particulate- PM2.5, PM10, total suspended by TEOM  
in-house method 9.6- Oxygen by fuel cell 
 

   .02 Ambient air  
Continuous monitoring of ambient air- 
AS 3580.5.1 and in-house method 6.1- Oxides of nitrogen by chemiluminescence 
AS 3580.4.1 and in-house method 6.2- Sulfur dioxide by fluorescence 
AS 3580.7.1 and in-house method 6.3- Carbon monoxide by IR  
AS 3580.11.1 and in-house method 6.6- Hydrocarbons - methane, non-methane, total by FID 
AS3580.6.1 and in-house method 6.7- Ozone by chemiluminescence 
in-house method 6.4- Carbon dioxide by IR  
in-house method 6.5- Hydrogen sulfide by fluorescence 
 
Continuous monitoring of particulates in ambient air- 
AS 3580.9.3 and AS3580.9.6- Particulates - PM10, total suspended by high volume sampler and 
gravimetric techniques 
AS 3580.12.1 and in-house method 7.2- Particulates - visibility reduction by nephelometer 
AS3580.9.8- Particulates - PM10 by TEOM 
in-house method 7.1- Particulates - PM2.5, PM10, total suspended by high volume sampler and 
gravimetric techniques 
in-house method 7.3- Particulates - PM2.5, PM10 by TEOM 
AS 3580.9.11 and in-house method 7.5 - Particulate - PM10 by beta attenuation monitor (BAM) 
In-house method 7.5 - Particulate - PM2.5, total suspended by beta attenuation monitor (BAM) 
 
Continuous monitoring of ambient air- 
in-house method 10.1- Benzene; sulfur dioxide; toluene; para-xylene by Differential Optical 
Absorption Spectroscopy (DOAS) 
 
Type approval tests- 
EN 14211 (excluding section 9) Standard method for the measurement of the concentration of 
nitrogen dioxide and nitrogen monoxide by chemiluminescence 
EN14212 (excluding section 9) Standard method for the measurement of the concentration of 
sulphur dioxide by ultraviolet fluorescence 
EN14625 (excluding section 9) Standard method for the measurement of the concentration of ozone 
by ultraviolet photometry 
EN 14626 (excluding section 9) Standard method for the measurement of the concentration of 
carbon monoxide by non-dispersive infrared spectrometry 

   .06 Meteorological monitoring  
AS3580.14 and in-house method 8.1- Wind Speed (Horizontal) by anemometer 
AS3580.14 and in-house method 8.3- Wind direction by anemometer 
AS3580.14 and in-house method 8.4- Temperature - ambient by thermoelectric techniques 
AS3580.14 and in-house method 8.5- Relative humidity by hygrometer 
AS3580.14 and in-house method 8.6- Solar radiation - global exposure by pyranometer  
In-house method 8.6- Solar radiation - net exposure by net pyrradiometer 
AS3580.14 and in-house methods 8.7 and 8.8- Rainfall 
AS3580.14 and in-house method 8.9- Barometric Pressure 
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.71 Sampling  

For sub-classes of test 7.65.01, 7.65.02 
in-house method 9.5- Gas dilution system for continuous monitoring work of stack emissions 

 
7.75 Calibration of instruments  
   .01 Gas analysers  

Calibration in the laboratory 
by the methods of- 
in-house method 5.9 
for the following determinations- 
Ozone analyzer analyser (ultraviolet absorption) calibration in the range 20ppb - 520ppb  
Ozone analyser (chemiluminescence) calibration in the range 20ppb - 520ppb  
With least uncertainties of measurement of 6.8ppb or 1.8% (whichever is greater) 

 
7.81 Constituents of the environment  

 
   .21 Air  

As listed under 7.65.02 
   .71 Sampling  

For sub-class of test 7.81.21 
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1.0 EXECUTIVE SUMMARY 
Golder Associates Pty. Ltd. (Golder) was commissioned by Woodside Energy Ltd. (Woodside) to complete 
an independent review of the air quality monitoring programme outlined in the Woodside Pluto LNG Plant Air 
Quality Management Plan (AQMP), in accordance with Section 10.2 of the AQMP.  

Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:  

 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM2.5) 
and benzene/toluene/xylene isomers (BTX) monitoring data  

 24 months of oxides of nitrogen (NOx) and ozone monitoring data  

 24 months of nitrogen deposition monitoring data. 

The outcomes of the independent review of 12 months PM2.5 and BTX data has been reported previously 
provided in Golder Report No. 127643046-001-R-Rev0. 

This report provides a review of 24 months nitrogen dioxide and ozone data only.  Nitric oxide data is not 
reviewed as there are no applicable ambient air quality criteria.  

A review of the nitrogen deposition data is the subject of a separate report.  

The scope of the review was limited to a desk top assessment of air quality monitoring reports prepared by 
consultants on behalf of Woodside for the period January 2012 to December 2013.  In particular the 
accuracy and consistency of data was assessed and compared with the results of previously completed 
sampling and monitoring in order to confirm the understood relative risk and expected impacts as presented 
in approvals documentation.  

The review did not assess the accuracy of emission estimates for the purposes of initial modelling and risk 
assessment, nor does it seek to identify any additional point sources.  In addition the review did not assess 
other AQMP aspects or other environmental monitoring programmes being undertaken.  

The objective of the review was to ensure that documentation submitted to regulatory authorities contained 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project.  

This review has confirmed that data provided in the ambient air quality monitoring reports demonstrates 
material compliance with the National Environment Protection (Ambient Air Quality) Measure (Air NEPM). 

The review also confirmed that the assessment of risk based on the estimated or predicted emissions of 
nitrogen dioxide and ozone and documented in the works approval for the LNG Plant should be “low” based 
on the data obtained from the 24 month ambient air quality monitoring programme and utilising the risk 
assessment framework adopted by the Department of Environment Regulation (formerly the Department of 
Conservation and Environment).  

With respect to protection of environmental values namely:  

a) Human health and well-being 

b) The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

c) Visibility, local amenity and aesthetics  

there is sufficient evidence to demonstrate that emission impacts are below current standards set to protect 
human health and well-being, but insufficient evidence is available to categorically state that all 
environmental values are being protected.  
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In completing the independent review, a number of recommendations have been made in relation to data 
collection and validation. These recommendations are listed below and are not considered to have a material 
impact on the interpretation of data collected during the review period.  The recommendations have been 
forwarded to Woodside for consideration and include that:  

 Recommendation 1: Data capture statistics should be calculated from the data set for the averaging 
time being reported  

 Recommendation 2: Confirm explanation for missing ozone data for both Karratha and Dampier in all 
instances. 

 Recommendation 3: Ensure that automated analyser calibration activities coincide with expected low 
ozone concentration periods. 
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2.0 INTRODUCTION 
Woodside Energy Ltd. (Woodside) received approval for the construction of facilities for the development of 
the Pluto Gas Field on the North West Shelf, and the processing and export of the gas at a liquefied natural 
gas (LNG) plant on the Burrup Peninsula, in Ministerial Statement No 757 dated 24 December 2007.  

Storage and export facilities are located at what is known as Site “A”. The production of LNG and 
condensate at “Site B” involves the following processes:  

 gas receivable and inlet separation 

 acid gas removal unit (AGRU) 

 gas dehydration 

 mercury removal 

 liquefaction 

 end flash and nitrogen removal 

 fractionation/heavies removal 

 refrigerant storage 

 condensate stabilisation and export.  

A high level process flow diagram for LNG production in shown in Figure 1. 

Implementation of the project was subject to a number of conditions, including the preparation of an Air 
Quality Management Plan (AQMP) to the requirements of the Minister for the Environment.  

The AQMP was required to include:  

 cumulative air quality modelling, using data from the Front End Engineering Design Report and 
emissions from approved industrial sources at Cape Preston and Barrow Island 

 proposed targets and standards 

 an emissions monitoring programme which included nitrogen compounds, butene, toluene, ethylene, 
xylene, ozone, acrylene and hydrogen sulphide emissions from the plant 

 an ambient air quality and nitrogen deposition monitoring programme 

 annual reporting. 

The AQMP was submitted to the Environmental Protection Authority (EPA) on 23 September 2010. The plan 
was subsequently revised and Revision 1 endorsed on 10 October 2011.  

Section 2 of the AQMP notes that “butene, ethylene and acrylene initially specified in the Ministerial 
Statement 757 are not present in the feed gas stream, nor produced or emitted by the Pluto LNG processing 
system and will not be monitored as part of this plan” 

In accordance with Section 10 of the AQMP dated 7 September 2011 (Revision 2: Reference No: 
X0000AH0002), Woodside is required to review results of ongoing emissions monitoring and ambient air 
quality monitoring programmes and compare the results with previously completed sampling and monitoring 
results and risk and impact assessments presented in approvals documentation.  
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Figure 1: Pluto LNG Plant High Level Process Flow Diagram 
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Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:  

 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM2.5) 
and benzene/toluene/xylene isomers (BTX) monitoring data  

 24 months of oxides of nitrogen (NOx) and ozone monitoring data  

 24 months of nitrogen deposition monitoring data. 

The reviews were to be undertaken by an independent peer reviewer, subject to approval by EPA.  

In this regard, Dr Helen Murphy of Golder Associates Pty. Ltd. (Golder), an Environmental Auditor appointed 
pursuant to the Victorian Environment Protection Act 1970, was engaged by Woodside for the purpose of 
providing an independent review of the ambient air quality data.  EPA endorsed the appointment on 21 
August 2012. 

The outcomes of the independent review of 12 months PM2.5 and BTX data has been reported previously 
provided in Golder Report No. 127643046-001-R-Rev0. 

This report provides a review of 24 months nitrogen dioxide and ozone data only.  Nitric oxide data is not 
reviewed as there are no applicable ambient air quality criteria.   

A review of the nitrogen deposition data is the subject of a separate report. 

Your attention is drawn to the document “Limitations”, which is included as Appendix A to this report.  The 
statements presented in this document are intended to advise you of what your realistic expectations of this 
report should be.  The document is not intended to reduce the level of responsibility accepted by Golder, but 
rather to ensure that all parties who may rely on this report are aware of the responsibilities each assumes in 
so doing. 
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3.0 ENVIRONMENTAL REVIEW OBJECTIVE AND SCOPE 
As requested by Woodside, Environment Protection Authority of Victoria (EPAV) Publication No. 952.31 has 
been used as the basis for describing the components of the review.  

The following information is provided in response to these requirements. 

3.1 Objective  
The objective of the review is to ensure that documentation submitted to regulatory authorities contains 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project. 

3.2 Scope  
The scope was outlined in the proposal to Woodside dated 17 April 2012.  

Specifically the scope would include an independent review of the Pluto LNG Plant AQMP ambient air quality 
and nitrogen deposition monitoring programmes and reports, noting that this is a two year monitoring 
programme with Sinclair Knight Merz (SKM) managing the ambient air quality monitoring component and 
CSIRO Oceans and Atmosphere Flagship (CSIRO) undertaking the nitrogen deposition study. 

The proposed approach to address the scope of work was a desktop review of key documents with review of 
additional documentation/information limited to points of clarification where necessary.   

3.3 Elements  
An element is defined in the Victorian Environment Protection Act 1970 as any of the principal constituent 
parts of the environment including waters, atmosphere, land, vegetation, climate, sound, odour, aesthetics, 
fish and wildlife.  

The scope of the review was limited to the atmosphere. 

3.4 Segment 
The aforementioned EPAV Publication No. 952.3 states that the segment of the environment must be 
described in terms of, but not limited to: 

 The geographical extent, including: 

 The boundaries of the premises or land area (such as a catchment) on which the activity is 
conducted 

 That portion of the surrounding environment to which the activity may pose a risk that will be 
considered 

 The time-frame to which the environmental audit applies. 

The geographical area considered for assessment of ambient air quality is the local and regional airshed 
surrounding the Pluto LNG Plant and the potential impact on environmental values or the health, welfare or 
amenity of the people and surrounding land uses.  

The timeframe to which the review applies is intended to cover 24 months of ambient air quality monitoring 
data for ozone and nitrogen dioxide. The data covers the period 1 January 2012 to 31 December 2013. 

1  “Environmental Auditor Guidelines for the Preparation of Environmental Audit Reports on Risk to the Environment”, Environment Protection Authority of Victoria, Publication No. 
952.3, October 2012. The publication has since been updated to Publication No 952.4, April 2013 
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3.5 Beneficial Values 
Section 3A of the Western Australia Environment Protection Act 1986 describes environmental harm to 
mean direct or indirect -  

a) harm to the environment involving removal or destruction of, or damage to — 

 i) native vegetation; or 

 ii) the habitat of native vegetation or indigenous aquatic or terrestrial animals; or 

b) alteration of the environment to its detriment or degradation or potential detriment or degradation; or 

c) alteration of the environment to the detriment or potential detriment of an environmental value; or 

d) alteration of the environment of a prescribed kind; 

material environmental harm means environmental harm that — 

a) is neither trivial nor negligible; or 

b) results in actual or potential loss, property damage or damage costs of an amount, or amounts in 
aggregate, exceeding the threshold amount; 

serious environmental harm means environmental harm that — 

a) is irreversible, of a high impact or on a wide scale; or 

b) is significant or in an area of high conservation value or special significance; or 

c) results in actual or potential loss, property damage or damage costs of an amount, or amounts in 
aggregate, exceeding 5 times the threshold amount. 

EPA has prepared a draft State Environmental (Ambient Air) Policy 2009. The draft Policy identifies 
environmental values to be protected which are:  

d) Human health and well-being 

e) The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

f) Visibility, local amenity and aesthetics.  

This review assesses whether the data provided in the ambient air quality monitoring reports demonstrate 
compliance with the environmental values set in the draft State Environmental (Ambient Air) Policy and the 
National Environment Protection (Ambient Air Quality) Measure (Air NEPM) standards for the identified 
beneficial uses.  

3.6 Expert Support Team 
The expert support team to Dr Helen Murphy was utilised, specifically Mark Tulau for data validation and 
Frank Fleer and Jonathan Medd of Golder Melbourne for peer review. Anthony Stuart of the Golder Perth 
office was Project Manager providing client liaison and local support.   

3.7 Stakeholder Involvement 
As the environmental regulator and instigator of this review, EPA was a key stakeholder and was consulted 
initially to confirm the appointment of the independent peer reviewer and the review methodology.  

The review scope did not include direct consultation with key stakeholders other than Woodside staff. 
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4.0 METHODOLOGY  
Section 10 of the AQMP indicates that the review process methodology will be agreed upon prior to the first 
review with EPA, Woodside and the independent peer reviewer. Woodside advised that the methodology 
adopted should be consistent with EPAV Publication No 952.3.  

The methodology adopted incorporated a desk top review of the following:  

 Review of background information provided by Woodside for the purposes of providing context to the 
ambient air quality data 

 Review of ambient air quality modelling results presented in the Public Environmental Report (PER) and 
other reports 

 Review of risk assessment completed as part of the EPA approval documentation 

 Review of air quality data: 

 12 months PM2.5 data 

 12 months BTX data 

 24 months NOx and ozone monitoring data 

 24 months nitrogen deposition data 

 Review of ambient air quality reports for consistency of reported data collection with Australian 
Standards 

 Review ambient air quality reports for any inconsistencies in data or gaps in data 

 Review ambient air quality data for trends 

 Assess consistency of data with that presented in the PER and subsequent air quality modelling reports 

 Assess consistency of data with the EPA’s assessment of risk, which was based on Air NEPM and 
EPAV objectives for BTX and, in the case of nitrogen dioxide (NO2), World Health Organisation2 (WHO) 
estimates for protection of vegetation.  

In addition, discussions were held with Mr Maris Steele (former Woodside Environmental Team Leader) and 
Mr Rob Hearn (Woodside Environmental Engineer - Operations) for the purposes of clarification. 

Wherever possible, verification of primary data (original data) is the preferred approach. Secondary sources 
are based on primary sources; in as much as they analyse and evaluate primary sources.  

Secondary sources are represented by the spreadsheet data generated from data collected from ambient air 
quality monitoring. This data has been reproduced in the reports provided by SKM and CSIRO. By assessing 
and repackaging this information, secondary sources make the primary information more accessible. These 
secondary data sources will be reviewed but verification of primary data is outside the scope of this audit.  

The independent collection of data to verify the information presented was excluded from the audit scope.  

The methodology proposed to EPA indicated that 12 months of monitoring data would be reviewed for PM2.5, 
BTX and a 24 month period for NOx and ozone covering the operational phase of the Pluto LNG project.  For 
nitrogen deposition, 24 months of monitoring data would be reviewed.  

The methodology was endorsed by EPA on 16 October 2012.  

2 World Health Organisation (2000). Air Quality Guidelines for Europe, WHO regional publications. European series Number 91  
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This report, the second of three reports to review the ambient air quality data, relates to 24 month data 
associated with NOx and ozone for the period 1 January 2012 to 31 December 2013.  

Noting that the Pluto LNG project was commissioned in December 2011, the plant did not become fully 
operational until April 2012. As such, the initial first four months of data does not incorporate steady state 
conditions, however, did represent periods of relatively high emissions due to flaring associated with plant 
commissioning and startup.  
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5.0 DOCUMENTATION REVIEWED 
5.1 Background Information 
The following information was provided for review by the independent peer reviewer and, where appropriate, 
various members of the expert support team. 

Background Information 

 Environmental Protection Authority: Cumulative impacts of oxides of nitrogen emissions from existing 
and proposed industries, Burrup Peninsula. Dated January 2004. 

 SKM: Pluto LNG Development Cumulative Air Quality Study. Dated October 2006 

 Environmental Protection Authority: Pluto LNG Development, Burrup Peninsula. Report and 
recommendations of the Environmental Protection Authority. Dated July 2007 

 Rock Art Monitoring Management Committee: Burrup Peninsula Air Pollution Study: Interim Report 
on Concentrations of Air Pollutants on the Burrup Peninsula. Dated July 2007. Summary of Interim 
Report. 

 SKM: Pluto LNG Development. Pluto Works Approval Supporting Study: Air Quality Study of Revised 
Plant. Dated December 2007 

 Department of Environment and Conservation: Works Approval W4444/2008/1 Pluto LNG Project. 
Dated 28 August 2008 

 Woodside: Pluto LNG Project Air Quality Management Plan Dated September 2011 

 Airlabs Environmental, 2013, Report on Emissions Monitoring Conducted at Woodside Pluto LNG 
Plant in Burrup, WA, Test Report No. JAN12002A, 5 March 2013 

Ozone and NOx Data: January 2010 – December 2012 

 SKM: Burrup Ambient Air Monitoring, 2010 Annual Report. Dated March 2011 

 SKM: Burrup Ambient Air Monitoring, 2011 Annual Report. Dated July 2012 

 SKM: Burrup Ambient Air Monitoring, 2012 Annual Report Dated May 2014 

 SKM: Burrup Ambient Air Monitoring, 2013 Annual Report Dated September 2014 
Supporting Data 

 Consolidated data_20120124.xls 

 Consolidated data_20120116.xls 

 Consolidated data_20120215.xls 

 Consolidated data_20120614.xls 

 Consolidated data_20121012.xls 

 Consolidated data_20130412.xls 

 Consolidated data_20130722.xls 

 Consolidated data_20130819.xls 

 Consolidated data_20131122.xls 
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5.2 Reference Documentation 
Western Australia 

 Draft State Environmental (Ambient Air) Policy 2009. 

 Guidance for Risk Assessment and Management: Off-site Risk from Hazardous Industrial Plant, 2000, 
Guidance Statement No 2 

 Guidance for the Assessment of Environmental Factors, 1998, Guidance Statement No 34 

Victoria 

 Environmental Auditor Guidelines for the Preparation of Environmental Audit Reports on Risk to the 
Environment (EPAV Publication No. 952.4, April 2013). 

 Environmental Auditor Guidelines for Conducting Environmental Audits (EPAV Publication No. 953.2, 
August 2007). 
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6.0 INITIAL ESTIMATES OF EMISSIONS 
The Pluto LNG Development Draft PER dated December 2006 describes in detail the LNG plant (comprising 
two trains) and associated emission sources. Section 5.1.2.3 of the report references the October 2006 
report by SKM entitled: Pluto LNG Development Cumulative Air Quality Study and describes the criteria upon 
which initial estimates of air quality environmental impact were based.  

These were:  

 Annual LNG production of 5.9 megatonnes (Mt) per annum per train (note: the PER indicates a 
maximum total capacity of approximately 12 Mt per annum at full production and assumes 95% 
utilisation) 

 Sources associated with gas turbines, wet and dry flares, marine flare and acid gas recovery unit 
(AGRU) 

 Normal operating emissions of 69 grams per second of NOx 

 Two non-routine scenarios representing  

 a 1 in 30 year upset case which is considered to be the worst credible case and relates to a 
blocked mixed refrigerant compressor outlet from one LNG train leading to flaring from the Cold 
Dry Flare for approximately 15 minutes duration and  

 an annual shut down event relating to depressurising of the propane compressor circuit resulting in 
flaring for up to 10 hours and  

 all equipment on one train shutting down (with the second LNG train continuing with steady state 
emissions) corresponding to total NOx emissions for each upset event of 226 grams per second for 
15 minutes and of 147 grams for up to 10 hours respectively.  

The estimated annual emissions from the LNG Development Point Sources are shown in Table 1. 

Table 1: Estimated Annual Emissions from Development Point Sources (source: PER) 

Species Gas Turbines Flares (Pilot Flames) 
(tpa) 

Total Estimated Emissions 
(tpa) 

NO2 2163.4 28.4 2191.8 
SO2 305.9 0.0 305.9 
PM10 0.0 4.5 4.5 
CO 1380.1 155.6 1536.7 
VOC 0.0 58.7 58.7 
Benzene 2.7 0.049 2.8 
Toluene 2.7 0.024 2.8 
Ethylbenzene 1.4 0.0 1.4 
Xylene 4.1 0.0 4.1 
Formaldehyde 0.0 0.5 0.5 
Acetaldehyde 0.0 0.05 0.05 
 

Details of existing sources and inputs to the air dispersion model TAPM were also detailed in 
Sections 5.1.2.2 and 5.1.2.5 of the PER. On the basis of these estimates, the TAPM results for normal 
operations were represented as detailed in Table 2. 
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Table 2: Comparison of Predictions with Standards and Guidelines (Source: PER) 

Air Pollutant Averaging 
Period Standard 

Predicted Maximum Concentration for 
Pluto LNG Development/Associated 

Results 

NO2 
1 hour 
Annual 

120 ppb 
30 ppb 

89 ppb 
9 ppb 

O3 
1 hour 
4 hours 

100 ppb 
80 ppb 

79 ppb 
67 ppb 

Particles as PM10 24 hours 50 µg/m3 Many exceedences due to iron ore handing 

Particles as PM2.5 
24 hours 
Annual 

25 µg/m3 
8 µg/m3 

(advisory – gather 
data) 

Probable exceedences near Dampier due 
to iron ore handling (assuming PM2.5 ~ 20% 

of PM10 on windy days) 

SO2 
1 hour 
Annual 

200 ppb 
20 ppb 

110 ppb 
6 ppb 

SO2 deposition Annual WHO (2000): 
8-16 kg/ha/annum Typical high 2 kg/ha/annum 

NO2 deposition Annual WHO (2000): 
49-66 kg/ha/annum Typical high 4 kg/ha/annum 

All other pollutants Various Various All significantly less than EPA goals, for 
example, EPAV and NSW DEC 

 

The December 2007 report by SKM entitled: Pluto Works Approval Supporting Study: Air Quality Study, 
noted that “The Environmental Protection Authority assessment of the draft PER recommended that 
modelling should include emissions from other significant industrial sources planned for the region including 
the Gorgon Gas Development at Barrow Island and the proposed Austeel Direct Reduced Iron plant at Cape 
Preston”.  

The SKM study, in addition to including further sources, reviewed the configuration of the proposed LNG 
plant and emission source data.  

Changes included a reduction in nominal capacity of each train to 4.7 Mt per annum as well as modifications 
to turbine configuration and revisions to emissions sources as detailed below.  

 Five Frame 6 turbines replaced with four Frame 6  Dry Low NOx turbines with waste heat recovery units 
plus two Frame 7 DLN gas turbines for process refrigeration   

 Deletion of one Frame 6 power generation turbine and substitution of one Frame 5 extended 
liquefaction turbine for a Frame 6 extended liquefaction turbine 

 Deletion of a fired heater unit 

 Updated source emission data 

 Turbine vendor emission data for Frame 6 and Frame 7 units 

 Updated regenerative thermal oxidation fuel gas composition data 

 Updated flaring emissions  

 Updated source locations 

 Source elevations adjusted to 56.5 m above terrain file sea level.  
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The report notes that “compared to the original configuration of the Pluto Plant, these revisions do not 
significantly change the plant operational capacity and as such the overall environmental impact of these 
changes is not expected to be significant”. 

The Department of Environment and Conservation in its Environmental Assessment Report (August 2008) 
noted that modelling included a range of receptors not limited to sensitive residential receptors. As such, it 
utilised the maximum predicted ground level concentration for residential sensitive sources only. It also 
considered the one in 30 year event to be well beyond the ‘95th percentile worst case operating conditions’ 
and did not utilise these values in the environmental risk assessment. 

The subsequent works approval granted on 28 August 2008, noted that approval was for one train (refer 
Section 1.3.2 page 7 of 28) and hence modelling estimates represented higher emissions than would be 
expected from single train operation.  

A summary of the predicted maximum concentrations versus the actual data is presented in Section 7.0.  
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7.0 AMBIENT AIR QUALITY MONITORING 
The risks presented in the local and regional airshed are documented in EPA’s report and recommendations 
for the Pluto LNG Development dated July 2007 (pg 22): 

The EPA’s environmental objective for this factor is to ensure that emissions do not adversely affect 
environmental values or the health, welfare or amenity of the people and land uses by meeting statutory 
requirements and acceptable standards. 

The EPA notes the air dispersion modelling predicts compliance with the NEPM criteria for NO2 and O3 
during normal operations. For non-routine or process upset conditions, some exceedences of the NEPM 
criteria are predicted, although these do not occur near residential areas or sensitive receptors. The 
emissions of other pollutants during process upset conditions are unlikely to cause significant impacts. The 
EPA notes that the effect on regional air quality is predicted to be negligible.  

The EPA notes that the proposed use of best practice for fugitive emission control and the use of natural gas 
fired gas turbines results in ambient air quality that meets the NEPM criteria and the WHO criteria (for 
deposition).  

Having particular regard to the: 

a) best practice control of fugitive emissions; 

b) recommended condition requiring a Front End Engineering Design (FEED) report; and 

c) recommended condition requiring an AQMP, 

It is EPA’s opinion that the proposal can be managed to meet the EPA’s environmental objectives for this 
factor [Air quality], provided the recommended conditions are made legally enforceable. 

The subsequent Environmental Assessment Report undertaken by the Department of Environment and 
Conservation outlined its assessment of the Pluto LNG development based on predicted/actual ambient 
concentrations of pollutants as a percentage of emission standards together with an assessment of socio-
political risk and level of community interest or concern. The resultant risk reduction matrix was utilised to 
determine the overall risk and the recommended strategy for managing emissions to air.   

The ambient air quality monitoring network established in response to the identified air quality risks was 
installed at the end of 2008, comprising four monitoring stations located at Burrup Road (commissioned 
October 2008), Dampier (commissioned December 2008), Wickham (commissioned October 2008) and 
Karratha (commissioned September 2008).  

Based on recommendations contained in the 2009 Burrup Ambient Air Monitoring Background Report, the 
Wickham station was decommissioned at the end of April 2010 and BTX monitoring was discontinued at the 
Dampier and Karratha stations.  

Oxides of nitrogen and ozone were monitored at 5 minute averaging data collection periods and the 1 hour, 
4 hour and/or 24 hour averages generated from this dataset as appropriate.  Oxides of nitrogen were 
monitored at Burrup Road, Dampier and Karratha. Ozone was monitored at Karratha and Dampier only. 

As noted under Section 5, verification of primary data was not possible. However, secondary data from 
ambient air quality monitoring stations as represented by the air quality spreadsheet data together with the 
summary reports provided by SKM were reviewed including the methodologies adopted, calibration of 
equipment and data checks.  
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7.1 Siting of Equipment 
SKM monitoring reports prior to the 2013 annual report did not contain a statement of compliance for the 
siting of the monitoring locations against AS/NZS 3580.1 “Methods for Sampling and Analysis of Ambient Air 
- Guide to Siting Air Monitoring Equipment”. Section 1.2 of the 2013 annual report states that siting audits 
were conducted by Ecotech in December 2008 and December 2013 and the locations were found to be 
compliant with AS/NZS 3580.1.  

7.2 Meteorological Monitoring 
The 2012 annual report states that meteorological monitoring has been conducted according to the following 
standards: 

 AS 2923 1987 “Ambient Air – Guide For Measurement of Horizontal Wind For Air Quality Applications”  

 United States Environmental Protection Agency (USEPA) 450/4-87 “On-Site Meteorological Program 
Guidance for Regulatory Modeling Applications” 

AS 2923 has been superseded by AS/NZS 3580.14 “Meteorological Monitoring and Analysis for Ambient Air 
Quality Monitoring Applications – 2011” AS/NZS 3580.14 also contains requirements for the other 
meteorological parameters listed in USEPA 450/4-87. Table 3 lists the main differences between AS 2923 
and AS/NZS 3580.14. 

The 2013 annual report has been updated to reference the requirements of AS/NZS 3580.14. 

Table 3: Comparison between AS 2923 and AS/NZS 3580.14 
Parameter AS 2923 AS/NZS 3580.14 

Anemometers supported Mechanical anemometers only Mechanical and ultrasonic 
anemometers 

Anemometer classes 3 1 
Calibration frequency  6-12 months (Class 1) Initial then every 2 years 

Calibration standard Not specified External authority traceable to the 
international system of units (SI) 

Wind tunnel calibration Not specified 10 point calibration 
Wind Speed Systems   

Accuracy  ±0.2 to ±0.5 m/s (below 10 m/s) 
±0.5 to ±1.0 m/s (10 m/s and above) 1% or ±0.2 m/s whichever is greater 

Starting threshold ≤ 0.5 m/s ≤ 0.4 m/s 
Distance constant < 2 m ≤ 3 m  
Wind Direction Systems   
Total accuracy ± 3° ± 3° 
Threshold < 0.3 m/s 0.5 m/s at 10° 
Damping ratio 0.4 to 1.0 0.25 to 0.6 
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7.3 Equipment Calibration and Maintenance 
Nitrogen dioxide (NO2) was monitored in accordance with AS 3580.5.1 “Determination of Oxides of Nitrogen-
Chemiluminescence Method” using an EC9841 chemiluminescent NOX analyser.  The methodology and 
equipment specifications are appropriate for the monitoring of this parameter. 

It is noted that the measurement of NO2 is based on the conversion of NO2 to NO and the subsequent 
detection of NO using the chemiluminescence technique. Because there are other nitrogen-containing 
compounds, such as peroxyacyl nitrates (PAN) and nitric acid that can be converted to NO, the 
chemiluminescence technique may overestimate NO2 concentrations due to these interferences. 
Measurement devices with ultraviolet photolytic converters are less prone to interferences than devices with 
heated surfaces (or catalysts) upstream of the chemiluminescence detector, but are not in widespread use3. 

Ozone was monitored in accordance with AS 3580.6.1 “Determination of Ozone - Direct-reading 
Instrumental Method” using an EC9810 ozone analyser. The methodology and equipment specifications are 
appropriate for the monitoring of this parameter. 

7.4 National Association of Testing Authorities (NATA) 
The SKM document “Burrup Ambient Air Monitoring - Maintenance and Breakdown Response Plan” states 
that Ecotech Pty. Ltd (Ecotech) are the appointed sub-contractor and will operate the monitoring stations in 
accordance with their NATA accreditation. Ecotech holds NATA accreditation for the monitoring of NO2 and 
ozone by the methods above. Ecotech’s scope of NATA accreditation is provided in Appendix B. 

7.5 Data Validation 
Data checks were conducted on the annual reported maximum concentrations at each monitoring station for 
the years 2012 and 2013 (SKM reports “Burrup Ambient Air Monitoring 2012 Annual Report” and “Burrup 
Ambient Air Monitoring 2013 Annual Report”). All data agreed with the reported values in the annual reports 
with the exception of those listed in Table 4. 

Table 4: Maximum Ozone Concentration Dampier AAQMS - 2013 
Station Year Parameter Averaging Period Reported1 Actual 

Dampier  2013 Ozone 
1-hour 18.9 51.5 
Annual 15.5 22.0 

1. Burrup Ambient Air Monitoring 2013 Annual Report Table 3-1. 

A selection of data within the quarterly reports was reviewed in detail to confirm appropriate calculations had 
been undertaken. NO2 and ozone data capture statistics were checked for January, February and 
March 2012 and October, November and December 2013 using 5 minute data summaries. All checks 
conducted agreed with the reported values. Data capture statistics were also calculated using 1 hour and 
24 hour data summaries resulting in small differences in the data sets. Data capture statistics should be 
calculated from the data set for the averaging time being reported (e.g. for reporting 1 hour average NO2 
data capture values the 1 hour NO2 data set should be used, not the 5 minute average data set). 

Missing data for ozone at Karratha occurs approximately between 13:30 and 14:30 every day resulting in 
insufficient data to calculate the 14:00 and 15:00 1–hour average. This data gap often occurs during periods 
of peak ambient ozone concentrations hence, justification for this missing data is required. Similarly, Dampier 
outages appear to occur around 02:00 every second day starting with January 2012 and continuing through 
to December 2013. Although there is other data missing at various times of the day, the routine time periods 
are likely to be associated with automated analyser Level 2 zero and span checks as indicated in a number 
of exception reports but not in all (notably there is no explanation in exception reports for Dampier for March 
and April 2013 and for January through to October 2012 and for Karratha from January through to 
October 2012 and March 2013). These checks are typically performed using test atmospheres produced by 

3 USEPA http://cfpub.epa.gov/eroe/index.cfm?fuseaction=detail.viewPDF&ch=46&lShowInd=0&subtop=341&lv=list.listByChapter&r=231330 
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a non-certified ozone generator however, SKM should confirm, for both Dampier and Karratha that this is the 
cause of the missing data. 

Recommendation 1: Data capture statistics should be calculated from the data set for the averaging time 
being reported  

Recommendation 2: Confirm explanation for missing ozone data for both Karratha and Dampier in all 
instances. 

Recommendation 3: Ensure that automated analyser calibration activities coincide with expected low ozone 
concentration periods. 

7.6 Review of Results against Predictions 
SKM monitoring data was presented in terms of maximum, 99th, 95th, 90th, and 70th percentiles, median, 
minimum and, where appropriate, annual averages. 

As the Air NEPM ambient air quality criteria are based on annual averages or maximum levels achieved in 1 
hour or 4 hour averaging periods and the corresponding number of exceedences, the comparison against 
predictions is limited to these results. 

In addition, although the AQMP required the assessment of oxides of nitrogen (NOx), the NEPM ambient air 
quality criteria is limited to nitrogen dioxide, due to human health impacts significantly in excess of those 
noted for nitric oxide.  As such, the discussion regarding compliance with Air NEPM and review of results 
against predictions is limited to nitrogen dioxide.   

For both ozone and nitrogen dioxide, the standards are based on protection of human health and well-being 
noting that the National Environment Protection (Ambient Air Quality) Measure Review (May 2011) indicates 
that: 

“…the results of the health reviews show that there are significant health effects at current levels of air 
pollution in Australian cities. These findings indicate that the current standards are not meeting the 
requirement for adequate protection of human health”.  

In relation to vegetation criteria, those cited are not based on vegetation present on Burrup Peninsula and as 
such, there is a lack of knowledge regarding the susceptibility of native flora and fauna to nitrogen dioxide 
and ozone and the synergistic effect of these pollutants.  

7.6.1 Ozone  
Ozone is not a point source emission from the Pluto plant but is formed in the atmosphere as a secondary 
pollutant by chemical reactions between oxides of nitrogen and volatile organic compounds in the presence 
of sunlight. Secondary pollutants are not regulated under Part V of the Environment Protection Act and 
hence it was not included in the environmental risk assessment undertaken by the Department of 
Environment and Conservation (August 2008). 

Ground level ozone can have harmful effects on sensitive vegetation and ecosystems. When sufficient 
ozone enters the leaves of a plant, it can:  

 Interfere with the ability of sensitive plants to produce and store food 

 Visibly damage the leaves of trees and other plants, harming the appearance of vegetation in urban 
areas, national parks and recreation areas. 

In addition to reduced tree growth and visible injury to leaves, continued ozone exposure over time can lead 
to increased susceptibility of sensitive plant species to disease, damage from insects, effects of other 
pollutants, competition and harm from severe weather.  These effects can also have adverse impacts on 
ecosystems, including loss of species diversity and changes to habitat quality and water and nutrient cycles. 

December 2014 
Report No. 127643046-008-R-Rev0 18  

 



 
WOODSIDE AIR QUALITY MANAGEMENT PLAN REVIEW 

  

The World Health Organisation (2000) has defined an acceptable level for ozone for protection of vegetation 
as the accumulated exposure over a threshold of 40 ppb when radiation is higher than 50 W/m2 and 
dependent on the growing season (AOT40). In relation to long-term effects, this threshold is calculated for a 
3-month growing season in the case of crops or herbaceous semi-natural vegetation, or a 6-month growing 
season for trees. The appropriate months to utilise for the growing season are dependent on the vegetation 
and climate for any specific region or site.  

As this criterion was not utilised in the risk assessment by the Department of Conservation it is outside the 
scope of this review, to identify the application of this threshold levels to specific vegetation in the Burrup 
region.  

Variations in weather conditions play an important role in determining ozone levels. Ozone is more readily 
formed on warm, sunny days when the air is stagnant. Conversely, ozone production is more limited when it 
is cloudy, cool, rainy, and windy.  Cities that have abundant sunshine over periods of time, together with 
moderate winds and high temperatures, are most likely to experience high levels of photochemical oxidants. 
Vegetation can also emit organic chemicals that help form ozone. The concentration of ozone in the lower 
atmosphere due to natural processes is generally around 0.04 parts per million (ppm), which is not 
considered harmful to human health4. 

At sufficient concentrations ozone can however cause a variety of human health impacts including chest 
pain, coughing, throat irritation and congestion and can worsen bronchitis, emphysema and asthma. Ozone 
can also reduce lung function and inflame the linings of the lungs with repeated exposure potentially scarring 
lung tissue permanently5. 

The PER utilised 0.025 ppm as a background input to initial modelling as part of the Environmental Impact 
Assessment (refer pg 70). 

 DEC (2008), indicated that:  

The only other predicted exceedence is of O3 (ozone) at Karratha under a “one in 30 year” upset 
conditions scenario (116% of the NEPM guidelines). ………. It is highly unlikely that the particular 
meteorological conditions required and the upset condition scenario will occur at the same time, leading 
to such an exceedence.  

The earlier EPA (2007) report noted in relation to the upset exceedences that these exceedences “do 
not occur near residential areas or sensitive receptors.   The EPA notes that the affect on regional air 
quality is predicted to be negligible”. 

The comments above refer to the 2006 and 2007 reports undertaken by SKM. However, the 2007 report 
identified that under upset condition 1, the NEPM standard could be exceeded at the Karratha sensitive 
receptor (refer SKM, 2007 Table 6-6, pg 24). 

SKM (2013) indicated that the maximum 1 hour ozone concentrations recorded in 2013 were consistent with 
recordings in pre-commissioning years, particularly 2010 and 2011. It was stated that this was against 
previous trends that appeared to be indicating progressively higher levels in 2011 and 2012.  The SKM 
report indicated that daily maximum 1 hour average ozone concentrations were consistently highest between 
August and November.  Analysis of the ozone data indicated a trend towards biannual elevated levels 
between August and December and again through February to April during higher periods of solar radiation 
during Spring and Summer.   

A summary of the 1 hour and 4 hour data for 2012 and 2013 against background levels is presented in 
Tables 5 and 6.  

4 Source: http://www.environment.gov.au/protection/publications/factsheet-ground-level-ozone-o3 
5 Source: http://www.epa.gov/groundlevelozone/health.html 
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The 2012 and 2013 annual reports indicate that there were no exceedences of the NEPM ozone standards 
for their respective reporting periods. However inspection of the data indicates that there were four 
exceedences of the 4-hour average ozone standard at Karratha during October 2012 (refer Table 7).  

Table 5: Ozone 1 hour Data Summary 
Averaging 

Period Air NEPM Karratha Dampier 

1 hour (ppb) 100   
    

2010 (ppb)  45.8 44.4 
2011 (ppb)  58.6 54.1 
2012 (ppb)  91.9 89.3 
2013 (ppb)   47.3 51.5 

 

Table 6: Ozone 4 hour Data Summary 
Averaging 

Period Air NEPM Karratha Dampier 

4 hour (ppb) 80   
    

2010 (ppb)  44.9 43.8 
2011 (ppb)  54.3 49.2 
2012 (ppb)  83.9 74.9 
2013 (ppb)  46.9 45.5 

 

Table 7: Ozone Exceedences – 4 Hour Average 

Date AAQMS  Ozone 4-hour 
average (ppb) 

24/10/2012 14:00 Karratha  84 
26/10/2012 18:00 Karratha  83 
26/10/2012 19:00 Karratha  82 
26/10/2012 20:00 Karratha  82 
NEPM Criteria  80 

1. 4 hour rolling average 

In October 2012, the Karratha station recorded the highest 1 hour average concentration of ozone (this brief 
period of elevated levels relative to the data for the preceding month is shown graphically in Figure 2). The 1-
hour average maximum concentration of 91.9 ppb is 91.9% of the Air NEPM standard. 

Other than the spike in October 2012, then the data is consistent with the background ozone levels for the 
period 2009 to 2011 in as much as the annual 1 hour and 4 hour concentrations are in the order of 50% of 
the Air NEPM standard and approximately 20% below the predicted maximum concentrations as stated in 
the PER.   

If the October 2012 data is included, then with the exception of two days in October 2012, monitoring data is 
consistent with predicted levels (the Air NEPM allows for 1 day of exceedences per year). 
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Figure 2: Karratha Ozone Concentrations - October 2012 

Elevated ozone levels can be associated with the presence of elevated levels of NOx due to industrial 
sources but can also be associated with natural events such as bushfires or controlled burning events, both 
of which generate large quantities of NOx and VOCs. A record of a major bushfire in Eneabba, some 
1200 km south of Karratha was recorded on October 23rd, 2012. Whilst the distance and the wind directions 
for the subsequent days would make this a highly unlikely source, no local fire data was accessible. 

Ozone levels are also strongly dependent on weather patterns, high temperatures and light winds. The wind 
rose data for 2012 indicates that winds during October 2012 were predominantly (if not exclusively) from the 
west indicating that the sources of elevated levels are likely to be external to the plant. 

Further analysis has been undertaken to identify whether there is any relationship between ozone levels and 
solar radiation. A plot of the data for Karratha over the two year period showed no clear relationship between 
solar radiation and ozone levels (refer Figure 3). In addition, XY scatter plots for both sites for the years 2012 
and 2013 (refer Figures 4 to 7) similarly showed no clear relationship with coefficients of determination as 
follows:  

 Karratha 2012  (R2 = 0.1145) 

 Karratha 2013  (R2 = 0.2173) 

 Dampier 2012  (R2 = 0.0826) 

 Dampier 2013  (R2 = 0.1017) 

Without the elevated levels in October 2012, the relationship at Karratha is still not statistically significant 
with R2 = 0.1183.  

Time plots for ozone and solar radiation for the individual days of 24 and 25 October 2012 and 
8 November 2012 for Karratha (the days of highest recorded ozone levels for the 24 month monitoring 
period) show ozone increasing during the day with solar radiation as expected (Figures 8-10). However, the 
monthly plots of October and November 2012 also show that ozone levels vary for similar solar radiation 
levels (refer Figures 11 and 12).  
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The detailed plots for Karratha in October 2012 and November 2012 also show that: 

 There is missing ozone data at the peak of the plot so the actual ozone concentration may have been 
higher. 

 There is missing data for solar radiation around 5 pm.  

The PER identified the potential for elevated levels of ozone under upset conditions. As such, the potential 
for upset conditions to have occurred has been explored. Upset conditions were defined as occurring under 
the following scenarios: 

 Upset condition 1: blocked mixed refrigerant compressor.  

The “worst credible case” flaring emissions scenario was based on a blocked MR compressor outlet, 
leading to flaring from the cold-dry flare. The duration of emergency flaring for this case was expected 
to be 15 minutes. During this time, the MR compressor turbine would be operational, and all other 
plant emissions would continue. This was considered to be a “once in a 30 year upset event”.  
The maximum predicted value under upset condition 1 was 116 ppb. 

 Upset condition 2: depressurising propane compressor 

The second upset condition scenario was based on depressurising the propane compressor circuit, 
resulting in flaring for up to ten hours. During the event, all equipment on one train would be shutdown 
whilst the other train would continue to operate normally.  This was considered to be a “once-a year” 
upset event. The maximum predicted value under upset condition 2 was 78 ppb. 

In response to a request for operational data for the period October 2012, Woodside6 indicated that plant 
conditions were not substantially different during this period compared to that experienced through the rest of 
2012.  

LNG was being produced steadily on and around 24-28th October at Pluto, with the closest trip prior 
being on the 15th October and restarted over the next two days. 
 
Flaring from the cold dry flare continued following the restart due to outage of the Nitrogen rejection 
unit, and inability to recycle back into the fuel-gas system. This was typical of 2012 operation, with the 
units commissioned in 2013 and operating since. Following LNG restart on the 17th October (and after 
all LNG production restarts in 2012), the cold dry flaring typically showed ~2400 tpd rate. Of this flow 
rate, approximately 70% by mass of this ‘end-flash’ gas is inert nitrogen (N2). 
 
Karratha Gas Plant was stable also, with a short LNG Trip and restart of LNG Train 5 on the 22nd 
October. Approximately 1 day of flaring was associated with the restart. 
 
Neither Pluto or Karratha Gas Plants experienced process conditions comparable to the ‘Upset-1’ or 
‘Upset-2’ condition for which the ‘worst case’ modelling was based on (especially as the upset 
modelling presented the conditions as continuous for the full year). 

 
Hence, at this stage, there is no definitive source for the spike in ozone levels and the data remains an 
anomaly.  

6 Email from Robert Hearn to Anthony Stuart. 4 November 2014. 
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Figure 3: Solar Radiation versus Ozone for Karratha (2012-2013) 

 
Figure 4: Ozone versus Solar Radiation for Karratha 2012  
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Figure 5: Ozone versus Solar Radiation for Karratha 2013 

 
Figure 6: Ozone versus Solar Radiation for Dampier 2012 
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Figure 7: Ozone versus Solar Radiation for Dampier 2013 

 
Figure 8: Karratha Ozone/Solar Radiation Data for 24 October 2012 
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Figure 9: Karratha Ozone/Solar Radiation Data for 25 October 2012 

 
Figure 10: Karratha Ozone/Solar Radiation Data for 8 November 2012 
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Figure 11: Karratha Ozone/Solar Radiation Data for October 2012 

 
Figure 12: Karratha Ozone/Solar Radiation Data for November 2012 
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7.6.2 Nitrogen Dioxide 
The most significant air quality impact from the project was considered to be nitrogen dioxide (NO2), 
representing the only atmospheric contaminant viewed as having an environmental risk of “medium” as 
opposed to “low” for all other emitted contaminants. The DEC report (2008) notes that:  

NO2 was predicted to exceed the NEPM guidelines (102.5%) at King Bay under a “one in 30 year” 
upset conditions scenario. As this upset scenario is only predicted to occur once in 30 years and the 
predicted NEPM exceedance is based on particular meteorological conditions being present at 
exactly the same time, it is highly unlikely that it will actually occur.  

The ground level concentrations utilised in the environmental risk assessment are presented below in 
Table 8. DEC (2008) allocated a medium level risk to NO2 on the basis that modelling of emissions indicated 
that predicted concentrations may be in excess of 50% of the Air NEPM standard.  

Design measures of the plant incorporated to specifically address NOx emissions included:  

 Dry low NOx burners in the gas turbines and use of waste heat recovery units on two turbines to 
maximise efficiency and reduce NOx emissions 

 Recovery of excess fuel gas through recompression in the fuel gas booster compressor 

 No continuous flaring 

 Appropriate fuel gas system balancing. 

Table 8: Predicted NO2 Ground Level Concentrations 

Parameter 

Maximum 1 hour 
average GLC at 

residents – 
normal 

operations 

% of NEPM 
guideline 

Maximum 1 hour 
average GLC at 

residents – upset  
operations 

% of NEPM 
guideline 

NO2 45 ppb 37.5% 52 ppb 43.0% 
 

A summary of the 1 hour and annual data against background levels is presented in Tables 9 and 10.  

The 2012 and 2013 annual reports indicate that there were no exceedences of the NO2 Air NEPM standard 
for their respective reporting periods.  

In comparison to the risk assessment and the predicted emissions being in the order of 50% of the Air NEPM 
1-hour average standard, monitoring results indicate that NO2 levels are less than 10% and 25% of the Air 
NEPM annual average and hourly average standards respectively and, for both annual and hourly data, 
approximately 30% of that predicted.  

As presented in the annual reports of 2012 and 2013, NO2 levels are consistent with background levels 
recording in the previous two years. The levels are also consistent with natural background annual mean 
concentrations of 0.4 to 9.4 μg/m3 (0.21 ppb to 5 ppb) based on European data7 or 0.6 ppb considered to be 
representative of the local background in the Burrup Peninsula devoid of industrial development and 
anthropogenic influences8.  
 

 

 

7 WHO Regional Office for Europe, Copenhagen, Denmark, 2000  
8 Rock Art Monitoring Management Committee, 2007  
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Table 9: NO2 1 Hour Average Data Summary 
Averaging 

Period Air NEPM Karratha Dampier Burrup Road 

1 hour (ppb) 120    
     

2010 (ppb)  20.8 25.4 33.0 
2011 (ppb)  26.6 24.3 29.2 
2012 (ppb)  25.0 27.1 18.7 
2013 (ppb)   28.0 26.0 26.3 

 

Table 10: NO2 Annual Average Data Summary 
Averaging 

Period Air NEPM Karratha Dampier Burrup Road 

Annual (ppb) 30    
     

2010 (ppb)  2.0 2.7 4.1 
2011 (ppb)  1.8 3.1 3.8 
2012 (ppb)  2.2 3.0 2.5 
2013 (ppb)  2.2 2.3 2.4 

 

In relation to vegetation impacts, tthe World Health Organisation (2005) notes that with nitrogen containing 
air pollutants, the key issue is the direct effect on plants caused by an exposure duration of between one 
hour and one year. However, it also notes that: 

 The guidelines are intended to apply to all classes of vegetation and under all environmental 
conditions. However, more information is needed to quantify the range of sensitivity. 

 The guidelines are based on research undertaken within temperate climates on a limited range of soil 
types. Caution is required when critical levels are considered for plants in very different conditions, for 
example in tropical and subtropical zones. 

 Greater understanding of long-term impacts on ecological parameters is required. 

 Whilst critical levels for short-term exposures have been proposed there are insufficient data to 
provide these levels with confidence at present, but current evidence suggests values of about 75 
μg/m3 for NOx  

 Interactive effects between NO2 and sulfur dioxide and/or ozone have frequently been reported. From 
a review of recent literature, however, it was concluded that the lowest effective levels for NO2 are 
approximately equal to those for combination effects (although in general, at concentrations near to its 
effect threshold, NO2 causes growth stimulation if it is the only pollutant, while in combination with 
sulfur dioxide and/or ozone it results in growth inhibition). 

 Critical levels for a 1-year period are recommended to cover relatively long term effects. The critical 
level for NOx (NO and NO2, added in ppb and expressed as NO2 equivalents in μg/m3) is 30 μg/m3 as 
an annual mean.  

EPA (2004) cites the World Health Organisation guidelines for vegetation and has converted these 
guidelines into parts per billion, quoting acceptable NO2 levels as: 

 36.5 ppb as a 24 hour average 
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 14.6 ppb annual average 

It is noted that EPA has based this conversion on 0°C, however the World Health Organisation guidelines 
are based on 25°C and as such the acceptable levels should be cited as:  

 39.9 ppb as a 24 hour average 

 16.0 ppb annual average. 

It is noted by way of comparison, that the USEPA National Ambient Air Quality Standards9 includes 
“secondary standards” to provide for public welfare protection, including protection against decreased 
visibility and damage to animals, crops, vegetation and buildings. The secondary standard of interest is 53 
ppb annual average for nitrogen dioxide. 

A summary of the 24 hour NO2 data for 2012 and 2013 compared with background data is presented in 
Table 11.  In relation to compliance with the recommended annual average for vegetation exposure, 
reference should be made to data presented in Table 10. 

Table 11: NO2 24 hour Data Summary 
Averaging 

Period WHO Karratha Dampier Burrup Road 

24 hour 39.9 ppb    
     

2010 (ppb)  5.1 10.9 13.2 
2011 (ppb)  5.6 10.2 11.4 
2012 (ppb)  6.7 9.5 7.2 
2013 (ppb)  5.0 9.3 8.4 

 

Based on the monitoring reports and the revised guideline values, NO2 levels recorded for 2012 and 2013 
are  

 14.7%, 23.6% and 19.5% of the recommended 24 hour average criterion for vegetation at Karratha, 
Dampier and Burrup Road respectively. 

 13.8%, 16.6% and 15.3% of the recommended annual average criterion for vegetation at Karratha, 
Dampier and Burrup Road respectively. 

 
  

9 http://www.epa.gov/air/criteria.html 
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8.0 SUMMARY OF OUTCOMES 
In accordance with Section 10 of the AQMP dated 7 September 2011, Woodside is required to review results 
of ongoing source emission monitoring and ambient air quality monitoring programmes and compare the 
results with previously completed sampling and monitoring results and the risk and impact assessments 
presented in the approvals documentation. Specifically, Sections 10.1 and 10.2 of the AQMP required the 
reviews to be undertaken by an independent peer reviewer. 

The objective of the review was to ensure that documentation submitted to regulatory authorities contained 
adequate and verifiable information to enable assessment of compliance with statutory and other 
requirements/commitments relating to environmental management of the Pluto LNG project. This review has 
confirmed that the data provided in the ambient air quality monitoring reports demonstrates material 
compliance with the National Environment Protection (Ambient Air Quality) Measure (Air NEPM). 

Data gaps exist in the ozone data sets (daily gaps in the order of approximately one hour during instrument 
calibration/quality control checks) and consequently there is the potential that higher values may have 
occurred than those reported in the reports.  Nonetheless, nitrogen dioxide values were typical of 
background levels and with the exception of two days in October 2012, ozone monitoring data is consistent 
with predicted levels (the Air NEPM allows for 1 day for exceedences). 

With respect to protection of environmental values namely:  

 Human health and well-being 

 The health and well-being of other forms of life, including native flora and fauna and agricultural 
products; and 

 Visibility, local amenity and aesthetics 

the standards established for NO2 and ozone primarily relate to human health and well-being.   

The USEPA National Ambient Air Quality Standards include “secondary standards” to provide for public 
welfare protection, including protection against decreased visibility and damage to animals, crops, vegetation 
and buildings. The secondary standards of interest are 53 ppb annual average for nitrogen dioxide and 75 
ppb 8 hour average for ozone.  

In addition, the World Health Organisation has recommended acceptable levels for the protection of 
vegetation from nitrogen dioxide as 39.9 ppb as a 24 hour average and 16.0 ppb annual average.  

From the 24 month monitoring data provided, nitrogen dioxide levels are below levels currently set to protect 
human health and well-being and are also below World Health Organisation and USEPA levels designed for 
protection of vegetation.  

From the 24 month monitoring data provided, ozone levels are also below levels currently set to protect 
human health and well-being and are below USEPA levels for protection of vegetation utilising the 4 hour 
average data as a point of comparison with the USEPA secondary criterion for an 8 hour average. 

Nonetheless, with reference to the current review of the existing NEPM threshold values, it cannot be 
categorically stated that the protection of environmental values has been met.  
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Report Signature Page 

GOLDER ASSOCIATES PTY LTD 

 

 

 

Dr. Helen Murphy Frank Fleer 
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APPENDIX A  
Limitations 
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About Environmental Audit Reports for Evaluating Environmental Risk 

The Environmental Audit report is prepared in a manner that can be read and understood by a person with 
legitimate interest in the site, such as the site owner or occupier and EPA, for determining whether risks to 
the environment were being adequately managed and compliance with regulatory requirements was being 
achieved.  The Environmental Audit Report relates specifically to the Environmental Audit scope provided in 
Section 3. 

The Environmental Audit report is not intended for use by other parties or for other purposes.  Anyone who 
uses the Audit report for purposes other than specified in the report does so at their own risk.   

The Environmental Auditor and Golder Associates Pty. Ltd. are only responsible for the issuing of the 
Environmental Audit report.  The Environmental Auditor and Golder Associates Pty. Ltd. accept no liability for 
the costs incurred in the implementation of any recommendations or measures.  The Environmental Audit 
provides a snapshot of the site conditions at the time of the site investigation.  Consequently, the 
Environmental Audit report may not be valid at a later time if there has been any change to operations at the 
site in that time.  Verification of the status of the site may be required in cases where significant time has 
elapsed, or site operations have changed since the assessment and Audit. 

Audit evidence collected during the Environmental Audit will inevitably be only a sample of the information 
available, partly due to the Audit being conducted during a limited period of time and with limited 
resources.  There is therefore an element of uncertainty inherent in all environmental audits and all users of 
the results of environmental audits should be aware of this uncertainty.  

The Environmental Audit report is not intended to be a comprehensive analysis of the presence and 
associated risk of asbestos in buildings and services.  Where asbestos in buildings and services is noted, the 
report may only caution that an appropriately qualified person be engaged to prepare a detailed asbestos 
management plan. 
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APPENDIX B 
NATA Scope of Accreditation - Ecotech 
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7.65 Air  
   .01 Industrial emissions  

Continuous monitoring of stack emissions- 
in-house methods 9.5 and 6.1- Oxide of nitrogen by chemiluminescence 
in-house methods 9.5 and 6.4- Carbon dioxide by IR  
in-house methods 9.5 and 6.3- Carbon monoxide by IR 
in-house method9.1- Benzene; carbon dioxide; carbon monoxide; formaldehyde; oxides of nitrogen; 
sulfur dioxide by Differential Optical Absorption Spectroscopy (DOAS) techniques  
in-house method 9.2- Gas flow by ultrasonic techniques 
in-house method 9.3- Temperature by instrumental techniques 
in-house method 9.4- Particulate- PM2.5, PM10, total suspended by TEOM  
in-house method 9.6- Oxygen by fuel cell 
 

   .02 Ambient air  
Continuous monitoring of ambient air- 
AS 3580.5.1 and in-house method 6.1- Oxides of nitrogen by chemiluminescence 
AS 3580.4.1 and in-house method 6.2- Sulfur dioxide by fluorescence 
AS 3580.7.1 and in-house method 6.3- Carbon monoxide by IR  
AS 3580.11.1 and in-house method 6.6- Hydrocarbons - methane, non-methane, total by FID 
AS3580.6.1 and in-house method 6.7- Ozone by chemiluminescence 
in-house method 6.4- Carbon dioxide by IR  
in-house method 6.5- Hydrogen sulfide by fluorescence 
 
Continuous monitoring of particulates in ambient air- 
AS 3580.9.3 and AS3580.9.6- Particulates - PM10, total suspended by high volume sampler and 
gravimetric techniques 
AS 3580.12.1 and in-house method 7.2- Particulates - visibility reduction by nephelometer 
AS3580.9.8- Particulates - PM10 by TEOM 
in-house method 7.1- Particulates - PM2.5, PM10, total suspended by high volume sampler and 
gravimetric techniques 
in-house method 7.3- Particulates - PM2.5, PM10 by TEOM 
AS 3580.9.11 and in-house method 7.5 - Particulate - PM10 by beta attenuation monitor (BAM) 
In-house method 7.5 - Particulate - PM2.5, total suspended by beta attenuation monitor (BAM) 
 
Continuous monitoring of ambient air- 
in-house method 10.1- Benzene; sulfur dioxide; toluene; para-xylene by Differential Optical 
Absorption Spectroscopy (DOAS) 
 
Type approval tests- 
EN 14211 (excluding section 9) Standard method for the measurement of the concentration of 
nitrogen dioxide and nitrogen monoxide by chemiluminescence 
EN14212 (excluding section 9) Standard method for the measurement of the concentration of 
sulphur dioxide by ultraviolet fluorescence 
EN14625 (excluding section 9) Standard method for the measurement of the concentration of ozone 
by ultraviolet photometry 
EN 14626 (excluding section 9) Standard method for the measurement of the concentration of 
carbon monoxide by non-dispersive infrared spectrometry 

   .06 Meteorological monitoring  
AS3580.14 and in-house method 8.1- Wind Speed (Horizontal) by anemometer 
AS3580.14 and in-house method 8.3- Wind direction by anemometer 
AS3580.14 and in-house method 8.4- Temperature - ambient by thermoelectric techniques 
AS3580.14 and in-house method 8.5- Relative humidity by hygrometer 
AS3580.14 and in-house method 8.6- Solar radiation - global exposure by pyranometer  
In-house method 8.6- Solar radiation - net exposure by net pyrradiometer 
AS3580.14 and in-house methods 8.7 and 8.8- Rainfall 
AS3580.14 and in-house method 8.9- Barometric Pressure  
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.71 Sampling  
For sub-classes of test 7.65.01, 7.65.02 
in-house method 9.5- Gas dilution system for continuous monitoring work of stack emissions 

 
7.75 Calibration of instruments  
   .01 Gas analysers  

Calibration in the laboratory 
by the methods of- 
in-house method 5.9 
for the following determinations- 
Ozone analyzer analyser (ultraviolet absorption) calibration in the range 20ppb - 520ppb  
Ozone analyser (chemiluminescence) calibration in the range 20ppb - 520ppb  
With least uncertainties of measurement of 6.8ppb or 1.8% (whichever is greater) 

 
7.81 Constituents of the environment  

 
   .21 Air  

As listed under 7.65.02 
   .71 Sampling  

For sub-class of test 7.81.21 
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APPENDIX C 
Plant Operating Records: October 2012 – November 2012 
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Pluto LNG Operating Detail during October 2012 

Flares: Warm Wet, Cold Dry, Storage and Loading A or B (one at a time). 

LNG Rundown: “1P1402A/B to LNG Storage” 
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Pluto LNG Operating Detail during October 2012 
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Karratha Gas Plant (KGP) Operating Detail during October 2012 

KGP LNG run-down rates 

 

KGP Flare rates 

 

KGP October Detail 
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Woodside Energy Ltd.
ACN 005 482 986
Woodside Plaza
240 St Georges Terrace
Perth WA 6000
GPO Box D188
Perth WA 6840
Australia
t: +61 8 9348 4000
f:+61 8 9214 2777

I www.woodside.com.au

30 December 2014

Dear Mr Inglis,

PLUTO LNG PROJECT AIR QUALITY MANAGEMENT PLAN - INDEPENDENT REVIEW OF
NITROGEN DEPOSITION MONITORING

As you are aware, Woodside is required to undertake an Ambient Air Programme in accordance with the
Pluto LNG Project Air Quality Management Plan (AQMP) prepared in compliance with Ministerial
Statement 757 (MS757). Condition 11-2. The AQMP includes a commitment to commission an
independent peer review of twenty four months of nitrogen deposition monitoring data as part of this
programme. Monitoring results are to be compared with both impact assessments prepared for Pluto
LNG Development approvals, and previous Burrup Rock Art Monitoring Management Committee
(BRAMMC) commissioned studies to assess whether the assumptions presented in approvals
documentation are consistent with measured results. Following the twenty four month review a decision
was to be made on the continuation of the nitrogen deposition monitoring requirement. The programme
and review process follows the AQMP and the review methodology endorsed by the Office of the
Environmental Protection Authority (0 EPA).

This letter provides reports which include data analysis, reporting and independent review findings.
These documents support that risk assessments outlined in approvals documentation are consistent with
measured results, and that any nitrogen deposition due to Pluto LNG emissions is insignificant. As such,
Woodside proposes that the study findings support the cessation of monitoring of nitrogen deposition
associated with the Pluto LNG Development. Woodside also requests that this component of the
programme prepared in accordance with MS757 Ambient Air Monitoring Condition 11-2, point 4 be
confirmed as Completed.

In summary, the independent review confirmed that there had been no significant change to the total
nitrogen deposition rate following commissioning of the Pluto LNG project and the depositional fluxes
measured during 2012 and 2013 are consistent with BRAMMC commissioned studies (which determined
that 2004-2008 deposition levels were unlikely to cause any deleterious effects to rock art on the Burrup
Peninsula). Furthermore, the independent review concluded that the data provided in the CSIRO
nitrogen deposition monitoring report demonstrates compliance with the World Health Organisation
critical load for the protection of lowland dry heathland ecosystems (in the absence of Australian
ecosystem classifications), together with a criterion for the protection of soil buffering capacity. The
review confirmed that further monitoring is not considered justified.

Enclosed are:

1. Enclosure 1: Independent Review Report - Review of Air Quality Management Plan - Nitrogen
Deposition, report prepared by Golder Associates Pty Ltd (2014)

2. Enclosure 2: Nitrogen Deposition Study - Final Report prepared by CSIRO Marine and Atmospheric
Research for Woodside (2014).



Woodside trust that this submission meets OEPA's requirements in order to demonstrate completion of
the AQMP nitrogen deposition monitoring study, as a component of MS757 Condition 11-2, point 4, and
look forward to your consideration of this matter.

If you have any queries in relation to the programme, or would like to meet to discuss the report
outcomes, please do not hesitate to contact Rob Hearn on (08) 9159 0097 or
Robert. Hearntwoodside.com au.

Yours sincerely,

Kate Yates
Asset Manager Pluto

Enclosure:
1. Independent Review Report - Review of Air Quality Management Plan - Nitrogen Deposition, report prepared by Golder

Associates Pty Ltd (2014).
2. Nitrogen Deposition Study - Final Report prepared by CSIRO Marine and Atmospheric Research for Woodside (2014).
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1.0 EXECUTIVE SUMMARY
Golder Associates Pty. Ltd. (Golder) was commissioned by Woodside Energy Ltd. (Woodside) to complete
an independent review of the air quality monitoring programme outlined in the Woodside Pluto LNG Project
Air Quality Management Plan (AQMP).

Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:

•	 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM2.5)
and benzene/toluene/xylene isomers (BTX) monitoring data

• 24 months of oxides of nitrogen (NO,,) and ozone monitoring data

• 24 months of nitrogen deposition monitoring data.

The outcomes of the independent review of the PM 10 , PM25, BTX, NO and ozone monitoring data have been
reported previously in Golder Report No.'s 127643046-005-R-RevO (PM 10 , PM25 and BTX) and 127643046-
008-R-RevO (NO, and ozone). Consequently this report examines the 24 months of nitrogen deposition
monitoring data only.

Prior to commissioning of the Pluto LNG project in December 2011 nitrogen deposition monitoring was
conducted by CSIRO Marine and Atmospheric Research in 2004/2005, 2007/2008 and 2008/2009. These
works were commissioned by the Burrup Rock Art Monitoring Management Committee (BRAMMC).
Subsequent to plant commissioning, Woodside commissioned CSIRO Oceans and Atmosphere Flagship
(CSIRO)to conduct further monitoring in 2012/2014 in line with the AQMP. The scope of the review was
limited to a desk top assessment of the nitrogen deposition monitoring report prepared by CSIRO covering
the period February 2012 to June 2014. In particular the consistency of data was assessed and compared
with the results of previously completed nitrogen deposition sampling and monitoring in order to confirm the
understood relative risk and expected impacts as presented in approvals documentation.

The review did not assess the accuracy of emission estimates for the purposes of initial modelling and risk
assessment, nor does it seek to identify any additional sources. In addition the review did not assess other
AQMP aspects or other environmental monitoring programmes undertaken. It is however noted that. in
addition to previous nitrogen deposition studies. BRAMMC commissioned a range of studies to evaluate the
potential impact of industrial emissions on aboriginal petroglyphs (rock art), including air dispersion modelling
and the monitoring of air quality, microclimate, dust deposition. colour change, mineral spectrometry,
accelerated weathering and microbiological analyses. It was subsequently concluded by BRAMMC that, as
at March 2009, 'there was no scientific evidence to indicate that there is any measurable impact of
emissions on the rate of deterioration of the Aboriginal rock art in the Burrup".

The objective of the review was to ensure that documentation submitted to regulatory authorities contained
adequate and verifiable information to enable assessment of compliance with statutory and other
requirements/commitments relating to environmental management of the Pluto LNG project.

This review has confirmed that the data provided in the CSIRO nitrogen deposition monitoring report
demonstrates compliance with both the World Health Organisation critical load for the protection of lowland
dry heathland ecosystems (utilised in the absence of Australian ecosystem classifications) together with a
criterion for the protection of soil buffering capacity. Similar to previous studies, criteria were not identified
that specifically related to the protection of rock art.

The review also confirmed that there had been no significant change to the total nitrogen deposition rate
following commissioning of the Pluto LNG project and, in line with BRAMMC recommendations based on
previous studies, further monitoring is not considered justified.

In completing the independent review, a number of recommendations have been made in relation to data
collection and validation. These recommendations are listed below and are not considered to have a material
impact on the interpretation of data collected during the review period or affect the validity of the programme
findings.
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The recommendations have been forwarded to Woodside for consideration and include that:

•	 should future sampling programmes be conducted, consideration should be given to the inclusion of
organic nitrogen in the scope

•	 CSIRO provide an explanation for the data gaps and varying sample periods in the report and provide a
commentary on the impact of non-concurrent sample periods for the various components of the
calculated deposition

•	 future reports include a statement regarding compliance of monitoring locations against the relevant
requirements of AS/NZS 3580.1.1 and AS/NZS 3580.14

•	 CSIRO confirm that all low volume sampler (LVS) equipment was calibrated in accordance with the
methodology and frequency noted in AS/NZS 3580.9.9 and that the results complied with the specified
acceptance/rejection criteria

•	 CSIRO confirm that total suspended particulates (TSP) and gaseous data has been averaged on a
time weighted basis

•	 CSIRO provide an explanation where no sample" has been recorded.

December 2014 Golder
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2.0 INTRODUCTION
Woodside Energy Ltd. (Woodside) received approval for the construction of facilities for the development of
the Pluto Gas Field on the North West Shelf, and the processing and export of the gas at a liquefied natural
gas (LNG) plant on the Burrup Peninsula, in Ministerial Statement No 757 dated 24 December 2007.

Storage and export facilities are located at what is known as Site A". The production of LNG and
condensate at "Site B" involves the following processes:

.	 gas receivable and inlet separation

• acid gas removal unit (AGRU)

• gas dehydration

• mercury removal

•	 liquefaction

• end flash and nitrogen removal

• fractionation/heavies removal

•	 refrigerant storage

•	 condensate stabilisation and export.

A high level process flow diagram for LNG production in shown in Figure 1.

Implementation of the project was subject to a number of conditions, including the preparation of an Air
Quality Management Plan (AQMP) to the requirements of the Minister for the Environment.

The AQMP was required to include:

•	 cumulative air quality modelling, using data from the Front End Engineering Design Report and
emissions from approved industrial sources at Cape Preston and Barrow Island

• proposed targets and standards

• an emissions monitoring programme which included nitrogen compounds, butene, toluene, ethylene,
xylene, ozone, acrylene and hydrogen sulphide emissions from the plant

•	 an ambient air quality and nitrogen deposition monitoring programme

•	 annual reporting.

The AQMP was submitted to the Environmental Protection Authority (EPA) on 23 September 2010. The plan
was subsequently revised and Revision 1 endorsed on 10 October 2011.

Section 2 of the AQMP notes that "butene, ethylene and acrylene initially specified in the Ministerial
Statement 757 are not present in the feed gas stream, nor produced or emitted by the Pluto LNG processing
system and will not be monitored as part of this plan'

In accordance with Section 10 of the AQMP dated 7 September 2011 (Revision 2: Reference No:
X0000AH0002), Woodside is required to review results of ongoing emissions monitoring and ambient air
quality monitoring programmes and compare the results with previously completed sampling and monitoring
results and risk and impact assessments presented in approvals documentation.
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Specifically, Sections 10.1 and 10.2 of the AQMP required a review of:

•	 12 months of particulate matter with an equivalent aerodynamic diameter less than 2.5 microns (PM 2 5)

and benzene/toluene/xylene isomers (BTX) monitoring data

• 24 months of oxides of nitrogen (NOr) and ozone monitoring data

•	 24 months of nitrogen deposition monitoring data.

The reviews were to be undertaken by an independent peer reviewer, subject to approval by EPA.

In this regard, Dr Helen Murphy of Golder Associates Pty. Ltd. (Golder), an Environmental Auditor appointed
pursuant to the Victorian Environment Protection Act 1970, was engaged by Woodside for the purpose of
providing an independent review of the ambient air quality data. EPA endorsed the appointment on 21
August 2012.

The outcomes of the independent review of the PM 10 , PM25, BTX, NO x and ozone monitoring data have been
reported previously in Golder Report No's 127643046-005-R-RevO (PM 10 , PM 25 and BTX) and 127643046-
008-R-RevO (NOr and ozone). Consequently this report examines the 24 months of nitrogen deposition
monitoring data only.

Your attention is drawn to the document "Limitations, which is included as Appendix A to this report. The
statements presented in this document are intended to advise you of what your realistic expectations of this
report should be. The document is not intended to reduce the level of responsibility accepted by Golder, but
rather to ensure that all parties who may rely on this report are aware of the responsibilities each assumes in
so doing.
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Report No. 127643046-009-R-RevO	 5	 Associates



REVIEW OF AIR QUALITY MANAGEMENT PLAN - NITROGEN
DEPOSITION

3.0	 ENVIRONMENTAL REVIEW OBJECTIVE AND SCOPE
As requested by Woodside, Environment Protection Authority of Victoria (EPAV) Publication No. 952.31 has
been used as the basis for describing the components of the review.

The following information is provided in response to these requirements.

3.1	 Objective
The objective of the review is to ensure that documentation submitted to regulatory authorities contains
adequate and verifiable information to enable assessment of compliance with statutory and other
requirements/commitments relating to environmental management of the Pluto LNG project.

3.2	 Scope
The scope was outlined in the proposal to Woodside dated 17 April 2012.

Specifically the scope would include an independent review of the Pluto LNG Plant AQMP ambient air quality
and nitrogen deposition monitoring programmes and reports, noting that this is a two year monitoring
programme with Sinclair Knight Merz (SKM) managing the ambient air quality monitoring component and
CSIRO Oceans and Atmosphere Flagship undertaking the nitrogen deposition study.

The proposed approach to address the scope of work was a desktop review of key documents with review of
additional documentation/information limited to points of clarification where necessary.

3.3	 Elements
An element is defined in the Victorian Environment Protection Act 1970 as any of the principal constituent
parts of the environment including waters, atmosphere, land. vegetation, climate, sound, odour, aesthetics,
fish and wildlife.

The scope of the review was limited to the atmosphere.

3.4	 Segment
The aforementioned EPAV Publication No. 952.3 states that the segment of the environment must be
described in terms of, but not limited to:

.	 The geographical extent, including:

• The boundaries of the premises or land area (such as a catchment) on which the activity is
conducted

•	 That portion of the surrounding environment to which the activity may pose a risk that will be
considered

• The time-frame to which the environmental audit applies.

The geographical area considered for assessment of ambient air quality is the local and regional airshed
surrounding the Pluto LNG Plant and the potential impact on environmental values or the health, welfare or
amenity of the people and surrounding land uses. Specifically for nitrogen deposition, the potential impact
on aboriginal rock art (petroglyphs) on the Burrup Peninsula was assessed.

The timeframe to which the review applies is intended to cover 24 months of nitrogen deposition data. The
data supplied covers the period February 2012 to June 2014.

Environmental Auditor Guidelines for the Preparation of Enwonmenral Audi Repoirs on Fisk to the Environment. Environment Protection Authority of Victoria, Publication No
0523. October 2012
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3.5	 Beneficial Values
Section 3A of the Western Australia Environment Protection Act 1986 describes environmental harm to
mean direct or indirect -

a) harm to the environment involving removal or destruction of, or damage to -

I)	 native vegetation; or

ii) the habitat of native vegetation or indigenous aquatic or terrestrial animals; or

b) alteration of the environment to its detriment or degradation or potential detriment or degradation: or

C)
	

alteration of the environment to the detriment or potential detriment of an environmental value; or

d)
	

alteration of the environment of a prescribed kind;

material environmental harm means environmental harm that -

a) is neither trivial nor negligible; or

b) results in actual or potential loss, property damage or damage costs of an amount, or amounts in
aggregate, exceeding the threshold amount;

serious environmental harm means environmental harm that -

a)	 is irreversible, of a high impact or on a wide scale; or

b)	 is significant or in an area of high conservation value or special significance: or

c)	 results in actual or potential loss, property damage or damage costs of an amount, or amounts in
aggregate, exceeding 5 times the threshold amount.

EPA has prepared a draft State Environmental (Ambient Air) Policy 2009. The draft Policy identifies
environmental values to be protected which are:

a) Human health and well- being

b) The health and well-being of other forms of life, including native flora and fauna and agricultural
products; and

C)
	

Visibility, local amenity and aesthetics.

The risks presented in the local and regional airshed are documented in EPA's report and recommendations
for the Pluto LNG Development dated July 2007 (pg 22):

The EPA's environmental objective for this factor is to ensure that emissions do not adversely affect
environmental values or the health, welfare or amenity of the people and land uses by meeting statutory
requirements and acceptable standards.

The EPA notes that the proposed use of best practice for fugitive emission control and the use of natural gas
fired gas turbines results in ambient air quality that meets the NEPM criteria and the WHO criteria (for
deposition).

Having particular regard to the:

a) best practice control of fugitive emissions:

b) recommended condition requiring a Front End Engineering Design (FEED) report; and

C)
	

recommended condition requiring an AQMP,

It is EPA's opinion that the proposal can be managed to meet the EPA's environmental objectives for this
factor [Air quality], provided the recommended conditions are made legally enforceable.
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This review principally assesses whether the data provided in the CSIRO 2012/2014 nitrogen deposition
monitoring report are consistent with data obtained by CSIRO Marine and Atmospheric Research, on behalf
of the Burrup Rock Art Monitoring Management Committee (BRAMMC), in 2004/2005, 2007/2008 and
2008/2009. The review also compares the measured deposition rates with the modelling undertaken for the
Draft Public Environment Report/Public Environmental Review (PER) and subsequently utilised by the
Department of Environment and Conservation in their environmental assessment report.

	

3.6	 Expert Support Team
The expert support team to Dr Helen Murphy was utilised, specifically Frank Fleer of Golder Melbourne office
for peer review. Anthony Stuart of the Golder Perth office was Project Manager providing client liaison and
local support.

	

3.7	 Stakeholder Involvement
As the environmental regulator and instigator of this review. EPA was a key stakeholder and was consulted
initially to confirm the appointment of the independent peer reviewer and the review methodology.

The review scope did not include direct consultation with key stakeholders other than Woodside staff.

December 2014	 (Cok1cr
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4.0	 METHODOLOGY
Section 10 of the AQMP indicates that the review process methodology will be agreed upon prior to the first
review with EPA, Woodside and the independent peer reviewer. Woodside advised that the methodology
adopted should be consistent with EPAV Publication No. 952.3.

The methodology adopted incorporated a desk top review of the following:

• Review of background information provided by Woodside for the purposes of providing context to the
nitrogen deposition data

•	 Review of nitrogen deposition modelling results presented in the CSIRO report

• Review of risk assessment completed as part of the EPA approval documentation

• Review of 24 months nitrogen deposition data

•	 Review of nitrogen deposition report for any inconsistencies in data or gaps in data

•	 Review of nitrogen deposition data for trends

• Assess consistency of data with that presented in the PER and air quality modelling reports

• Assess consistency of data with EPA's assessment of risk.

In addition, discussions were held with Mr Rob Hearn (Woodside Environmental Engineer - Operations) for
the purposes of clarification.

Wherever possible, verification of primary data (original data) is the preferred approach. Secondary sources
are based on primary sources: in as much as they analyse and evaluate primary sources. Secondary
sources are represented by the spreadsheet data generated from data collected

In this instance the review was limited to consideration of the data contained in the final report.
Consequently primary and secondary data has not been verified and is considered outside the scope of this
audit. The independent collection of data to verify the information presented was also excluded from the
audit scope.

The methodology proposed to EPA indicated that 24 months of nitrogen deposition data would be reviewed.

Prior to commissioning of the Pluto LNG project in December 2011, nitrogen deposition monitoring was
conducted by CSIRO Marine and Atmospheric Research in 2004/2005, 2007/2008 and 2008/2009. These
works were commissioned by BRAMMC. Subsequent to plant commissioning, Woodside commissioned
CSIRO Oceans and Atmosphere Flagship (CSIRO) to conduct further monitoring in 2012/2014, in line with
the AQMP.

The review methodology was endorsed by EPA on 16 October 2012. Woodside requested an amendment to
the EPA submission timeframes (to 31 December 2014) in correspondence dated 1 May 2014 in light of
difficulties in locating and agreeing on access to a suitable nitrogen deposition background monitoring site.
This amendment was endorsed by EPA on 14May 2014.

December 2014	 (Golder
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5.0 DOCUMENTATION REVIEWED

	

5.1
	

Background Information
The following information was provided for review by the independent peer reviewer and, where appropriate,
members of the expert support team.

Background Information

	•	 Environmental Protection Authority: Cumulative Impacts of Oxides of Nitrogen Emissions from
Existing and Proposed Industries, Burrup Peninsula, Bulletin 1124, January 2004

	

•	 SKM: Pluto LNG Development Cumulative Air Quality Study, October 2006

	

•	 Woodside: Pluto LNG Development - Draft Public Environment Report/Public Environmental
Review, EPBC Referral 2006/2968, Assessment No. 1632, December 2006

	

•	 Environmental Protection Authority: Pluto LNG Development, Burrup Peninsula. Report and
recommendations of the Environmental Protection Authority, Bulletin 1259, July 2007

	

•	 Department of Environment and Conservation: Works Approval W4444/2008/1 Pluto LNG Project,
28 August 2008

	

•	 CSIRO Marine and Atmospheric Research: Burrup Peninsula Air Pollution Study: Report for
2004/2005 and 2007/2008, 10 September 2008

	

•	 Burrup Rock Art Management Committee: Report and Recommendations to the Minister for State
Development, April 2009

	

•	 CSIRO Marine and Atmospheric Research: Burrup Peninsula Air Pollution Study: Report for
2004/2005, 2007/2008 and 2008/2009, 9 February 2010

	

•	 Woodside: Pluto LNG Project Air Quality Management Plan, September 2011

	

•	 An Acid Deposition Study in a Remote Area of North-Western Australia, Gillett. R.W.. Selleck, P.W.
and Powell, J.C., Air Quality and Climate Change Journal, Volume 46, No. 3. August 2012

	

•	 Woodside: Correspondence to EPA, 1 May 2014

	

•	 Environmental Protection Authority: Correspondence to Woodside, 14 May 2014
Nitrogen Deposition Data: February 2012— June 2014

	

•	 CSIRO: Woodside Nitrogen Deposition Study Final Report, 10 October 2014

	

5.2
	 Reference Documentation

U
	 Environmental Auditor Guidelines for the Preparation of Environmental Audit Reports on Risk to the

Environment (EPAV Publication 952.3, October 2012)2

LI
	 Environmental Auditor Guidelines for Conducting Environmental Audits (EPAV Publication 953.2,

August 2007).

Superseded by EPAV Pub:oatjo,1 No 9524. April 2013
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6.0 BACKGROUND
In 2002 the Western Australian Government established the Burrup Rock Art Monitoring Management
Committee (BRAMMC), in response to concerns expressed about possible adverse impacts on rock art by
industrial emissions to air. This Committee commissioned a range of studies to evaluate the potential impact
of industrial emissions on aboriginal rock art, including air dispersion modelling and the monitoring of air
quality, microclimate, dust deposition, colour change, mineral spectrometry, accelerated weathering and
microbiological analyses.

EPA assessed the cumulative impacts of oxides of nitrogen emissions from existing and proposed industries
on the Burrup Peninsula in their report dated January 2004. The report notes that both dry and wet
deposition of acid gases, oxides of nitrogen (NO,,) and sulphur dioxide (SO 2 ) has potential impacts on
vegetation, terrestrial aqueous systems, fauna, molluscs, soil acidity and rock surface erosion, with the latter
potentially impacting on aboriginal rock art found on the Peninsula. The Burrup Peninsula rock art was
included on the National Heritage List in 2007.

Potential vegetation impacts include visual effects, growth depression or stimulation, altered root to shoot
ratios, plant reproduction effects and changes to algal communities. Nitrogen deposition could also result in
nutrient enrichment of the soil, with associated changes to plant species, distribution, abundance and
diversity. It is noted however that there is no specific information relating to the effects of acid gas deposition
on vegetation present on the Burrup Peninsula.

CSIRO modelling conducted in October 2003 estimated that the maximum dry deposition of NO. and SO 2 on
land in the region was 1.94 kg nitrogen dioxide (NO 2 ) per hectare per year and 1.0 kg SO 2 per hectare per
year, due to emissions from existing and proposed industries. SKM modelling was also reported, with
deposition rates of 2.1 kg NO 2 per hectare per year and 2.6 kg SO 2 per hectare per year.

One of the conclusions of the 2004 EPA report was that, given NO,, emissions from existing and proposed
sources, the potential impacts of nitrogen deposition on vegetation and rock art should be assessed through
monitoring, noting the investigations of BRAMMC into the effects of air pollutants on rock art and suggesting
that these be extended to include an evaluation of the effects of pollutants on vegetation.

Whilst noting that further work was required to address the uncertainties of deposition modelling, the Pluto
LNG Development PER (December 2006) describes the outcomes of SKM TAPM modelling (October 2006),
with the highest deposition predictions of 1 to 2 kg SO 2 per hectare per annum and 3 to 4 kg NO 2 per hectare
per annum.

The uncertainties associated with modelled deposition rates are due to the water, soil and vegetation surface
resistances assumed in the calculations. SKM note that the deposition rates are consequently indicative
only and recommend the conduct of deposition monitoring.

An international Working Group reviewed progress in the monitoring and modelling of atmospheric nitrogen
deposition on a regional and global scale 3 . The Group confirmed that the modelling of dry deposition fluxes
is very uncertain and can seldom be compared to measurement, due to factors that include incompleteness
of observations, uncertainties of chemistry schemes and the sparseness of measurements, with reliance of
inferential modelling (combining ambient air concentrations with exchange rates) and a lack of direct dry
deposition flux measurements to test the inferential models.

The World Health Organisation (WHO)4 defines a critical load of acidity as "the highest deposition of
compounds that will not cause chemical changes leading to harmful effects on ecosystem structure and
function" with the nitrogen critical load dependent on the:

a ecosystem type

'Progress in Nitrogen Deposition Monitoring and MOd.elhng, Aas. W at at. Proceecangs of the International 	 Initiative wofttsriop hnhiing experts of the Convention on Long-
range Transbourtdary Air Pollution and the Convention on Biological Dweroity. Sponger SoenceBusiness Mona Dordrecht, 2014

Air Quality Guidelines for Europe. 2' Edition, World Health Orgarusat,on Regional Publica5ons. European Senes No 91 Copenhagen. 2000
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past and present land use and management

abiotic conditions, especially those that influence the nitrification potential and immobilization rate in the
soil.

WHO guidelines for nitrogen deposition to natural and semi-natural freshwater and terrestrial ecosystems
include 15 to 20 kg nitrogen (N) per hectare per annum (corresponding to 49 to 66 kg NO 2 per hectare per
annum) for lowland dry heathiand. In the absence of a classification applicable to ecosystems on the Burrup
Peninsula, this is considered appropriate. This value was used by SKM in assessing the results of the 2006
nitrogen deposition modelling assessment, resulting in the conclusion that nitrogen deposition, due to
emissions to air from both existing sources and the proposed Pluto LNG project, was insignificant.

EPA Bulletin 1259 (July 2007) considered the potential impact of air emissions on Burrup Peninsula rock art
and concluded that "the data collected so far by the Burrup Rock Art Monitoring Management Committee
suggests that there is no link between current emission levels and effect on rock art. EPA considers that the
insignificant increase in cumulative deposition rates from the Pluto LNG Development is unlikely to change
this conclusion'.

In Condition 11-2 of Statement No. 757 (24 December 2007), the Office of the Appeals Convenor required
Woodside to prepare an AQMP for the Pluto LNG project, which included the conduct of a nitrogen
deposition monitoring programme.

In April 2009 BRAMMC issued a report to the Minister for State Development, summarising the results of a
number of environmental studies. The acidity of rainfall on the Burrup Peninsula was found to be generally
similar to other remote areas, with small increases in levels of nitrogen and sulphur at sites close to industrial
sources. Rock samples were exposed to high concentrations of pollutants (five to ten times the estimated
maximum concentrations) in a laboratory environment, with no detectable change to the rock surface colour.

Several examples of rock art on the Peninsula were also examined over a four year period, indicating no
perceptible colour change and no change to surface mineralogy. The report concluded that no specific
environmental management measures were required to protect the rock art from air pollutants, with
BRAMMC noting that there are no known criteria for assessing the impact of air pollution on rock types
associated with the rock art.

As part of the study. CSIRO conducted an analysis of air pollution, rainwater composition and acid
deposition on the Burrup Peninsula to assess the likelihood that air pollution from the industrial
area was damaging rock art. Monitoring was conducted from August 2004 until September 2005
(2004/2005) and from February 2007 until September 2008 (2007/2008). This study concluded that nitrogen
and sulphur deposition fluxes were tens of milliequivalents per square metre per year which would only affect
soil or rock in the most sensitive class of critical loads. As the Burrup area is in a critical load class that can
cope with a deposition flux of about 200 milliequivalents per square metre per year. acid deposition to the
Burrup area was considered unlikely to cause any deleterious effects to rock or rock art on the Burrup
Peninsula.

The Woodside AQMP for the Pluto LNG project (2011) proposed the conduct of nitrogen deposition
monitoring at six locations on and adjacent to the Burrup Peninsula between the end of 2011 and the end of
2013, before and during operation of the Pluto LNG project.
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7.0 AMBIENT AIR QUALITY MONITORING
7.1
	

Monitoring Programme Scope
The Woodside AQMP noted that rainwater, total suspended particulate matter (TSP) and NO 2 (passive)
samples would be collected at each location, with ammonium (NH 4 ) and nitrate (NO) ion analyses
conducted on the rainwater, particulate matter and passive (NO 3 only) samples. The AQMP also noted that
particle size distributions, over the range 0.056 l.Lm to 10 ).tm, were to be determined by collection of weekly
samples at one location for a period of three weeks, to enable calculation of nitrogen deposition of particles.

In addition to the scope outlined in the AQMP, CSIRO monitored ammonia (NH 3) and nitric acid (HNO 3) in
the gaseous phase at each of the locations. The range for the particle size distribution analyses was also
extended to include particles up to 18 pm.

In their review of dry deposition monitoring methods", Alberta Environment note that species commonly
measured for the inference method used by CSIRO are NO 2 , gaseous HNO3 and HNO 2 and particulate NH4*
and NO 3', together with particulate base cations, as their co-deposition results in a reduction in the amount of
deposited acidity. Monitoring of NH 3 was not listed.

Cheng et a16 recommend that NH 3 is not considered when estimating dry deposition, as sufficient
understanding of its biochemistry is yet to be achieved.

The international Working Group 3 recommended that the number of nitrogen species routinely measured be
increased to include organic nitrogen, NH 3 , HNO 3 and NO 2 in ambient air quality measurements to enable a
more comprehensive estimate of dry deposition. Organic nitrogen species include peroxyacetyl nitrate
(PAN), peroxypropionyl nitrate (PPN) and amines.

The organic nitrogen contribution may be high (10% to 40%) in some areas, for example in parts of China.
This is consistent with the results of a study conducted by Duce et a1 7 , which estimated that about a third of
the ocean's external nitrogen supply is entering the open ocean via deposition of atmospheric anthropogenic
nitrogen, with approximately 30% of that being organic nitrogen.

WHO also note the potential contribution of nitric oxide (NO). dinitrogen pentoxide (N 205) and nitrous oxide
(N 20) to nitrogen deposition. Wesely and Hicks 8 however note that nitric oxide (NO) dry deposition is usually
negligible, due to its low solubility and low oxidizing capacity. The exclusion of NO from the CSIRO nitrogen
deposition monitoring programme is therefore considered appropriate and the difficulty in measuring N205
and N 20, especially in remote locations, is acknowledged.

Despite the concerns raised by Cheng et al, it is considered that the inclusion of NH 3 provides a conservative
basis for the CSIRO assessment and is consistent with the international Working Group recommendation.

Organic nitrogen has not however been measured in any of the studies conducted to date on the Burrup
Peninsula. Future sampling programmes should consider its inclusion, if only to confirm on a limited basis
that it does not represent a significant load.

Recommendation 1: It is recommended that, should future sampling programmes be conducted,
consideration should be given to the inclusion of organic nitrogen in the scope.

The measurement of particulate base cations is used to calculate dry deposition acidity, rather than total
nitrogen deposition, which was the objective of the Woodside monitoring programme. Consequently the
analysis is not considered critical to the current programme.

Dry Deposition Monitoring Methods in Nberta. Aibeila EnrroiYnentai, March 2006

Acidic Deposition Monitoring and Cato.abons in Aibena. Chang L at at. AJberla Enwonmenfat. 2001

Impacts of Atmospheric Anthropogenic Nogen on the Open Ocean. Duce. R.A at at, Science, 320, 893.897 (2008)

A Review of inn Current Status of Knowledge on Dry Deposition Wesey M L and N0k5 B B Atmospheric Er.wonrm,nt. 34 2000
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7.2	 Sampling Period
Nitrogen deposition monitoring was actually conducted during the period February 2012 to May 2014,
following the commencement of Pluto LNG plant commissioning, and into operations. Previous monitoring
had, however, been conducted by CSIRO (then CSIRO Marine and Atmospheric Research) in 2004/2005,
2007/2008 and 2008/2009, providing suitable comparative data prior to the plant commencing
commissioning and operations.

CSIRO noted difficulty in gaining access to the various sampling locations during the current programme,
consequently the period over which sampling was conducted varied between sites:

i Sites 1 t 3— February 2012 to June 2014

•	 Site 4— June 2012 to June 2014

•	 Site 5— May 2012 to June 2014

•	 Site 6— April 2013 to June 2014.

Site 6 was the designated background site, located approximately 33 km south-west of Karratha.

Data covering a minimum period of 24 months was therefore generally available for review at Sites 1 to 5
and 14 months at Site 6 (background site). Background data obtained was however consistent with the
results of previous monitoring programmes in 2004/2005, 2007/2008 and 2008/2009.

There are however some inconsistencies between the commencement and completion dates for various
components of the monitoring programme. as highlighted in Table 1.

Table 1: Nitrogen Deposition Sampling Periods

Site No.	 TSP	 Gaseous Species	 Rainwater

1	 1 Feb l2- Jun l4 1 Mar l2- Jun l4 1 Feb l2- Jun l4

2	 Feb 12 -Jun l4	 Mar l2- Jun l4	 Feb l2- Jun l4

3	 Feb l2- Jun l4	 Mar l2- Jun l4	 Feb i2- May i4

4	 Jun l2- Jun l4	 Jun l2- Jun l4	 Nov l2- Jun l4

5	 Jun i2- Jun l4	 Jun i2- Jun l4	 May i2- May l4

6	 Jul 13- Jun 14	 Apr 13- Jun 14	 May 13- May 14

In addition there are some unexplained data gaps, for example, no rainfall data is reported for:

•	 Site 1:12 March 2012 to 2 May 2012: 9 July 2012 to 16 November 2012: 14 March 2013 to 12 April
2013; 10 July 2013 to 9 October 2013; 13 February 2014 to 27 March 2014

•	 Site 2: 2 May 2012 to 16 November 2012; 14 December 2012 to 2 January 2013: 14 March 2013 to 12
April 2013; 10 July 2013 to 10 October 2013

•	 Site 3: 9 July 2012 to 2 January 2013; 8 February 2013 to 12 April 2013; 13 May 2013 to October 2013;
21 November 2013 to 13 December 2013: 13 February 2014 to 27 March 2014

•	 Site 4:14 December 2012 to 2 January 2013; 14 March 2013 to 12 April 2013; 10 July 2013 to 10
October 2013: 21 November 2013 to 13 December 2013

December 2014	 (GoJder
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Site 5:12 June 2012 to 15 November 2012: 14 December 2012 to 2 January 2013; 8 February 2013 to
12 April 2013; 10 July 2013 to 12 December 2013: 14 February 2014 to 27 March 2014

U
	

Site 6:11 July 2013 to 9 October 2013: 21 November 2013 to 12 December 2013: 13 February 2014 to
15 April 2014.

It could be assumed that no rainwater was collected by the samplers during these periods: however this
should be stated in the report. The impact of varying data periods should also be described, with data
averages for the measured components not concurrent in some instances.

Recommendation 2: It is recommended that CSIRO provide an explanation for the data gaps and varying
sample periods in the report and provide a commentary on the impact of non-concurrent sample periods for
the various components of the calculated deposition.

It is also noted that the data is summarised in the CSIRO report as "annual" averages whereas the actual
averaging periods are greater.

7.3	 Equipment
Rainwater samples were collected utilising an N-Corn Systems automatic rainwater sampler. There is no
Australian Standard covering the collection of rainwater samples for subsequent analysis, with AS 3580.14
referring to the measurement of precipitation using tipping bucket rain gauges only. The equipment utilised
in the nitrogen deposition study is, however, considered acceptable.

TSP samples were collected on PTFE filters utilising an Ecotech MicroVol 1100 low volume sampler (LVS).
The equipment complies with the requirements of Australian Standards AS/NZS 3580.9.910 and AS/NZS
3580.9.1011 for the collection of PM 10 and PM 2.5 samples in ambient air, however the only recognised
procedure for determining TSP in ambient air is AS/NZS 3580.9.312.

The MicroVol PM 10 LVS contains an impactor plate for size selection which is removed when measuring
TSP. Whilst the equipment manufacturer claims in promotional material that the equipment is suited to the
determination of TSP, there are no validation studies available to demonstrate equivalence to the TSP high
volume sampler.(HVS)

It is acknowledged however that the use of a TSP HVS in a remote location is impractical, with 240 V power
required for operation, and that a LVS represents the only realistic solution.

NO 2 , NH 3 and HNO 3 gas samples were collected utilising passive samplers based on the IVL Swedish
Environmental Institute design. There is no Australian Standard for the measurement of gaseous air
pollutants using passive sampling methods. The technique relies on molecular diffusion, with gas molecules
diffusing from a region of high concentration (sampler open end) to a region of low concentration
(impregnated filter) in accordance with Fick's Law.

A validation study has been conducted on the NO 2 passive samplers, with samplers exposed for one week
over a 19 to 21 week period at two different sites in Melbourne 13 . The correlations between the passive and
active samplers showed slopes of 0.98 and 1.04, together with corresponding coefficients of determination of
0.81 and 0.89, indicating that the samplers are providing quantitative measurements. Sampler precision,
expressed as a mean percentage difference between duplicates, was in the range 5% to 10%.

Methods for Sampling and Analysis of Ambient Air . Meteorological Monitoring for Ambient Air Quality Monitoring AppIiCa00ns. Standards Australia, ASINZS 3580 14, 2011

Methods for Sampling and Analysis of Ambient Air . Determination of Suspended Particulate Matter - PMIO Low Volume Sampler . Gre vimetnc Method. Standards Australia.
AS/NZS 358099, 2006

Methods for Sampling and Analysis of Ambient Air . Determination of Suspended Particulate Matter - PM, 5 Low Volume Sampler- Grairmetnc Method. Standards Australia.
AS/NZS 35809 10. 2006

Methods for Sampling and Analysis of Ambient Air . Determination of Suspended Particulate Matter - Total Suspended Particulate Matter (TSP) - High Volume Gravsnselnc
Method. Standards Australia. AS/NZS 3580 93. 2014,3 

Validation of Passive Ddfusion Samplers for SO, and NO Ayers GP et 51 AtnSpherlC Enwori,rsirrl VOlume 32 Issue 20 SoplerrCer 1908
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A further study compared the results obtained from ten NH 3 passive samplers 14 , including samplers similar in
design to the CSIRO/IVL Swedish Environmental Institute samplers, with those from a wet annular denuder.
Although the performance of individual samplers could not be determined from the reported results, the
journal article concluded that most of the passive samplers could be recommended for further use.

A study comparing the results from the HNO3 IVL Swedish Environmental Institute passive sampler and a
sodium chloride annular denuder in Greece, Italy and Sweden 15 found that, for monthly monitoring, the
accuracy of the passive sampler was approximately ±25%. with a coefficient of variation of 0.16 g per cubic
metre. Due to the random scatter between the passive sampler and denuder results it was also concluded
that the comparison was improved with longer term averages, with an accuracy of ±18% for bimonthly
average concentrations.

On the basis of the available information, the passive samplers utilised by CSIRO in the nitrogen deposition
monitoring programme are considered acceptable.

	

7.4	 Siting of Equipment
The monitoring sites noted in the AQMP were Woodside East, Burrup Road, Water Tank. King Bay South,
Karratha and Mardie Station, with associated coordinates. As reported by CSIRO, there were some
changes to site names and slight location changes in comparison with previous monitoring programmes, with
the background site relocated due to the separation distance from recently installed third party emission
sources, and access constraints. The changes noted were not considered to significantly alter the outcomes
of the nitrogen deposition study.

AS/NZS 3580.1.116 contains guidelines for the siting of air quality monitoring equipment, including TSP
(although as noted above the referenced standard is AS/NZS 3580.9.3). The Standard recommends that the
TSP sampler inlet is within the range 1.0 m to 5.0 m above ground level, there are no extraneous sources
nearby and that there is unrestricted air flow of 180° around the sampler inlet with no obstruction between
the major source and the sampler.

For NO 2 , although the referenced Australian standard is not the method that was utilised. compliance with
AS/NZS 3580.1.1 guidelines for NO, neighbourhood and background sites should be assessed. These
include a sampler inlet height of 2.0 m to 15 m above ground level, a minimum clear sky angle of 120°, an
unrestricted airflow of 270° around the sampler inlet (or 180 0 if on the side of a building), a minimum of 10 m
from the dripline of trees (higher than 2 m below the sampler inlet height) and greater than 10 m from roads,
with no extraneous sources nearby.

As noted previously there are no Australian Standards specifically relating to rainwater samplers, however.
AS/NZS 3580.14 does contain siting requirements for tipping bucket rain gauges which could be used.
These include a minimum height of 300 mm above ground level and a surrounding surface of grass or gravel
to reduce in-splashing, with other objects no closer than twice their height above the sampler inlet. A
windshield around the sampler, or other method for reducing the effects of wind, should also be used.

The CSIRO report does not contain a statement as to whether the sampling equipment locations are
compliant with these requirements and whether these non-compliances are significant.

Recommendation 3: It is recommended that future reports include a statement regarding compliance of
monitoring locations against the relevant requirements of AS/NZS 3580.1.1 and AS/NZS 3580.14.

	

7.5	 Sample Analyses
The AQMP suggests that rainwater and TSP soluble ion (NH 4 and NO3 ) contents were to be determined by
ion chromatography, with the TSP filters analysed gravimetrically prior to soluble ion extraction. The passive
samplers were to be analysed for NO 3 content by colorimetric spectrophotometry following extraction.

F,ed Intervomparison of Diffusive Samplers for Measuring Ammonia, Kirchner. M et N. Journal of Ensirovnental Monitoring, 1, 1999

Nitric Acid Mesurmnts in Connection with Corrosion Studios. Ferrn, M . De Santis. F. and Varotsos. C, Atmospheric Enatronment, 39. 2005

' Methods for Samoing and Analysis of Ambient Air . Guideto Siting Air Monitoring Equipment. Standards Australia, ASINZS 3580 1 1 2007
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TSP samples were analysed gravimetrically and all samples were analysed for the required soluble ion
content.

CSIRO hold NATA Chemical Testing Accreditation No. 245, with the scope of accreditation including
gravimetric analysis of filters from LVS PM 10 and PM 25 samplers (in accordance with AS/NZS 3580.9.9 and
AS/NZS 3580.9. 10 respectively) and for analysis of aerosol, rainwater and solutions from passive badge
sampling for NH 4 " and NO3'content. The lack of accreditation for gravimetric analysis of filters from LVS
TSP samplers is considered of little relevance.

NATA accreditation provides a means of determining, recognising and promoting the competence of facilities
to perform specific types of testing, measurement, inspection and calibration. To maintain this recognition,
laboratories are re-evaluated periodically by NATA to ensure their continued compliance with requirements,
and to check that their standard of operation is being maintained.

A review of CSIRO quality systems and laboratory records is beyond the scope of the current review, with
NATA accreditation for the required parameters considered to be sufficient endorsement of the laboratory's
capabilities.

	

7.6	 Equipment Calibration and Maintenance
It is noted that the nitrogen deposition sampling programme was conducted by Ecotech Pty. Ltd. on behalf of
CSIRO, with CSIRO conducting subsequent sample analyses.

No details are provided in the report concerning TSP LVS calibration and maintenance. Confirmation should
be obtained from Ecotech that all LVS equipment was calibrated in accordance with the methodology and
frequency noted in AS/NZS 3580.9.9 and that the results complied with the specified acceptance/rejection
criteria.

Recommendation 4: Obtain confirmation that all LVS equipment was calibrated in accordance with the
methodology and frequency noted in AS/NZS 3580.9.9 and that the results complied with the specified
acceptance/rejection criteria.

	

7.7	 Data Validation
The CSIRO report contains data sets for each site in Appendix B. It is noted that sample periods typically
ranged from approximately three to six weeks, extending to six weeks in one instance (Site 2 TSP LVS from
5 May 2012 to 9 July 2012), rather than the stated monthly period. This is not considered an issue as the
nitrogen deposition criteria are expressed on an annual basis, however, it is unclear whether the TSP and
gaseous data has been averaged on a time weighted basis to derive the correct average results for each
site. This should be confirmed. Rainwater soluble ion content data has been correctly averaged on a
volumetric basis.

Recommendation 5: Confirm if TSP and gaseous data has been averaged on a time weighted basis.

In a number of instances there were data gaps with "no sample" recorded. In a small subset this was noted
as being due to storm damage, however reasons should be provided for all missing samples. The method of
determining annual averages when data gaps were present should also be specified.

Recommendation 6: Provide an explanation where "no sample" has been recorded.

	

7.8	 Review of Results against Predictions
The results of the nitrogen deposition monitoring programme indicated annual averages ranging from 9.8
milliequivalents per square metre per year at the background site (Site 6) to 28.8 milliequivalents per square
metre per year at Site 3, corresponding to a range of 4.5 to 13 kg NO 2 per hectare per annum. As noted in
Section 6, 5KM TAPM modelling (2006) predicted 3 to 4 kg NO 2 per hectare per annum, assessing the
impact of oxides of nitrogen only. The modelling and measured values are therefore consistent.
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CSIRO suggest an alternative criterion for the protection of rock art, based on the work of Cinderby et a117,
which considers soil buffering capacity. The criterion of greater than 200 milliequivalents per square metre
per annum (essentially no critical load), corresponds to a value of greater than 92 kg NO 2 per hectare per
annum.

As noted previously the WHO critical load for the protection of vegetation, based on the limited information
available, is 49 to 66 kg NO 2 per hectare per annum, which therefore represents the most conservative
criterion, with measured values in the range 7% to 27% of the critical load.

It is also noted that the nitrogen deposition rate measured during the 2012/2014 monitoring programme are
consistent with those obtained prior to the Pluto LNG plant commissioning.

Nitrogen deposition consisted of:

• Dry deposition of NO 2 , NH 3 and H NO 3: 78% to 90%

• Wet deposition of NO 3 and NH4 : 9% to 22%

•	 Particulate NO3'and NH 4 : 3%.

The dominance of dry over wet nitrogen deposition on the Burrup Peninsula is consistent with observations
in other areas of the world, for example California, northern Africa, parts of South America and Asia.

In Africa the estimated total deposition (dry plus wet) is typically between 7 tolO kg N per hectare per year 
(23 to 33 kg NO 2 per hectare per year). For Oceania the total N deposition (wet. dry, oxidized nitrogen and
reduced nitrogen) is reported to be typically less than 5 kg N per hectare per year' (16 kg NO 2 per hectare
per year), consistent with the results of the CSIRO study. The proportion of oxidised nitrogen in the total is
reported to be dominant in North America, Europe, northern Asia and northern Africa, with reduced nitrogen
dominant in South America, Asia and Africa.

Global Assessment of ecosystem Sensitivity to Acidic Depos.too CnderOy S et al 19
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8.0 SUMMARY OF OUTCOMES
In accordance with Section 10 of the AQMP dated 7 September 2011, Woodside is required to review results
of ongoing source emission monitoring and ambient air quality monitoring programmes and compare the
results with previously completed sampling and monitoring results and risk and impact assessments
presented in approvals documentation. Specifically, Sections 10.1 and 10.2 of the AQMP required the
reviews to be undertaken by an independent peer reviewer.

The objective of the review was to ensure that documentation submitted to regulatory authorities contained
adequate and verifiable information to enable assessment of compliance with statutory and other
requirements/commitments relating to environmental management of the Pluto LNG project.

Based on the limited summary of field data presented in Appendix B of the CSIRO report it is not obvious
that data was captured for a period of 24 months or greater for all parameters at all sites. This is not
considered to have significantly impacted on the outcomes of the monitoring programme and the conclusions
drawn. The most impacted site in this regard was the background Site 6, with only 11 months of TSP data,
12 months of rainfall data and 14 months of gaseous species data. The data generated at Site 6 was,
however, consistent with the background data obtained during previous nitrogen deposition monitoring
programmes (2004/2005, 2007/2008 and 2008/2009). Further, it is noted that comparison against
background is not a key focus in the design of the monitoring programme, which was aimed at comparing
nitrogen deposition results pre- and post- commissioning of the Pluto LNG project.

This review has confirmed that the data provided in the CSIRO nitrogen deposition monitoring report
demonstrates compliance with the World Health Organisation critical load for the protection of lowland dry
heathland ecosystems, in the absence of Australian ecosystem classifications, together with a criterion for
the protection of soil buffering capacity. Similar to previous studies, criteria were not specifically identified
that related to the protection of aboriginal rock art.

The review also confirmed that there had been no significant change to the total nitrogen deposition rate
following commissioning of the Pluto LNG project and, in line with BRAMMC recommendations based on
previous studies, further monitoring is not considered justified.

In completing the independent review, a number of recommendations have been made in relation to data
collection and validation. These recommendations are listed below and are not considered to have a material
impact on the interpretation of data collected during the review period or affect the validity of the programme
findings. The recommendations have been forwarded to Woodside for consideration and include that:

•	 should future sampling programmes be conducted, consideration should be given to the inclusion of
organic nitrogen in the scope

•	 CSIRO provide an explanation for the data gaps and varying sample periods in the report and provide a
commentary on the impact of non-concurrent sample periods for the various components of the
calculated deposition

•	 future reports include a statement regarding compliance of monitoring locations against the relevant
requirements of AS/NZS 3580.1.1 and AS/NZS 3580.14

•	 CSIRO confirm that all LVS equipment was calibrated in accordance with the methodology and
frequency noted in ASINZS 3580.9.9 and that the results complied with the specified
acceptance/rejection criteria

• CSIRO confirm that TSP and gaseous data has been averaged on a time weighted basis

•	 CSIRO provide an explanation where "no sample" has been recorded.
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About Environmental Audit Reports for Evaluating Environmental Risk

The Environmental Audit report is prepared in a manner that can be read and understood by a person with
legitimate interest in the site, such as the site owner or occupier and EPAV, for determining whether risks to
the environment were being adequately managed and compliance with regulatory requirements was being
achieved. The Environmental Audit Report relates specifically to the Environmental Audit scope provided in
Section 3.3.

The Environmental Audit report is not intended for use by other parties or for other purposes. Anyone who
uses the Audit report for purposes other than specified in the report does so at their own risk. The
recommendations or measures stipulated in the Environmental Audit report are the responsibility of
Terminals Pty. Ltd. to implement.

The Environmental Auditor and Golder Associates Pty. Ltd. are only responsible for the issuing of the
Environmental Audit report. The Environmental Auditor and Golder Associates Pty. Ltd. accept no liability for
the costs incurred in the implementation of any recommendations or measures. The Environmental Audit
provides a snapshot of the site conditions at the time of the site investigation. Consequently, the
Environmental Audit report may not be valid at a later time if there has been any change to operations at the
site in that time. Verification of the status of the site may be required in cases where significant time has
elapsed, or site operations have changed since the assessment and audit.

Audit evidence collected during the Environmental Audit will inevitably be only a sample of the information
available, partly due to the audit being conducted during a limited period of time and with limited resources.
There is therefore an element of uncertainty inherent in all environmental audits and all users of the results
of environmental audits should be aware of this uncertainty.

Where changes to industrial process or associated pollution control equipment occur subsequent to the
issue of the Environmental Audit report, the Environmental Auditor should be permitted to make an
interpretation of these facts in relation to the Environmental Audit report. Consequently. Terminals Pty. Ltd.
should inform the Environmental Auditor and seek their opinion. The Environmental Auditor and Golder
Associates Pty. Ltd. accept no liability for costs incurred due to such unexpected occurrences, given the
inherent uncertainties in the assessment process.

The Environmental Audit report is not and does not purport to be anything other than an assessment of
whether risks to the environment were being adequately managed and compliance with regulatory
requirements was being achieved.

The Environmental Audit report is not intended to be a comprehensive analysis of the presence and
associated risk of asbestos in buildings and services. Where asbestos in buildings and services is noted, the
report may only caution that an appropriately qualified person be engaged to prepare a detailed asbestos
management plan.
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Burrup Peninsula	 A peninsula extending north-east of Dampier, Western Australia.

Confidence level	 Values, such as means, can be estimated by taking subsets of an entire population. A

95% confidence level means that 95% of the subsets include the true mean of the

population.

Critical load	 A quantitative estimate of an exposure to one or more pollutants below which

significant harmful effects on specific sensitive elements of the environment do not

occur according to present knowledge.

CSIRO	 Commonwealth Scientific and Industrial Research Organisation (http://www.csiro.au ).

Deposition flux	 Deposition of mass in the form of gas, aerosol or rainwater to an area of ground over a

specific period of time, in units of meq m 2 yr'.

HNO 3	Nitric acid.

hydroxyl radical 	 The neutral form of the hydroxide ion (H0); highly reactive and consequently short-
lived; produced by the reaction of excited atomic oxygen with water.

LNG	 Liquefied natural gas. It is composed mainly of methane.

LPG	 Liquefied petroleum gas. It is composed mainly of propane.

meq m 2 yr'	 Deposition flux units, milliequivalents per square meter per year. A milliequivalents is

one thousandth of a chemical equivalent. An equivalent of an ion is the mass in grams

of the ion divided by its molecular weight and multiplied by the charge on the ion.

MicroVol sampler 	 A low flow rate sampler used to collect TSP samples for measurement of gravimetric

mass and ion concentrations.

Milli-Q water	 High purity water having resistivity of 18 MQ•cm.

MOUDI	 Multi-Orifice Uniform Deposit Impactor, a sampling system designed to separate

aerosol into size fractions on 12 stages ranging from 0.056 pm to 20 pm.

NATA	 National Association of Testing Authorities, Australia.

NH 3	Ammonia.

rim	 Nanometre; one billionth of a metre (1 nm = 10 metre = 0.000000001 metre).

NO 2	Nitrogen dioxide.
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Pluto LNG	 The name of the project that transports LNG from the Carnarvon Basin to Karratha,

where it is processed by Woodside.

PM 10	Aerosol mass in the air. That selection of particles with an aerodynamic diameter of

10 pm (micrometres) or less.

ppb	 Parts per billion (by volume); a unit for the concentration of a gas in the atmosphere.

A concentration of 1 ppb is equivalent to a volume of 1 cubic metre of pure undiluted

gas in 1 thousand million cubic metres of air. The expression ppb is without dimensions.

The ppb unit is useful because its value is unaffected by changes in temperature and

pressure, and also because many sampling techniques are based on volume

concentrations. Concentrations of gaseous compounds can be converted from ppb units

(volumetric) to density units (e.g. .ig m 3, mass/volume) using the formula:

273.15 x	 x C
C (i.igin3 ) = 22.4136 x (273.15 + T)

where C is the concentration (ppb), M is the molecular weight of the gas, and T is the

ambient temperature in degrees Celsius.

Tg	 Teragram, a unit of mass equal to 1012 (one trillion) grams.

TSP	 Total suspended particulate; mass of aerosol below about 50 .im in diameter suspended

in the atmosphere.

pg	 Microgram; one millionth of a gram (1 Vg = 104 gram = 0.000001 gram)

Jim	 micrometre; one millionth of a metre (1 pm = 10 metre = 0.000001 metre).

pg m 3	microgram per cubic metre; 1 pg m 3 = one millionth of a gram per cubic metre of air.

Volume weighted	 The total number of moles of an ion in a number of rainwater samples divided by the

mean	 total volume of rain that falls.



Executive summary

CSIRO Oceans and Atmosphere Flagship was contracted by Woodside to carry out a study to determine the
nitrogen deposition flux at six locations in the Burrup Peninsula before and after the commissioning of the
Pluto Liquid Natural Gas (LNG) Plant.

The onshore facilities of the Pluto LNG Plant commenced operating in late 2011, with the first LNG cargo
shipped in May 2012. The study of nitrogen deposition fluxes was carried out between February 2012 and
June 2014 and involved monthly collection of gas, particulate and rainwater samples. The gas samples were
used to determine the concentration of nitrogen dioxide, ammonia and nitric acid. The particulate samples
were used to determine the concentration of total suspended particulate (TSP) mass, TSP nitrate and TSP
ammonium. The rainwater samples were used to determine the concentration of nitrate and ammonium.
In addition, particle samples were collected with a cascade impactor to determine the concentrations of
particulate nitrate and ammonium as a function of particle size during one of the sampling months.

The concentrations of nitrogen species in the gas and particle samples were used to calculate the nitrogen
dry deposition fluxes. Dry deposition from the gas phase was determined from the product of the nitrogen
species in the gas phase, the sampling period and the dry deposition velocity. Dry deposition from the
particle phase was determined from the application of the size-dependent deposition velocity to the nitrate
and ammonium concentrations measured in particles. The wet deposition fluxes were calculated from the
rainfall amount and the concentrations of ammonium and nitrate in the rainwater samples.

The total nitrogen deposition fluxes ranged from 9.8 meq m 2 yr' at the background site (site 6) to 28.8 meq
m 2 yr' at site 3. The dry deposition of nitrogen dioxide, ammonia and nitric acid gases accounted for 78 to
90% of the total deposition flux, wet deposition accounted for 9 to 22% and the dry deposition of particles
accounted for only 3% of the total nitrogen deposition flux.

The concept of critical loads is used in this study as an objective measure with which the measured nitrogen
deposition fluxes can be compared. Critical loads for a region are based on a ranking of soil buffering
capacity. As data on the acid buffering capacity of the rock on the Burrup Peninsula are not available we
use critical loads defined in a global assessment of ecosystem sensitivity to acidic deposition for comparison
with nitrogen deposition fluxes measured in this study. The Burrup Peninsula area lies in the least sensitive
class, with a critical load of greater than 200 meq m 2 yr 1 (or effectively no critical load). This means that
for acid deposition to have a negative impact on the surface (rock or soil) in the Burrup, the acid deposition
flux would need to exceed 200 meq m 2 yr 1 . The annual nitrogen deposition fluxes measured in this study
of about 10— 30 meq m 2 yr' are considerably lower than 200 meq m 2 yr 1 , suggesting that the deposition
of nitrogen is unlikely to cause any deleterious effects to rock or rock art on the Burrup Peninsula.

The 2012 - 2014 sampling program began after the commencement of LNG production by the Pluto LNG
plant, so the nitrogen deposition fluxes determined during this sampling program are representative of
nitrogen deposition fluxes post Pluto LNG Plant commissioning. We can assume that nitrogen deposition
flux measurements made during similar earlier studies are representative of nitrogen deposition fluxes
prior to the Pluto LNG Plant commissioning. A comparison of the nitrogen deposition fluxes determined
during the present study with those determined during earlier studies provides an indication of nitrogen
deposition fluxes before and after commissioning of the Pluto LNG Plant. There was no significant change in
the total nitrogen deposition flux since the Pluto LNG plant was commissioned. The total nitrogen
deposition flux, give in Figure 1, shows that there are no significant differences in the nitrogen deposition
fluxes over the first three sampling periods (2004/05, 2007/08 and 2008/09) and the current sampling
period (2012/14), suggesting that there has been no change in the deposition of nitrogen to the Burrup
Peninsula since the commissioning of the Pluto LNG Plant.
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2004105	 2007/08	 2008/09	 2012/14

Figure 1: Total nitrogen deposition observed on the Burrup Peninsub. J he box is defined by the lower and upper
quartiles, lines in the boxes are median fluxes and the whiskers are the minimum and maximum fluxes. No upper
stems are shown for 2004/05 and 2007/08 because they are within the box.
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1	 Introduction

The study reported in this document was undertaken to determine the deposition of nitrogen at six
locations on the Burrup Peninsula in Western Australia before and after the commissioning of the Pluto
LNG Development. The study resulted from an agreement between CSIRO Ocean and Atmosphere Flagship
(previously Marine and Atmospheric Research) and Woodside Burrup Pty Ltd, signed on 25 October 2011.
CSIRO sub-contracted Ecotech Pty Ltd to install and maintain equipment at the six locations and collect
monthly samples between February 2012 and June 2014.

1.1 Objective

The overall objective of this study was to determine nitrogen deposition fluxes at six locations on the
Burrup Peninsula, before and after the commissioning of the Pluto LNG development. The onshore facilities
of the Pluto LNG Plant commenced operating in late 2011, with the first LNG cargo shipped in May 2012
(Ransom 2013). This study began in February 2012 so there are insufficient data to allow a comparison of
the nitrogen deposition flux before and after the Pluto LNG Plant was commissioned. However, we
compare the total nitrogen deposition fluxes measured during the present study (post Pluto LNG Plant
commissioning) with those measured during three previous studies (2004/05, 2007/08 and 2008/09, prior
to Pluto LNG Plant commissioning) carried out under the Burrup Rock Art Monitoring Management
Committee (Gillett et al. 2010).

1.2 Background

The Burrup Peninsula is a thin finger of land to the northeast of Dampier, Western Australia in an area
bounded by latitude 20.42 °S and 20.65 °S and longitude 116.71 °E and 116.90 °E. The main peninsula area
is about 27 km long and 5 km wide, and includes a collection of over 40 small islands. Karratha, now a city,
had a population of 25,907 in 2013 and a population density of 0.02 people ha -'. The two adjacent towns of
Dampier and Roebourne had populations of 1,341 in 2011 and 857 in 2006 respectively.

The Burrup Peninsula has several large industrial complexes including iron ore, liquefied natural gas (LNG)
production and salt production. All are located around Dampier and the southern area of the Peninsula.
Iron ore is mined at several locations inland from Dampier and transported by rail to Dampier where it is
loaded into ships for export to Asia.

Pipelines transport hydrocarbons to the coast for processing. Infrastructure includes complex LNG
processing plants, liquefied petroleum gas (LPG) extraction facilities, a domestic gas plant, storage tanks
and ship loading facilities. The Burrup industries also include an ammonia plant, and export facility. Other
industries include port, logistics terminals, shipping and a rail industry.

The Burrup Peninsula is well known for its large collection of aboriginal rock etchings. The etchings, dated
to the Pleistocene era, (about 10,000 to 20,000 years before present) are of great cultural significance to
Australia (McDonald and Veth 2009; Mulvaney 2011). Over 1,000,000 individual etchings may be located on
the Burrup Peninsula. Figure 2 shows a typical example. For a fuller discussion of the origins of the etchings,
the methods used to produce them and a descriptive analysis, refer to papers by Vinnicombe (2002) and
McDonald and Veth (2009). The Burrup Rock Art Monitoring Management Committee (BRAMMC) was
established in 2002 in response to concerns about possible adverse impacts of industrial emissions on the
rock art. To investigate whether this was the case, the BRAMMC commissioned a number of environmental
studies that included measurements of air quality, microclimate, dust deposition, colour change, mineral
spectrometry, microbiological analyses, accelerated weathering studies and air dispersion modelling
studies (BRAMCC 2009).
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One of these studies measured acid deposition on the Burrup Peninsula to assess the likelihood that air
pollution from the industrial area may damage the rock art. Monitoring was carried out from August 2004
until September 2005 (2004/05), from February 2007 until September 2008 (2007/08) and August 2008
until July 2009 (2008/09). The deposition fluxes of nitrogen were around 20 meq m 2 yr 1 and so
significantly below the critical load threshold of 200 meq m 2 yr 1 assigned to the rock type in Burrup area
(Cinderby etal. 1998), suggesting that the nitrogen deposition to the Burrup area was unlikely to cause any
damage to rock or rock art (Gillett 2010).

The BRAMMC 2009 reviewed the information from all of the environmental studies it commissioned to
reach the overall conclusion that there was no evidence that industrial emissions from the Burrup region
would have a measureable impact on deterioration of the Aboriginal rock art in the Burrup, and
recommended the suspension of monitoring of ambient air quality. However, the BRAMMC recommended
that in the event of a major expansion or change in emission characteristics, ambient air quality monitoring
should recommence. The current study was initiated as a result of a ministerial statement, and not as a
result of any major expansion or change in emissions. In fact, the BRAMMC 2009 report noted that the
increases due to future emissions were modest.

Figure 2: Atypical example of Burrup Peninsula rock art

1.3 The nitrogen deposition cycle

Nitrogen in the atmosphere can be categorised into non-reactive species, such as nitrogen and nitrous
oxide gases, or reactive nitrogen. This study considered reactive nitrogen species such as nitrogen dioxide
gas, ammonia gas, nitric acid gas, nitrate and ammonium ions in rainwater, and nitrate and ammonium ions
in the particle phase.

Figure 3 presents an overview of various reactive nitrogen species and the way they cycle through the
atmosphere, hydrosphere and soil. Nitrogen in the atmosphere is oxidised at high temperature (>1000 °C)
in motor vehicles, power stations, and other industrial and natural processes to produce nitrogen dioxide.
Nitric acid is produced as a secondary product when nitrogen dioxide reacts with hydroxyl radicals. The
atmospheric lifetime of nitric acid is slow, about 100 days due to hydroxyl radical and about 15 to 80 days
due to photolysis (Jacobson 2005), depending on season and latitude, and nitrogen dioxide is a major
product. Nitric acid is also lost by wet and dry deposition of the gas and in the particle phase if it reacts with
ammonia gas or condenses on particles.

Ammonia gas is produced from fertiliser use, from animals and plants and their waste products, and from
biomass burning which emit 22, 7, 6, 6 and 2 Tg yr' respectively. On a global scale, the emissions of
ammonia gas are estimated to be about 45 to 58 Tg yr 1 as nitrogen (Dentener and Crutzen 1994; Warneck
and Williams 2012; Galloway etal. 2004).



The atmospheric reaction of ammonia with hydroxyl radicals is slow and indicates that ammonia gas has a
long atmospheric lifetime of about 73 days. This suggests that the chemical loss of atmospheric ammonia is
small compared with the loss by wet and dry deposition.

Ammonia can react in an acid base reaction to form ammonium nitrate, ammonium sulfate or ammonium
bisulfate in the particle phase. These particulate nitrogen species can be incorporated in rain, and
transported to the ground as wet deposition. They can also be dry deposited to the ground in the form of
ammonium salts.

THE NITROGEN CYCLE
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Figure 3: The cycle of nitrogen compounds through the atmosphere

1.4 Deposition fluxes of nitrogen

The deposition flux of nitrogen is the sum of wet and dry deposition fluxes, with the dry deposition flux in
turn being the sum of deposition in the gas and particle phases.

During wet sampling periods, nitrogen wet deposition fluxes are calculated in meq m 2 from the rainfall
amount (mm) and the concentrations of nitrate and ammonium in units of ieq F' in the rainwater samples
collected at each site.

Deposition in the gas phase is determined from the product of the nitrogen species in the gas phase, the
sampling period and the dry deposition velocity. Deposition velocities used here were 0.0090 m s', and
0.0021 m s' for nitric acid and nitrogen dioxide (Manins 1994). The dry deposition velocity of 0.0095 m s
for ammonia was taken from Puxbaum and Gregori (1998). Inferred deposition velocities from such studies
as Meyers et al. (1991) show annual average deposition velocities can vary by about 10%. Since the
deposition flux is the product of the deposition velocity and gas concentration this variability flows through
to the deposition flux so that it has at least a 10% uncertainty.

Deposition of nitrogen from the particle phase is determined from the application of the size-dependent
deposition velocity (Slinn etal. 1978) to the nitrate and ammonium concentrations measured in particles.
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Sampling did not begin at the same time at each site (see section 2.1). There were some missing data due
to equipment malfunctions, and the sampling period at the background site was less than the other sites.
However, this was not a critical factor to the objective to determine nitrogen deposition fluxes, before and
after the commissioning of the Pluto LNG development.

1.5 Critical load

The rock on the Burrup Peninsula is Archean (about 2.7 billion years old) and consists of intrusive igneous
rocks including granophyre, gabbro, dolerite and granite (Donaldson 2011; Mulvaney 2011). Whether or
not deposition of acids will have a negative impact on these surfaces depends on the balance between the
deposition of the acids (in this case nitrogen) and the acid buffering capacity of the surface. The concept of
critical loads is used in this study as an objective measure with which the measured nitrogen deposition
fluxes can be compared. Critical loads for a region are based on a ranking of soil buffering capacity
(Cinderby et 0/. 1998) and have been defined as 'a quantitative estimate of an exposure to one or more
pollutants below which significant harmful effects on specified elements of the environment do not occur
according to our current knowledge' (Nilsson and Grennfelt 1988). As data on the acid buffering capacity of
the rock on the Burrup Peninsula are not available (collection of such data would require measurements of
base saturation and the cation exchange capacity of the soil types in the region) we use critical loads
defined in a global assessment of ecosystem sensitivity to acidic deposition (Cinderby etal. 1998) for
comparison with nitrogen deposition fluxes measured in this study. Cinderby etal. (1998) have determined
a critical load or deposition flux of 200 meq m 2 yr 1 for the Western Australian region that includes the
Burrup Peninsula. This means that depositions of greater than 200 meq m 2 yr' could have a detrimental
effect on the rock and soil surfaces in this region.
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2 Methods

Monthly samples of wet-only rainwater, total suspended particulates (TSP) and nitrogen dioxide, ammonia
and nitric acid gases were collected at six locations on the Burrup Peninsula. In addition, weekly size-
resolved particulate samples were collected at one location, the MOUDI sampling site, for three periods
during the 2013 dry period. Sample collection occurred for 24 monthly periods between 1 December 2011
and 15 June 2014.

A summary of the process used to measure deposition fluxes of nitrogen at the sites on the Burrup
Peninsula is presented in Figure 4. Details of the methodologies used to collect and analyse samples are
presented below.
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Figure 4: The process used to estimate deposition fluxes of nitrogen. N is nitrogen, NH 3 is ammonium, NO, is

nitrogen dioxide, HNO, is nitric acid, NH 4 * is ammonium and NO, is nitrate.

2.1 Site locations

The locations of the six sites used in this study, and the MOUDI site, are listed in Table 1 and shown in
Figure 5. The sites were selected by Woodside and are within 1000 m of the sites used in the 2004/05,
2007/08 and 2008/09 studies (Gillett 2010). Due to difficulties in locating and gaining land access to the
sites, sampling did not commence at the same time at each site. Sampling commenced in February 2012 at
sites 1 to 3, in June 2012 at sites 4 and 5 and July 2013 at site 6. Sampling was completed at each site in
June 2014.
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Site 1 emulates the original Karratha site; however, for logistical reasons, is located about 1 km from the
western edge of Karratha, in the grounds of the Gap Ridge Karratha camp. Site 2, located 450 m from the
original site 6, is immediately south of Village Road, about 840 m north-east of Burrup Fertilisers ammonia
plant. Site 3 is located on the north side of Dampier Harbour, north-north-east of Rio Tinto's Dampier iron
ore export facility, and close to King Bay Industrial Estate. Site 4 is about 200 m east of the Pluto Woodside
LNG plant, and about 580 m from the original site 4. Site S is located 1500 m east of the Port of Dampier,
220 m from the original site 5. Site 6 is the background site and is located about 33 km south-west of
Karratha, away from the industrial complex on the Burrup Peninsula.

1	 Gap Ridge	 207564	 116.7870	 477827.407	 12295202.749

2	 Fertiliser Plant	 20.6192	 116.7889	 478025.191	 12295202.490

3	 BMF	 20.6306	 116.7513	 474089.784	 12281285.823

4	 KGP	 20.6033	 116.7769	 476752.727	 12278260.706

5	 Dom	 20.6204	 116.7672	 475744.679	 12280154.551

6	 Background	 20.8942	 116.5189	 449964.423	 12310568.793

7	 MOUDI	 20.6096	 116.7593	 476659.905	 12278958.045

6



I

Figure 5: Location of the sampling sites on the Burrup Peninsula

2.2 Sample collection

Ecotech Pty Ltd was sub-contracted to supply the rainwater and particle samplers, install the six sampling
sites and to carry out monthly sample collection.

2.2.1 RAINWATER

Wet-only rainwater samples were collected using automatic rainwater samplers from N-Corn systems. The
mass of rainwater sampled was measured by weighing the sampling bucket before and after the monthly
sample collection. Thymol was added to the rainwater sampler before sample collection to ensure ions
were not lost by bacterial action (Gillett and Ayers, 1991). An aliquot of the rainwater sample was decanted
into a 100 cm 3 bottle containing 40 mg of thymol. The bottle was labelled and sent to CSIRO with a record
sheet that included the on/off times, dates and the sample volume.

2.2.2 GAS

Nitrogen dioxide, ammonia and nitric acid gases were collected using passive samplers in duplicate (Ferm
1991). The passive samplers were held in a metal holder under an aluminium lid to protect them from rain.
Details of the analysis and calculations are presented in Gillett, (2010).

Passive samplers were sent to Ecotech on a monthly basis and stored in a refrigerator until they were
deployed at the sites. They were handled using nitrile gloves, to avoid contamination. At the site, samplers
were removed from their container and placed in the metal holder, under a rain shield. At the end of the
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sampling period they were removed from the rain shield, sealed in their containers and sent to CSIRO with
a record sheet that included the on/off times and dates.

2.2.3 PARTICLES

TSP samples were collected on stretched Teflon filters using a MicroVol 1100 sampler. The unexposed
Teflon filters were sent to Ecotech loaded into filter holders, ready to connect to the MicroVol samplers.
They were stored in a refrigerator until they were deployed at the sites. After deployment the filter holders
were wrapped in baked aluminium foil and sent to CSIRO with a record sheet that included the on/off
times, dates and sample volumes.

The monitoring scope included observations of particle size distributions from 0.056 pm to 10 pm on three
occasions on the Burrup Peninsula. To be effective, the particle size distributions were measured in dry
conditions. For this reason, and for logistical considerations, three samples were collected over consecutive
weekly periods during August/September 2013 at the MOUDI sampling site.

The Multi-Orifice Uniform Deposit Impactor (MOUDI) was employed to collect ambient particle samples on
12 nuclepore filters over the size range of 0.056 to 18 pm aerodynamic diameter. The MOUDI operated by
inertial impaction of particles onto the nuclepore filter. During sampling, air approached the impaction
plate and particles with larger diameters than the cut-size of the stage cross the air-flow streamlines, and
impact on the nuclepore filter. Particles with diameters smaller than the cut-size of the stage did not cross
the streamlines and proceeded to the next impaction stage. At each stage, the nozzle diameter became
progressively smaller, resulting in an increase in air velocity, so that smaller diameter particles were
collected. This is repeated for each stage until the smallest particles are collected by a final filter. For more
detail of the operation of the MOUDI see Hering and Marple (1986) and Marple etal. (1991).

During August 2013 the MOUDI was used to collect three particle samples over weekly periods. The
sampling location is shown in Table 1 and Figure 5, and the sampling details in Table 2.

Table 7: r1OuDI srnpng percd

	

14/08/13 08:15	 21/08/13 07:20	 9725	 292.836	 30.1

	

21/08/13 07:25	 28/08/13 07:05	 10060	 305.282	 30.3

	

28/08/13 07:30	 04/09/13 07:05	 10055	 299.002	 29.7

2.3 Analysis

The chemical laboratory at CSIRO Oceans and Atmosphere Flagship is accredited by NATA (National
Association of Testing Authorities, Australia) to carry out measurements of gravimetric mass, soluble ion
concentrations in rainwater, soluble ion concentrations in particles after aqueous extraction of filters,
nitrite ion derived from the nitrogen dioxide passive sampler, ammonium ion derived from the ammonia
passive sampler and nitrate ion derived from the nitric acid passive sampler. The current accreditation is
presented in Appendix 1.

2.3.1 RAINWATER

The concentrations of ammonium and nitrate in the rainwater samples were measured using ion
chromatography with a Dionex ICS-3000 reagent free ion chromatograph with conductivity detection.
Anions are separated using a Dionex AS17c analytical column (2 x 250 mm), an ASRS-300 suppressor and a
gradient eluent of 0.75 mM to 35 mM potassium hydroxide. Cations are separated using a Dionex C512a



column (2 x 250 mm), a CSRS-300 suppressor and an isocratic eluent of 20 mM methanesulfonic acid. A
range of standards were prepared and analysed along with the samples and used to calculate the aqueous
concentrations of the ions. Various quality assurance checks, such as ion balance checks, were carried out
to ensure the data conforms to quality assurance.

2.3.2 GAS

Nitrogen dioxide was collected by passive samplers with a filter impregnated with sodium hydroxide and
sodium iodide. Nitrogen dioxide reacted with the sodium hydroxide and sodium iodide to form nitrite ions.
The nitrite ions were extracted into a Mill-Q water solution and a diazonium derivative was formed after
reaction with N-1-naphthyl ethylenediamine dihydrochloride. The concentration of the resulting solution
was measured by UV/VIS spectrometer at 540 nm.

Ammonia gas was collected by passive samplers with a filter impregnated with citric acid. Ammonia gas
reacted with citric acid to form ammonium, and after sampling the filter was extracted in Milli-Q water. The
aqueous concentration of the ammonium ion formed on the filter was measured by ion chromatography,
as described for cations in 2.3.1.

Nitric acid gas was collected on passive samplers with a filter impregnated with sodium hydroxide. Nitric
acid reacted with sodium hydroxide to form nitrate. After sampling, filters were extracted into Milli-Q
water and the nitrate ion concentration was measured by ion chromatography, as described for anions in
section 2.3.1.

The ambient concentrations of the three gases were calculated as shown in the general equation below.

C 1 x EV x Res x R x Temp x 106
7) =

D x Time

Where:

Ca (,, = aqueous analyte concentration (mol )
EV = extraction volume (I)
Res = resistance (m1)
R = gas constant I atm (K' mol ')
Temp average sampling temperature (K)
D = diffusion coefficient of the gas in air (m2 s)

= 1.32 x 10-1m2 s for HNO 3 at 20 °C. (Ferm 1991)
= 1.54 x io m 2 s 1for NO 2 at 21 °C. (Ferm 1991)
= 2.54 x 10 m 2 s 1 for NH 3 at 25 C (Ferm 1991)

Time = sample period in seconds
10 6 = conversion to ppb

2.3.3 PARTICLES

TSP mass was determined gravimetrically by weighing the stretched Teflon filters on a Mettler
microbalance before and after the sample period. After weighing, the hydrophobic filters are wetted with
150 Ml of methanol and then extracted in S ml of 18.2 mO de-ionized water in clean plastic bags. The
sample is then preserved using 1% chloroform and analysed by ion chromatography for cation and anion
concentrations including ammonium and nitrate, as described in section 2.3.1.

The nuclepore filters used in the MOUDI were weighed on a Mettler niicrobalance before and after the
sample period, resulting in particle mass as a function of particle size. After weighing, the filters are
extracted in 5 ml of 18.2 mU de-ionized water in clean plastic bags. The sample is then preserved using 1%
chloroform and analysed by ion chromatography for cation and anion concentrations, including ammonium
and nitrate, as described in section 2.3.1. After the masses and chemical composition were measured on
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each of the stages, the atmospheric concentrations were calculated and the data were inverted using a
non-linear iterative inversion technique to produce a smooth particle size distribution (Twomey and
Zabalski 1981; Winkelmayr etal. 1990).

The observations of particulate size distributions of nitrate and ammonium were used to determine the
contribution to the particulate nitrogen deposition to the overall nitrogen deposition flux on the Burrup
Peninsula by applying the appropriate deposition velocities for the particular size range to the average
nitrate and ammonium TSP concentrations of the three samples collected at the MOUDI site. The
deposition velocities ranged from 1 x 10-1 to 4 x 102 m S-1 for particle sizes of 0.01 pm and 35 pm diameter
respectively (Slinn etal. 1978). The deposition flux in each size range was summed and expressed as an
annual total.
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3	 Results

3.1 Total suspended particulate mass concentrations

TSP mass concentrations were measured at sites 1 to 6. The annual average mass concentrations observed
at sites 1 to 6 are presented in Table 3 and the monthly averages in Appendix B The annual average mass
concentrations at the six sites range from 24.2 tg m 3 at the background site to 53.8 Vg m 3 at site 3.

lable t: /'.vrrae	 TUaI fll2SS (or On ! ralrnn ni 1t, nitrate and "n-. 	 I I !_;!1,

1	 Gap Ridge	 33.8 ± Sb	 556 102	 31 b

2	 Fertiliser Plant 	 41.1 ± 7.2
	

654 ± 142
	

38 ± 11

3	 BMF	 53.8 ± 9.6
	

615 ± 122
	

38 ± 7

4	 KGP
	

28.9 ± 7.1
	

524 ± 113
	

44 ± 16

5	 DOM	 28.0 ± 4.3
	

538 ± 115
	

34 ± 7

6	 Background
	

24.2 ± 6.1
	

780 ± 292
	

49 ± 17

Note: the uncertainties are 95% confidence levels.

The TSP observations presented here are consistent with the results found in previous studies on the
Burrup Peninsula (Gillett 2010; Gillett etal. 2012) as shown in Figure 6, which compares the annual average
TSP concentrations for the four periods where observations have been carried out on the Burrup Peninsula.
Although a slight increase in TSP mass concentrations was observed during this study, the difference in the
means is not significant at the 95% confidence level. The annual average TSP mass concentration measured
at the background sites in this, and previous, studies was 19.9 ig m 3, significantly less at 95% confidence,
than the non-background sites in all four sampling periods.

The observations of TSP in this study can be compared with TSP and PM 10 at sites that have climates similar
to the Burrup Peninsula. Comparisons with PM 10 are included here because TSP is not routinely measured
in other studies, and because PM 10 is less than TSP. For example, at three sites in southern Arizona, where
the climate is arid with an annual rainfall of about 250 mm, average PM 10 mass concentrations of 30.6, 66.6
and 45.5 ig m 3 (Clements et al. 2014). Note that TSP by definition includes all particle size ranges, so PM10
is a subset of TSP. The study found that crustal material (soil dust) contributed about 50% of the mass.
Cartagena, Spain, has an arid climate with an annual rainfall of 400 mm and an average PM 10 mass
concentration of 47 Vg m 3 (Negral et al. 2008); about 23% of this was soil dust. TSP measurements in arid
regions are sparse and often made in very dusty environments. In one such study, very high TSP annual
average mass concentrations of 280 to 700 ig m 3 were measured in Urumqi, China, a semi-arid area with
an annual rainfall of about 300 mm (Zhang etal. 2014). The concentrations of TSP measured in this current
study in the Burrup Peninsula are lower than the concentrations of PM 10 measured in Arizona and
Cartagena, and considerably lower than the concentrations of TSP measured in Urumqi.

Woodside Nitrogen Deposition Study	 11
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Figure 6: TSP mass concentrations observed on the Burrup Peninsula from 2004/05 to 2012/14. The box is defined
as the lower and upper quartiles, the line is the median and the whiskers are the minimum and maximum
concentrations.

3.2 Total suspended particulate nitrate and ammonium concentrations

Table 3 presents the annual average concentrations of nitrate and ammonium in TSP samples collected at
sites 1 to 6; the monthly results are presented in Appendix B The annual average nitrate concentrations
range from 524 ng m 3 at site 4 to 780 ng m 3 at the background site (site 6). The annual average
ammonium concentrations range from 31 to 49 ng m 3 at sites 1 and 6 respectively. Although the
concentrations of nitrate and ammonium tend to be higher at the background site, the differences are not
significant at the 95% confidence level.

3.3 Nitrogen dioxide concentrations

Table 4 presents the annual average concentrations of nitrogen dioxide gas at sites 1 to 6, and the monthly
observations are presented in Appendix C (C]. to C6), and the time series in Appendix D.

The lowest annual average nitrogen dioxide concentration of 0.5 ± 0.1 ppb was observed at the background
site (site 6) and was significantly lower than concentrations measured at the other sites. The nitrogen
dioxide annual average concentration of 3.6 ± 0.3 ppb at site 3 was significantly higher than at any other
site.

12



I	 Gap Ridge	 2.0+-0.2	 1.1--0.2	 0.3 0.1

2	 Fertiliser Plant 	 1.5 ± 0.2	 1.0 ± 0.3	 0.2 ± 0.03

3	 BMF	 3.6 ± 0.3	 1.2 ± 0.3	 0.4 ± 0.1

4	 KGP	 1.9 ± 0.2	 0.5 ± 0.2	 0.3 ± 0.04

5	 DOM	 2.2 ± 0.2	 0.5 ± 0.2	 0.3 ± 0.05

6	 Background	 0.5 ± 0.1	 0.3 ± 0.2	 0.1 ± 0.04

Note: the uncertainties are 95% confidence levels.

The average nitrogen dioxide concentrations measured during the present study (post the commissioning
of the Pluto LNG Plant) can be compared with results found in previous studies on the Burrup Peninsula
carried out before the commissioning of the Pluto LNG Plant (Gillett 2010; Gillett etal. 2012).

Figure 7 shows, there has been no significant change in nitrogen dioxide concentration during 2012/14
compared with the three previous periods (2003/04, 2006/07, 2008/09), suggesting that at the 95%
significance level there has been no significant change in nitrogen dioxide concentrations since the
commissioning of the Pluto LNG Plant in 2012.

6
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Figure 7: Nitrogen dioxide concentrations observed on the Burrup Peninsula from 2004/05 until 2012/14. 1 h box is
defined as the lower and upper quartiles, the line is the median and the whiskers are the minimum and maximum
concentrations.

3.4 Ammonia concentrations

Table 4 presents the annual average concentrations of ammonium gas at sites 1 to 6. The monthly
observations are given in Appendix C (Cl to C6), and the time series in Appendix D. The lowest annual
average ammonia concentration of 0.3 ± 0.2 ppb was observed at the background site (site 6) and the
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highest was 1.2 ± 0.3 ppb at site 3. Annual average concentrations of ammonia at sites 1, 2 and 3 are
significantly higher, at 95% confidence level, than at sites 4, 5 and 6. There are no significant differences, at
the 95% confidence level, between ammonia concentrations at sites 4, 5 and 6.

Figure 8 shows the annual average concentrations of ammonia observed on the Burrup Peninsula during
this study (2012/14) and the three previous periods (2004/05, 2007/08, 2008/09).

The average ammonia concentrations measured during the present study can be compared with results
found in previous studies on the Burrup Peninsula carried out before the commissioning of the Pluto LNG
Plant (Gillett 2010; Gillett etal. 2012). Figure 8 shows that during 2004/05 the concentrations of ammonia
averaged 0.4 ± 0.1 ppb, and this was almost identical to the background concentration observed on the
Burrup Peninsula. Since 2004/05, there has been a slight increase in ammonia concentration to 0.7 ± 0.1,
0.8 ± 0.3 and 0.9 ± 0.1 ppb for the periods of 2007/08, 2008/09 and 2012/14 respectively, although none of
these annual average concentrations are significantly different from each other at the 95% confidence level
(Gillett 2010). This suggests there has been no significant change in ammonia concentrations since the
commissioning of the Pluto LNG Plant in 2012.

Figure 8: Ammonia concent tions cPservd on the Burrop Peninsula from 2004/05 until 2012/14. The box is

defined as the lower and upper quartiles, the line is the median and the whiskers are the minimum and maximum
concentrations. The minimum concentrations for 2007/08 and 2008/09 are within the lower quartile.

3.5 Nitric acid concentrations

Table 4 also presents the annual average concentrations of nitric acid gas at sites 1 to 6. The monthly
observations are given in Appendix C (Cl to C6), and the time series in Appendix D. The annual average
nitric acid concentration was 0.6 ppb at site 6, significantly lower, at the 95% confidence level, than the
other five sites. The annual average concentrations at sites 1, 2, 4 and 5 ranged from 0.2 to 0.5 ppb and
were significantly lower, at the 95% confidence level, than site 3 which averaged 0.4 ppb.

The average nitric acid concentrations measured during the present study can be compared with results
found in previous studies on the Burrup Peninsula carried out before the commissioning of the Pluto LNG
Plant (Gillett 2010; Gillett et al. 2012).

Figure 9 presents the average nitric acid concentrations observed during this study (2012/14) and for the
three previous periods (2004/05, 2007/08, 2008/09). The concentrations during these four periods, shown
in Figure 9, were not significantly different from each other at the 95% confidence level, suggesting there
has been no significant change in ammonia concentrations from the three previous periods and the
commissioning of the Pluto LNG Plant in 2012.

14
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Figure 9: Nitric acid concentrations obse!ved on the Burrup PeninsuLi horn 2004/05 until 2012/14. 1 he box is

defined as the lower and upper quartiles, the line is the median and the whiskers are the minimum and maximum

concentrations.

3.6 Nitrate and ammonium concentrations in rainwater

Table 5 presents the rainwater volume and the volume weighted mean concentrations of nitrate and
ammonium at the six sites. The monthly data is presented in Appendix C7. The highest concentrations of
both nitrate and ammonium occur at site 2. The lowest nitrate concentrations were observed site 5, while
the lowest ammonium concentrations were observed at site 3. The volume weighted mean concentrations
of nitrate at sites 1, 3, 4 and 5 were not very different from that observed at the background site (site 6).
The volume weighted mean ammonium concentrations at sites 1, 3 and 5 were similar to those observed at
site 6.

VcHr	 mc'p con CC' ntr;tcns of ; iOflfliLfl	 rd ntr1t	 r,w.ter

1	 Gap Ridge	 53	 4.0

2	 Fertiliser Plant	 12.5	 6.5

3	 BMF	 5.4	 1.9

4	 KGP	 4.0	 4.6

5	 DOM	 3.2	 3.1

6	 Background	 4.5	 3.8

3.7 Particle size distributions

Figure 10, Figure 11 and Figure 12 show the concentrations of particle mass, nitrate and ammonium as a
function of particle size measured in the three samples collected with the MOUDI. The three mass
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distributions in Figure 10 show that most of the mass is in the range of 1 to 12 pm, with the mode centred
at about 7 pm, and there are two small peaks in the mass distribution at about 0.08 and 0.4 pm. The
distribution of nitrate (Figure 11) shows a mode at 5 rim, similar to the mass mode. The presence of nitrate
in the large particles arises because of the reaction of nitric acid with the weakly alkaline materials (such as
soil dust and sea salt) that make up these large particles. The distribution of ammonium, however, is
centred between 0.2-0.4 pm (Figure 12). This is because ammonium neutralises the sulfate in the small
particles.
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Figure 11: Particle nitrate size distributions
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Figure 12: Particle ammonium size distributions
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4	 Discussion

Nitrogen deposition is the sum of both wet and dry deposition of nitrogen. This includes wet deposition of
ammonium and nitrate ion in rainwater, dry deposition in the form of nitrogen dioxide, ammonia and nitric
acid gases, and nitrate and ammonium deposition in the particle phase. In this section we present the total
deposition flux of nitrogen at each site. We also compare the total deposition fluxes to those measured at
other locations, and discuss the nitrogen deposition fluxes measured in this study in the context of critical
loads (i.e. the ability of the surface rocks and soils to buffer the impact of acidity associated with the
nitrogen deposition and thus avoid degradation). Finally, we compare the total deposition fluxes from this
study to those measured previously on the Burrup Peninsula in order to determine if there was a change in
nitrogen deposition after the commissioning of the Pluto LNG Plant.

4.1 Nitrogen deposition fluxes

The wet deposition fluxes at each site are shown in Table 6. The largest annual wet deposition fluxes for
nitrate and ammonium were observed at site 2 and the lowest nitrogen deposition flux was observed at
site 5, which was significantly less than at the background site at the 95% confidence level.

The largest dry deposition of nitrogen dioxide, ammonium and nitric acid gas was observed at site 3 and the
lowest flux was observed at the background site (site 6). The nitrogen deposition fluxes due to ammonia
gas were generally higher than those from nitrogen dioxide gas, and the nitrogen deposition flux from nitric
acid was lower than either nitrogen dioxide or ammonia.

The dry deposition fluxes of nitrate and ammonium in the particulate phase are also shown in Table 6. The
nitrate and ammonium deposition flux due to particles is similar across the sites and are very low relative to
the nitrogen deposition fluxes from gas and rainwater. This suggests that dry deposition of particulate
nitrate and ammonium has a minor influence on the total nitrogen deposition fluxes on the Burrup
Peninsula.

Table 6: Annual averaged wet, dry (gas a:d particle phase) and total nitrogen deposition fluxes at sites 1 to 6 from
2Of2c2C.. NH	 is nitric acid NHi crnm::... . r4 .:flinitrtp

1	 1.6	 1.24.4	 13.3	 3.4

2	 2.6	 2.1	 4.0	 11.5	 2.5

3	 1.0	 0.7	 7.7	 14.3	 4.0

4	 1.4	 2.3	 4.4	 6.0	 3.1

5	 0.7	 0.7	 5.8	 6.0	 3.1

6	 1.5	 1.1	 1.3	 3.9	 1.7

Note: the uncertainties are 95% confidence levels.

	

0.7	 <0.1
	

24.1 ± 2.6
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0.9	 <0.1
	

23.7 ± 4.3
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0.8	 <0.1
	

28.6 ± 4.4
	

94

	

0.7	 <0.1
	

18.0 ± 3.5
	

79

	

0.7	 <0.1
	

17.1 ± 3.2
	

92

	

0.7	 <0.1
	

10.3 ± 2.7
	

75

The annually averaged total nitrogen deposition fluxes at each site are also listed in Table 6, along with the
fraction of the flux attributed to dry deposition. The highest deposition flux of 28.6 meq m 2 yr 1 was
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observed at site 3, which also showed the highest percentage of dry deposition. The observed nitrogen
deposition at sites 1, 2 and 3 are not significantly different from each other at the 95% confidence level;
however, they are significantly greater, at the 95% confidence level, than measured at sites 4 and 5. The
lowest nitrogen deposition flux of 10.3 meq m yr in this study was observed at the background site (site
6), which was significantly lower, at the 95% confidence level, than any of the other five sites.

Table 6 shows that dry deposition fluxes of nitrogen are much larger than wet deposition, ranging from 75
to 94%. The average is dry deposition is 85% of the total and is significantly higher than wet deposition at
95% confidence level. This is probably due to the low rainfall amounts on the Burrup Peninsula compared
with the constant deposition of gas to the land surface during monthly periods. The monthly percentage
contribution of each component to the total nitrogen deposition flux at sites 3 and 6 are shown in Appendix
D.

4.2 Comparison with nitrogen deposition fluxes measured at other
locations

The annual nitrogen deposition fluxes measured at the Burrup sites can be compared to previous studies
carried out in polluted and unpolluted sites in Malaysia and Indonesia, and a remote site in Australia. The
wet plus dry deposition flux of nitrogen was about 7 meq m 2 yr t at the relatively unpolluted Indonesian
GAW station site at Bukit Koto Tabang (Ayers etal. 2000; Gillett et al. 2000) and 33 meq rn 2 yr 1 at a
relatively undisturbed site in the Cameron Highlands, north of Kuala Lumpur (Ayers etal. 2000). In
Australia, rainwater composition and gas concentrations were measured at Charles Point, about 13 km
west of Darwin, where the annual deposition flux of nitrogen was about 13 meq m 2 yr (Ayers et. al.
2000).

Meyer et al. (2000) presented nitrogen deposition fluxes for several air-sheds in Australia. The measured
nitrogen deposition fluxes were 2.1 meq myr', 14.3 meq m 2 yr', 35.7 meq m 2 yr 1 and 78.6 meq m2yr1
for oceanic, remote/rural, coal-fired power stations and urban air-sheds, respectively. The nitrogen
deposition flux on the Burrup Peninsula is similar to the remote/rural areas cited in this study and is much
less than in coal-fired power station and urban air-sheds.

The nitrogen deposition fluxes estimated for all of the Burrup sites are very low when compared to polluted
areas in Malaysia and Indonesia. In the heavily polluted urban site at Petaling Jaya, near Kuala Lumpur, the
total deposition flux of nitrogen ranged from 134 meq m 2 yr 1 to 268 meq m 2 yr 1 over five consecutive
years from 1990 to 1998 (Ayers et al. 2000). Gillett etal. (2000) estimated a total nitrogen deposition flux
of 129 meq m 2 yr' at Jakarta and Bogor during 1992 and 1996. In contrast to this, a site in the Rocky
Mountains National Park, Colorado recorded a total nitrogen deposition flux of 26.6 meq m 2 y(', very
similar to the Burrup Sites. This area has a rainfall amount of 533 mm, and the study showed that wet
deposition of nitrate and ammonium contributed 35% and 19% respectively to the total nitrogen
deposition flux.

In a recent publication Vet et al. (2014) modelled the wet and dry deposition of fluxes of nitrogen around
the world. They found that total wet and dry deposition fluxes of nitrogen in the Burrup Peninsula area
ranged from 5.7 to 7.1 meq m 2 yr'. This is quite comparable with the background flux of 9.8 meq m yr
observed during this study.

4.3 Comparison with critical loads

The global assessment of ecosystem sensitivity to acidic deposition by Cinderby etal. (1998) identified five
sensitivity classes of ecosystems to acid deposition 25, 50, 100, 200 and >200 meq m 2 yr', and are shown
in Figure 13. The Burrup Peninsula area is in the least sensitive class, with a critical load of greater than 200
meq m 2 yr' (or effectively, no critical load). This means that for acid deposition to have a negative impact
on the surface (rock or soil) in the Burrup, the acid deposition flux would need to exceed 200 meq m 2 yr1.
The annual nitrogen deposition fluxes measured in the Burrup Peninsula in this study and reported here
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ranged between 17.1 to 28.6 meq m 2 yr 1 , with an average of 22.4 meq m 2 yr' from January 2012 to June
2014. The background site was significantly lower, at 10.3 meq m 2 yr'. These values are considerably
lower than 200 meq m 2 y( 1 , suggesting that the deposition of nitrogen is unlikely to cause any deleterious
effects to rock or rock art on the Burrup Peninsula.

Figure 13: Map showing critical loads and sensitivity classes of ecosystems to acid deposition (from Cinderby etal.
1988).

4.4 Comparison of nitrogen deposition flux before and after
commissioning of the Pluto LNG Plant

The total nitrogen deposition fluxes measured during the present study (post the commissioning of the
Pluto LNG Plant) are compared with results from previous studies on the Burrup Peninsula which were
carried out before the commissioning of the Pluto LNG Plant (Gillett 2010; Gillett etal. 2012) to determine
if nitrogen deposition fluxes changed from before and after the commissioning of the Pluto LNG Plant.
Figure 14 presents the average total nitrogen flux observed during this study (2012/14), and for the three
previous periods (2004/05, 2007/08, 2008/09). Figure 14 also shows the average nitrogen deposition fluxes
at the background sites observed during 2012/14 and the three previous years (2004/05, 2007/08,
2008/09. The average background nitrogen deposition flux over the four periods was 15.9 meq m 2 yr1.
The details are presented in Appendix C8.
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The nitrogen deposition fluxes at individual background sites on the Burrup Peninsula range from 10.3 meq
m 2 yr 1 during the current study to 24.4 meq m 2 yr' at site 1 in 2008/09, with an average of 15.5 meq m2
yr t . Total nitrogen deposition fluxes at the background site (site 6) employed during this study are lower
than the background sites 1 and 3 used previously, suggesting that sites 1 and 3 may have been influenced
slightly by industrial emissions. The average nitrogen deposition flux observed at the non-background sites
during the first three study periods was 22.7 meq m 2 yr 1 , ranging from 16.9 to 32.9 meq m 2 yr 1 . This is
similar to the current study where the average nitrogen deposition flux was 22.4 meq m 2 yr 1 at sites 1 to 5
with a range of 17.1 to 28.6 meq m 2 yr t , suggesting there has been no significant change in total nitrogen
deposition to the Burrup Peninsula since the commissioning of the Pluto LNG Plant in 2012.
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5 Summary and conclusions

Measurements of the deposition of nitrogen at six locations on the Burrup Peninsula in Western Australia
have been carried out in order to determine whether the flux of nitrogen in the region has changed since
the commissioning of the Pluto LNG Plant in 2012. Measurements were taken between February 2012 and
June 2014, and included the monthly collection of gas, particulate and rainwater samples. Gas samples
were used to determine the concentration of nitrogen dioxide, ammonia and nitric acid. The concentration
of TSP mass, TSP nitrate and TSP ammonium was determined from the particulate samples. The
concentration of nitrate and ammonium was determined from the rainwater samples. In addition, particle
samples were collected with a cascade impactor to determine the concentrations of particulate nitrate and
ammonium as a function of particle size during one of the sampling months.

The average TSP mass concentrations ranged from 24.2 ± 6.1 ig m 3 at the background site (site 6) to 53.8
± 9.6 ig m 3 at site 3. TSP mass concentrations at sites 2 and 3 are significantly higher, at the 95%
confidence level, than those at sites 1, 4, 5 and 6, and there are no significant differences between site 4, 5
and 6 at the 95% confidence level. The TSP mass concentrations observed here showed no significant
differences at the 95% confidence level, from three previous studies (2004/05, 2007/08 and 2008/09)
conducted on the Burrup Peninsula. The TSP mass concentrations measured during this study, and the
three previous periods, were significantly higher, at the 95% confidence level, than 19.9 ig m 3 , the average
background determined from measurements during this and the three previous studies.

The concentrations of nitrogen dioxide, ammonia and nitric acid gases vary from site to site. The lowest
average nitrogen dioxide concentration of 0.5 ± 0.1 ppb was observed at site 6. This is significantly lower, at
the 95% confidence level, than the highest average concentration of 3.6 ± 0.3 ppb observed at site 3. The
nitrogen dioxide concentrations observed during this study were not significantly different, at the 95%
confidence level, to those observed during the three previous studies (Gillett etal. 2010). The background
nitrogen dioxide concentration measured over the four study periods was 0.6 ppb, much less than in the
industrial area of the Burrup Peninsula.

The average ammonia gas concentration ranged from 0.3 ± 0.2 ppb at site 6 to 1.2 ± 0.3 ppb at site 3. There
are no significant differences, at the 95% confidence level, between the concentrations observed in this
study and those from the three previous studies on the Burrup Peninsula (Gillett et al. 2010). The
background concentration of ammonia is 0.4 ± 0.1 ppb, the same as observed in the industrial area in
2004/05. Although there was an increase in ammonia concentrations after 2004/05, there have been no
significant increases, at the 95% confidence level, over the last three measurement periods.

The lowest average nitric acid concentrations of 0.1 ± 0.04 ppb were observed at site 6; at the other five
sites the concentrations were 0.2 to 0.4 ppb, which was significantly higher than the background at the 95%
confidence level. The data from the three previous studies is presented and compared with the results from
the current study, but no increases were found over those periods. The background concentration over the
four periods was 0.2 ppb which is less than in the industrial areas.

The concentrations of nitrogen species in the gas and particle samples were used to calculate the nitrogen
dry deposition fluxes. Dry deposition from the gas phase was determined from the product of the nitrogen
species in the gas phase, the sampling period and the dry deposition velocity. Dry deposition from the
particle phase was determined from the application of the size-dependent deposition velocity to the nitrate
and ammonium concentrations measured in particles. The wet deposition fluxes were calculated from the
rainfall amount and the concentrations of ammonium and nitrate in the rainwater samples.

The total nitrogen deposition fluxes ranged from 10.3 meq m 7 yr at the background site (site 6) to
28.6 meq m 2 yr' at site 3. The dry deposition of nitrogen dioxide, ammonia and nitric acid gases
accounted for 75 to 94% of the total deposition flux, wet deposition accounted for 6 to 25% and the dry
deposition of particles accounted for only 3% of the total nitrogen deposition flux.
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The concept of critical loads is used in this study as an objective measure with which the measured nitrogen
deposition fluxes can be compared. Critical loads for a region are based on a ranking of soil buffering
capacity As data on the acid buffering capacity of the rock on the Burrup Peninsula are not available we
use critical loads defined in a global assessment of ecosystem sensitivity to acidic deposition for comparison
with nitrogen deposition fluxes measured in this study. The Burrup Peninsula area lies in the in the least
sensitive class with a critical load of greater than 200 meq m -2 yr 1 (or effectively no critical load). This
means that for acid deposition to have a negative impact on the surface (rock or soil) in the Burrup, the acid
deposition flux would need to exceed 200 meq m 2 yr t . The annual nitrogen deposition fluxes on the
Burrup Peninsula are about 10 - 29 meq m 2 yr 1 and are considerably lower than 200 meq m 2 yr1,
suggesting that the deposition of nitrogen is unlikely to cause any deleterious effects to rock or rock art on
the Burrup Peninsula.

The sampling program began after the commencement of LNG production by the Pluto LNG plant, thus the
nitrogen deposition fluxes determined during this sampling program are representative of nitrogen
deposition fluxes post Pluto LNG Plant commissioning. We can assume that nitrogen deposition flux
measurements made during similar earlier studies to be representative of nitrogen deposition fluxes prior
to the Pluto LNG Plant commissioning. There was no significant change in the total nitrogen deposition flux
since the Pluto LNG plant was commissioned.
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Appendix A kV , TA. Scope of AccrethtaUon

A
Scope of Accreditation NATA
ACCREDITATION NO: 245

CSIRO

Marine and Atmospheric Research
107-121 Station Street
ASPENDALE VIC 3195

CONTACT. Ms J Powell
PHONE: (03) 9239 4400 FAX: (03) 9239 4444 MOBILE
EMAIL Jennifer, Powell @csiro.au
WEB SITE. wwwcmar Csiro.au

FACILITIES Conditionally available for public testing

This facility complies with the requirements of ISO/IEC 17025:2005

7.65 Air
02 Ambient air

Analysis of filters by gravimetric technique
by the methods-
AS/NZS 3580 9.6, in-house method CAR-NATA-WI-AM-04 - Suspended particulate matter PM15
ASINZS 3580.9.9; in-house method CMAR-NATA-WI-AM-06 - Suspended particulate matter
PM10
ASINZS 3580.9.10; in-house method CMAR-NATA-WI-AM-06 - Suspended particulate matter
PM25

.71 Sampling
Sampling of air
listed by technique(s) using method(s)-
Passive sampler using in-house CMAR-NATA-WI-WC-15

7.66 Waters
.99 Other waters

Analysis of aerosol, rainwater and solutions from passive badge sampling
listed as determination(s) by technique(s) using method(s)-
Anions: Acetate, bromide: chloride: fluoride: formate: methane sulfonale; nitrate; nitrite: oxalate;
phosphate: sulfate by IC using in-house method CMAR-NATA-WI-WC-09
Cations sodium; ammonium: potassium: magnesium; calcium by IC using in-house method
CMAR-NATA-WI-WC-09
Conductivity by classical using in-house method CMAR-NATA-WI-WC-21
Nitrite by spectrophotometry using in-house method CMAR-NATA-WI-WC-08
pH by classical using in-house method CMAR-NATA-WI-WC-1 1

Accreditation No: 245
(Scope Last Changed 13/03/14)
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Appendix B MorthEy data sets

b:iI nitrate and mmonium concentrations in

Site 1

16/02/12 10:30	 12/03/12 11:50	 16.9	 1166	 44

12/03/12 13:15	 02/05/12 10:45	 29.4	 837	 69

02/05/12 11:00	 08/06/12 09:45	 43.4	 582	 49

08/06/12 10:00	 09/07/12 15:40	 17.1	 369	 23

09/07/12 15:50	 09/08/12 10:20	 25.0	 569	 23

09/08/12 10:30	 04/09/12 16:30	 31.2	 1006	 33

04/09/12 16:30	 16/10/12 16:15	 50.9	 474	 20

16/10/12 16:15	 16/11/12 16:15	 84.5	 934	 24

16/11/12 16:20	 14/12/12 12:20	 41.0	 673	 41

14/12/12 12:25	 02/01/13 14:05	 35.0	 757	 58

02/01/13 14:10	 08/02/13 12:25	 50.8	 608	 29

08/02/13 12:25	 14/03/13 08:00	 36.1	 496	 35

14/03/13 08:00	 12/04/13 08:20	 43.8	 585	 49

12/04/13 08:20	 14/05/13 07:20	 36.9	 749	 19

14/05/13 07:20	 13/06/13 17:10	 16.2	 229	 33

13/06/13 17:00	 10/07/13 09:35	 30.9	 390	 38

10/07/13 09:35	 14/08/13 14:40	 23.4	 290	 12

14/08/13 14:40	 19/09/13 16:35	 24.3	 325	 20

19/09/13 16:30	 09/10/13 16:15	 32.1	 378	 26

09/10/13 16:15	 21/11/13 09:25	 30.0	 759	 35

21/11/13 09:30	 12/12/13 15:05	 38.5	 448	 41

12/12/13 15:10	 20/01/14 11:00

22/01/14 16:30	 13/02/14 17:00	 30.8	 822	 36

13/02/14 17:05	 27/03/14 10:50	 25.7	 404	 10

27/03/14 10:55	 15/04/14 11:05	 17.4	 250	 23

15/04/14 11:10	 22/05/14 11:25	 46.4	 245	 9

22/05/14 11:25	 27/06/14 14:35	 21.8	 120	 8

Mean	 33.8	 556	 31

Standard deviation 	 14.5	 265	 15

95% confidence	 ±5.6	 ±102	 ±6
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B.2	 t n 1; nftrc nd m monium	 ncnnions in TSP

Site 2

16/02/12 17:20	 12/03/12 15:15	 71.3	 1234	 53

12/03/12 15:25	 02/05/12 13:00	 60.4	 1837	 93

05/05/12 13:08	 re-used next sample

12/06/12 15:45	 09/07/12 13:35	 62.1	 780	 40

09/07/12 14:00	 09/08/12 13:00	 16.9	 472	 140

09/08/12 13:15	 04/09/12 14:20	 21.8	 1015	 45

05/09/12 14:20	 16/10/12 14:00	 41.7	 487	 22

16/10/12 14:00	 16/11/12 13:55	 55.7	 829	 24

16/11/12 13:55	 14/12/12 10:30	 34.0	 647	 51

14/12/12 10:40	 02/01/13 10:40	 26.7	 748	 72

02/01/13 10:40	 08/02/13 09:50	 27.6	 567	 29

08/02/1309:50	 14/03/1209:30	 37.3	 526	 37

14/03/13 09:30	 12/04/13 10:40	 43.6	 649	 41

12/04/13 10:40	 13/05/13 15:20	 70.0	 506	 25

13/05/13 15:20	 14/06/13 09:30	 15.7	 262	 29

14/06/13 09:30	 10/07/13 13:35	 77.3	 1216	 40

10/07/13 13:35	 14/08/13 10:25	 71.6	 327	 12

14/08/13 10:25	 19/09/13 11:10	 46.4	 360	 25

19/09/13 11:15	 10/10/13 09:40	 42.7	 365	 32

10/10/13 09:40	 21/11/13 10:20	 33.3	 753	 35

21/11/13 10:25	 13/12/13 08:30	 32.1	 432	 44

13/12/13 08:40	 22/01/14 00:00	 44.6	 735	 29

22/01/14 15:20	 13/02/14 16:05	 25.4	 865	 39

13/02/14 16:10	 27/03/14 12:55	 26.6	 426	 11

27/03/14 12:55	 15/04/14 13:00	 17.0	 250	 21

15/04/14 13:00	 22/05/14 12:45	 48.4	 607	 7

22/05/14 12:45	 29/06/14 14:15	 18.1	 120	 5

Mean	 41.1	 654	 38

Standard deviation	 18.8	 368	 28

95% confidence	 ±7.2	 ±142	 ±11
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25.6

35.7

45.2

29.0

52.1

57.5

74.7

95.9

45.6

36.6

47.9

59.2

51.7

48.1

1283

78

601

424

669

1184

540

865

684

777

637

553

679

514

50

23

35

26

50

49

25

30

59

73

37

66

57

34

B.3 Site 3 nitnie and ammonium conrcntrrn in TSP

Site 3

16/02/12 15:30

12/03/12 16:40

02/05/12 14:30

08/06/12 12:20

10/07/12 16:00

09/08/12 12:05

04/09/12 15:45

16/10/12 14:40

16/11/12 14:45

14/12/12 10:50

02/01/13 13:10

08/02/13 10:45

14/03/13 13:00

12/04/13 09:00

No sample

No sample

18/07/13 13:00

19/09/13 09:35

10/10/13 10:20

21/11/13 12:50

13/12/13 09:00
Storm damage

22/01/14 14:10

13/02/14 15:30

27/03/14 12:33

15/04/14 14:25

23/05/14 08:50

Mean

Standard deviation

95% confidence

12/03/12 16:20

02/05/12 14:15

08/06/12 12:10

10/07/12 15:55

09/08/12 11:55

04/09/12 15:45

16/10/12 14:50

16/11/12 14:44

14/12/12 10:45

02/01/13 13:05

08/02/13 10:45

16/02/13 13:00

12/04/13 09:00

13/05/13 12:00

19/09/13 09:30

10/10/13 10:20

21/11/13 12:45

13/12/13 09:00

22/01/14 14:00
No sample

13/02/14 15:20

27/03/14 12:20

15/04/14 14:25

23/05/14 08:50

28/06/14 13:40

	

72.1	 429
	

22

	

60.1
	 391	 44

	

70.1	 808
	

35

	

39.9
	 448	 50

45.0	 901	 47

57.8	 428	 13

24.4	 241	 23

127.5	 899
	

8

34.7	 124	 18

53.8
	

615
	

38

23.4
	

297
	

17

± 9.6	 ± 122
	

±7
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14.2

20.2

27.3

27.7

34.4

48.0

27.2

23.8

17.0

56.0

12.9

28.9

16.3

± 7.1

256

309

346

704

292

716

814

408

249

485

115

524

258

± 113

18

31

38

35

81

33

41

13

25

6

9

44

37

± 16

Site	 nitrte nd ammorniun rccentations in TSP

Site 4

08/06/12 13:10

10/07/12 11:30

09/08/12 16:40

04/09/12 09:40

16/10/12 09:35

15/11/12 09:20

14/12/12 08:25

No sample

No sample

14/03/13 10:30

12/04/13 10:00

No sample

No sample

10/07/13 12:55

14/08/13 09:45

19/09/13 10:40

10/10/13 09:10

21/11/13 12:10

13/12/13 08:05

22/01/14 12:10

14/02/14 09:50

27/03/14 11:50

15/04/14 13:20

23/05/14 10:00

Mean

Standard deviation

95% confidence

10/07/12 11:23

09/08/12 16:35

04/09/12 09:30

16/10/12 09:30

15/11/12 09:20

14/12/12 08:20

02/01/13 11:40

12/04/13 10:00

13/05/13 14:35

14/08/13 09:45

19/09/13 10:35

10/10/13 09:10

21/11/13 12:05

13/12/13 08:00

22/01/14 12:05

14/02/14 09:50

27/03/14 11:45

15/04/14 13:20

23/05/14 10:00

29/06/14 09:40

30

6.6
	

222	 22

14.0	 514	 50

18.2	 994	 52

38.7	 501	 22

54.3
	

887	 29

65.9
	

779	 125

33.9
	

867	 154

	

22.3	 611	 51

	

15.6	 409
	 42



[.h	 Site 5 nitatc ald ammoniurn 	 :n nii.n in

Site 5

12/06/12 15:10	 10/07/12 14:00	 21.4	 394	 31

10/07/12 14:15	 09/08/12 15:35	 19.6	 543	 56

09/08/12 15:40	 04/09/12 10:35	 23.7	 1020	 46

04/09/12 10:45	 16/10/12 10:10	 40.8	 492	 22

16/10/12 10:10	 15/11/12 18:30	 53.8	 878	 27

15/11/12 09:20	 14/12/12 09:15	 31.3	 667	 49

14/12/12 09:30	 02/01/13 09:30	 26.2	 788	 73

02/01/13 09:35	 08/02/12 08:10	 52.1	 1138	 32

08/02/1308:10	 14/03/13 12:05	 28.4	 531	 40

14/03/13 12:05	 12/04/13 14:45	 30.2	 635	 48

12/04/13 12:45	 13/05/13 13:20	 23.1	 452	 30

13/05/13 13:20	 14/06/13 13:00	 11.8	 255	 32

No sample

No sample

14/08/13 08:55	 20/09/13 08:10	 19.0	 241	 23

20/09/13 08:15	 10/10/13 08:25	 27.0	 310	 36

10/10/13 08:25	 22/11/13 08:00	 29.4	 676	 34

22/11/13 08:00	 12/12/13 10:00	 27.2	 415	 50

12/12/13 07:45	 21/01/14 15:15

Storm damage	 No sample

24/01/14 12:10	 14/02/14 08:20	 27.9	 744	 36

14/02/14 08:25	 27/03/14 07:30	 27.7	 444	 12

27/03/14 07:30	 17/04/14 07:55	 19.7	 243	 21

17/04/14 07:55	 22/05/14 14:50	 27.4	 303	 12

22/05/14 14:50	 25/06/14 07:50	 20.0	 123	 9

Mean	 28.0	 538	 34

Standard deviation	 10.2	 269	 16

95% confidence	 14.3	 ±115	 ±7
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B.6 S ic	 :n no1 mnoiiium ccncn	 inns in TSn

Site 6

11/07/13 14:00	 14/08/13 13:25	 13.1	 493	 24

14/08/13 13:25	 19/09/13 08:00	 15.2	 528	 49

19/09/13 08:05	 09/10/13 13:10	 18.1	 570	 45

09/10/13 13:15	 21/11/13 08:15	 28.5	 1343	 64

21/11/13 08:20	 12/12/13 10:00	 27.5	 818	 102

12/12/13 10:05	 23/01/14 10:00	 50.1	 1335	 59

23/01/14 10:05	 13/02/14 13:45	 28.2	 1772	 91

13/02/14 13:45	 27/03/14 09:40	 26.9	 738	 22

27/03/14 09:40	 15/04/14 10:00	 15.7	 446	 40

15/04/14 10:00	 23/05/14 07:20	 20.9	 337	 22

23/05/14 07:20	 27/06/14 12:30	 21.7	 204	 18

Mean	 24.2	 780	 49

Standard deviation	 10.3	 494	 28

95% confidence 	 ±6.1	 ±292	 ±17
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Appendix C Gas concentrations

(i.	 .	 ..	 ..-..-,-	 ..,....

Site 1

12/03/2012 12:30

02/05/2012 11:20

08/06/2012 10:30

09/07/2012 16:15

09/08/2012 10:45

04/09/2012 16:15

16/10/2012 16:25

16/11/2012 15:20

14/12/2012 12:15

02/01/2013 14:15

08/02/2013 12:40

14/03/2013 08:20

12/04/2013 08:15

14/05/2013 07:30

13/06/2013 07:20

10/07/2013 09:45

14/08/2013 14:40

19/09/2013 16:30

09/10/2013 16:25

21/11/2013 09:35

12/12/2013 15:15

22/01/2014 16:35

13/02/2014 17:15

27/03/2014 11:00

15/04/2014 11:15

22/05/2014 11:10

Mean

Standard deviation

95% confidence

02/05/2012 11:20

08/06/2012 10:15

09/07/2012 16:00

09/08/2012 10:40

04/09/2012 16:15

16/10/2012 16:25

16/11/2012 15:20

14/12/2012 12:15

02/01/2013 14:15

08/02/2013 12:25

14/03/2013 08:20

12/04/2013 08:15

14/05/2013 07:30

13/06/2013 07:20

10/07/2013 09:45

14/08/2013 14:40

19/09/2013 16:30

09/10/2013 16:25

21/11/2013 09:35

12/12/2013 15:15

22/01/2014 16:35

13/02/2014 17:15

27/03/2014 11:00

15/04/2014 11:15

22/05/2014 11:10

27/06/2014 14:20
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0.3

0.1
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0.1
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0.1

0.2

0.1
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1.1

0.3

0.4

0.2

0.4

0.2

0.6

0.4

0.8

2.1

1.3

1.6

1.0

0.3

1.1

1.0

3.8

2.7

0.6

0.4

1.1

0.4

0.7

1.4

0.1

1.0

0.9

± 0.3

C.2	 te n ogen dioxide, m m cni	 nd nitric acid concentrations

Site 2

12/03/2012 15:00

02/05/2012 13:30

08/06/2012 11:15

09/07/2012 14:30

09/08/2012 13:20

04/09/2012 14:50

16/10/2012 14:15

16/11/2012 14:20

14/12/2012 10:20

02/01/2013 13:45

08/02/2013 10:10

14/03/2013 09:50

12/04/2013 10:35

13/05/2013 15:30

14/06/2013 09:40

10/07/2013 13:25

14/08/2013 10:25

19/09/2013 11:10

10/10/2013 09:50

21/11/2013 10:30

13/12/2013 08:45

22/01/2014 15:30

13/02/2014 16:15

27/03/2014 13:05

15/04/2014 12:40

22/05/2014 12:50

Mean

Standard deviation

95% confidence

02/05/2012 13:30

08/06/2012 11:00

09/07/2012 14:15

09/08/2012 13:15

04/09/2012 14:50

16/10/2012 14:15

16/11/2012 14:20

14/12/2012 10:20

02/01/2013 13:40

08/02/2013 09:45

14/03/2013 09:50

12/04/2013 10:35

13/05/2013 15:25

14/06/2013 09:30

10/07/2013 13:25

14/08/2013 10:25

19/09/2013 11:10

10/10/2013 09:50

21/11/2013 10:30

13/12/2013 08:45

22/01/2014 15:30

13/02/2014 16:15

27/03/2014 13:05

15/04/2014 12:40

22/05/2014 12:50

29/06/2014 14:20

14



C.3 Stc nH	 dioxide, an	 cnn and nHic acid ccncenrH.ions

Site 3

12/03/2012 16:30	 02/05/2012 14:50 	 3.1	 0.6	 1.2

02/05/2012 14:50 	 08/06/2012 12:00 	 2.6	 0.2	 0.7

08/06/2012 12:00 	 09/07/2012 16:00 	 3.8	 0.3	 1.0

10/07/2012 16:20	 09/08/2012 12:10	 4.1	 0.3	 0.5

09/08/2012 12:20 	 04/09/2012 15:30	 5.6	 0.6	 1.2

04/09/2012 15:30	 16/10/2012 15:00	 4.1	 0.4	 0.8

16/10/2012 15:00	 16/11/2012 14:45 	 4.1	 0.4	 1.2

16/11/2012 14:45 	 14/12/2012 10:50	 3.1	 0.3	 1.5

14/12/2012 10:50	 02/01/2013 13:15	 3.3	 0.3	 2.5

02/01/2013 13:15	 08/02/2013 10:40	 3.1	 0.4	 1.4

08/02/2013 10:45	 14/03/2013 13:00	 2.8	 0.3	 1.6

14/03/2013 13:15	 12/04/2013 09:00	 3.3	 0.9	 1.2

12/04/2013 09:00	 13/05/2013 12:20	 5.1	 0.6	 0.9

13/05/2013 12:25	 14/06/2013 14:25	 2.9	 0.3	 3.6

14/06/2013 14:30	 08/07/2013 12:55	 3.8	 0.5

08/07/2013 12:55	 14/08/2013 11:30	 1.6

14/08/2013 11:30	 19/09/2013 09:30	 3.8	 0.2	 0.4

19/09/2013 09:30	 10/10/2013 10:15 	 4.3	 0.3	 0.2

10/10/2013 10:15	 21/11/2013 13:55	 4.1	 0.4	 1.2

21/11/2013 13:55	 13/12/2013 09:10	 3.3	 0.1	 0.9

13/12/2013 09:10	 22/01/2014 14:15	 3.0	 0.3	 0.4

22/01/2014 14:15	 13/02/2014 15:35 	 3.5	 0.4	 1.2

13/02/2014 15:35	 27/03/2014 12:30	 3.3	 0.3	 0.3

27/03/2014 12:30	 27/03/2014 12:30	 3.7	 0.2	 0.2

15/04/2014 14:35	 23/05/2014 08:40	 2.9	 0.3	 2.2

23/05/2014 08:40	 28/06/2014 14:00	 2.6	 0.1	 1.1

Mean	 3.6	 0.4	 1.2

Standard deviation	 0.7	 0.2	 0.7

95% confidence	 ± 0.3	 ± 0.1	 ± 0.3
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C.	 Se . ntrogcn rrHce,	 noni	 nitric	 cnccntons

Site 4

08/06/2012 13:10	 10/07/2012 11:35 	 1.4	 0.2	 0.2

10/07/2012 11:50 	 09/08/2012 16:30	 1.8	 0.2	 0.2

09/08/2012 16:30	 04/09/2012 09:45	 3.0	 0.5	 2.5

04/09/2012 09:45	 16/10/2012 09:40	 2.2	 0.3	 0.1

16/10/2012 09:40	 15/11/2012 09:45 	 2.1	 0.4	 0.4

15/11/2012 09:45	 14/12/2012 08:15 	 1.7	 0.2	 0.2

14/12/2012 08:15	 02/01/2013 11:45	 1.7	 0.2	 0.6

02/01/2013 11:50	 08/02/2013 08:50	 1.8	 0.3	 0.3

08/02/2013 09:00	 14/03/2013 10:45	 1.6	 0.4	 0.9

14/03/2013 10:45	 12/04/2013 10:00	 1.8	 0.3	 0.9

12/04/2013 10:00	 13/05/2013 14:35	 2.2	 0.4	 0.8

13/05/2013 14:40	 14/06/2013 11:03	 0.8	 0.3	 0.1

14/06/2013 11:10	 10/07/2013 12:55	 1.0	 0.4

10/07/2013 12:55	 14/08/2013 08:50	 2.6	 0.2	 0.6

14/08/2013 08:50	 19/09/2013 10:35	 3.1	 0.3	 0.1

19/09/2013 10:35 	 10/10/2013 09:20	 3.1	 0.3	 0.1

10/10/2013 09:20	 21/11/2013 13:15	 2.3	 0.4	 0.8

21/11/2013 13:15	 13/12/2013 08:10	 1.3	 0.1	 0.1

13/12/2013 08:10 	 22/01/2014 13:15 	 1.9	 0.2	 0.2

22/01/2014 13:15	 14/02/2014 10:00	 1.7	 0.3	 0.9

14/02/2014 10:00 	 27/03/2014 11:55 	 1.6	 0.3	 0.1

27/03/2014 11:55	 15/04/2014 13:30	 1.8	 0.2	 0.2

15/04/2014 13:30	 23/05/2014 09:50 	 1.8	 0.2	 1.1

23/05/2014 09:50	 29/06/2014 09:20 	 1.0	 0.1	 0.1

Mean	 1.9	 0.3	 0.5

Standard deviation	 0.6	 0.1	 0.6

95% confidence 	 ± 0.2	 ± 0.04	 ± 0.2

Cm
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0.2

0.3
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0.2

0.2

1.1

0.4

0.6

1.1

0.8

0.8

0.6

0.2

0.2

1.2

<0.1

0.2

0.8

0.2

0.4

1.2

0.2

0.5

0.4

± 0.2

C.5 Site 5 nitrogen dioidc:, Prnrnon il	 n C itrc cic concentntions

Site 5

08/06/2012 15:10

10/07/2012 14:30

09/08/2012 15:45

04/09/2012 10:50

16/10/2012 10:20

15/11/2012 08:45

14/12/2012 09:10

02/01/2013 11:10

08/02/2013 08:20

14/03/2013 12:20

12/04/2013 12:40

13/05/2013 13:25

14/06/2013 13:30

10/07/2013 07:30

14/08/2013 08:50

19/09/2013 08:20

10/10/2013 08:30

22/11/2013 08:05

12/12/2013 08:00

21/01/2014 15:25

14/02/2014 08:35

27/03/2014 07:40

17/04/2014 08:05

22/05/2014 14:40

Mean

Standard deviation

95% confidence
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10/07/2012 14:20

09/08/2012 15:30

04/09/2012 10:50

16/10/2012 10:20

15/11/2012 08:45

14/12/2012 09:10

02/01/2013 11:00

08/02/2013 08:00

14/03/2013 12:20

12/04/2013 12:40

13/05/2013 13:20

14/06/2013 13:20

10/07/2013 07:30

14/08/2013 08:50

19/09/2013 08:20

10/10/2013 08:30

22/11/2013 08:05

12/12/2013 08:00

21/01/2014 15:25

14/02/2014 08:35

27/03/2014 07:40

17/04/2014 08:05

22/05/2014 14:40

25/06/2014 08:10
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open dioxide, mmonta	 Concentrations

Site G

11/04/2013 12:20 	 14/05/2013 09:30	 0.5	 0.2	 0.5

14/05/2013 09:35	 14/06/2013 08:20	 0.7	 0.2	 <0.1

14/06/2013 08:30 	 11/07/2013 14:00	 0.7	 0.2

11/07/2013 14:00	 14/08/2013 13:25	 0.4	 0.1	 0.1

14/08/2013 13:25	 19/09/2013 08:00	 0.3	 0.1	 0.2

19/09/2013 08:00	 09/10/2013 13:15	 0.3	 0.1	 0.1

09/10/2013 13:15	 21/11/2013 08:25	 0.5	 0.2	 0.4

21/11/2013 08:25	 12/12/2013 10:15 	 0.3	 0.1	 0.1

12/12/2013 10:15	 23/01/2014 10:10	 0.5	 0.2	 0.1

23/01/2014 10:10	 13/02/2014 13:55 	 0.7	 0.2	 0.9

13/02/2014 13:55	 27/03/2014 09:50	 0.4	 0.2	 0.1

27/03/2014 09:50	 15/04/2014 10:15	 0.5	 0.1	 0.3

15/04/2014 10:15	 23/05/2014 07:30	 0.7	 0.1	 1.2

23/05/2014 07:30	 27/06/2014 12:20	 0.1	 <0.1	 0.2

Mean	 0.5	 0.3	 0.3

Standard deviation	 0.2	 0.1	 0.3

95% confidence	 ± 0.1	 ± 0.05	 ± 0.2



(1.7	 mmon	 oncr	 in rnv'.ter

Gap Ridge	 17/02/12	 12/03/12	 42.5	 5.2	 1.3

02/05/12	 08/06/12	 49.6	 6.4	 2.6

08/06/12	 09/07/12	 9.8	 13.6	 9.4

16/11/12	 14/12/12	 1.0	 124.0	 234.5

14/12/12	 02/01/13	 1.9	 65.7	 26.1

02/01/13	 08/02/13	 50.9	 8.7	 8.3

08/02/13	 14/03/13	 4.8	 61.7	 7.2

12/04/13	 14/05/13	 45.1	 7.8	 2.5

14/05/13	 13/06/13	 29.0	 5.3	 3.2

13/06/13	 10/07/13	 183.6	 1.4	 3.8

09/10/13	 21/11/13	 1.9	 150.5	 84.6

12/12/13	 22/01/14	 86.5	 1.9	 1.5

22/01/14	 13/02/14	 31.0	 6.3	 2.1

27/03/14	 15/04/14	 13.3	 14.5	 14.4

15/04/14	 22/05/14	 153.6	 2.4	 2.3

22/05/14	 27/06/14	 2.2	 52.7	 19.8

Volume weighted mean	 5.3	 4.0

2	 Fertilizer plant	 17/02/12	 12/03/12	 71.3	 14.0	 3.3

12/03/12	 02/05/12	 32.9	 2.9	 2.7

16/11/12	 14/12/12	 2.0	 53.4	 35.5

02/01/13	 08/02/13	 106.6	 6.6	 7.1

08/02/13	 14/03/12	 3.8	 41.9	 24.7

12/04/13	 13/05/13	 5.2	 19.7	 7.8

13/05/13	 14/06/13	 40.2	 4.5	 7.2

14/06/13	 10/07/13	 213.8	 1.9	 7.2

10/10/13	 21/11/13	 2.0	 64.1	 40.9

13/12/13	 22/01/14	 85.2	 1.3	 15.5

22/01/14	 13/02/14	 24.3	 9.6	 5.0

13/02/14	 27/03/14	 1.3	 41.6	 16.5

27/03/14	 15/04/14	 25.8	 5.6	 2.5

15/04/14	 22/05/14	 143.8	 41.7	 1.4

22/05/14	 29/06/14	 2.3	 35.3	 15.5

Volume weighted mean	 12.5	 6.5
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3	 BM[	 17/02,J2	 l2/O3i2	 79.5	 3.3	 2.1

12/03/12	 02/05/12	 32.5	 <0.1	 4.5

02/05/12	 08/06/12	 39.2	 6.1	 3.3

08/06/12	 09/07/12	 12.1	 15.6	 4.1

02/01/13	 08/02/13	 127.7	 6.7	 5.4

12/04/13	 13/05/13	 8.5	 7.2	 3.0

10/10/13	 21/11/13	 4.8	 39.9	 33.5

13/12/13	 22/01/14	 92.3	 1.4	 0.1

22/01/14	 13/02/14	 22.2	 11.2	 5.4

27/03/14	 15/04/14	 4.4	 17.5	 9.4

15/04/14	 23/05/14	 5.6	 12.2	 6.0

Volume weighted mean 	 5.4	 1.9

4	 KGP	 15/11/12	 14/12/12	 2.4	 138.3	 415.8

02/01/13	 08/02/13	 140.0	 0.7	 1.9

08/02/13	 14/03/13	 31.6	 31.7	 15.7

12/04/13	 13/05/13	 5.6	 15.1	 6.1

13/05/13	 14/06/13	 32.7	 4.3	 3.5

14/06/13	 10/07/13	 213.8	 1.3	 1.4

10/10/13	 21/11/13	 1.0	 74.6	 58.8

13/12/13	 22/01/14	 103.3	 1.2	 6.0

22/01/14	 14/02/14	 20.9	 8.7	 4.8

14/02/14	 27/03/14	 0.7	 40.4	 17.8

27/03/14	 15/04/14	 17.3	 6.9	 2.7

15/04/14	 23/05/14	 135.5	 1.9	 1.3

23/05/14	 29/06/14	 2.9	 26.8	 11.0

Volume weighted mean	 4.0	 4.6

5	 DOM	 02/05/12	 12/06/12	 40.8	 3.8	 2.4

15/11/12	 14/12/12	 4.7	 36.8	 28.5

02/01/13	 08/02/13	 127.9	 6.2	 3.9

12/04/13	 13/05/13	 8.5	 6.4	 1.6

13/05/13	 14/06/13	 25.1	 4.6	 8.5

14/06/13	 10/07/13	 213.8	 1.5	 3.6

12/12/13	 21/01/14	 92.5	 <0.1	 0.1

21/01/14	 14/02/14	 24.1	 9.1	 5.0
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27/03/14	 17/04114	 7.1	 166	 6.2

17/04/14	 22/05/14	 128.3	 1.6	 1.2

Volume weighted mean	 3.2	 3.1

6	 Background	 14/05/13	 14/06/13	 8.6	 18.0	 2.4

14/06/13	 11/07/13	 109.6	 2.6	 5.7

09/10/13	 21/11/13	 5.5	 72.0	 51.8

12/12/13	 23/01/14	 5.6	 24.7	 0.1

23/01/14	 13/02/14	 7.4	 41.5	 11.1

15/04/14	 23/05/14	 46.6	 8.9	 3.6

Volume weighted mean	 4.5	 3.8
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C.8 Total nitrogen deposition fluxes observed during this study and
PrEVIOUS sude.

2004/2005
3b	 0.6	 0.7	 2.3	 6.5

	
2.1
	

0.8	 <0.1
	

13.1
	

90.0

5' 0.8	 0.9	 7.3	 5.5
	

3.1
	

0.8	 <0.1
	

18.5
	

90.8

6' 2.0	 3.6	 5.5	 6.9
	

3.1
	

0.8	 <0.1
	

22.0
	

74.5

7' 1.8	 1.7	 4.2	 5.7
	

2.6
	

0.8	 <0.1
	

16.9
	

79.2

8' 1.0	 1.1	 6.4	 6.0
	

3.2
	

0.8
	 <0.1
	

18.6
	

88.7

2007/2008
1h	 0.8	 3.2	 1.6	 3.9

	
1.8
	

0.8	 <0.1
	

12.2
	

67.1

3'	 1.9	 3.6	 2.2	 3.8
	

1.8
	

0.8	 <0.1
	

14.2
	

61.1

4'	 3.5	 3.6	 5.3	 5.7
	

2.5
	

0.8	 <0.1
	

21.5
	

66.9

6' 1.0	 1.1	 4.5	 11.1
	

2.4
	

0.8	 <0.1
	

21.0
	

90.0

7' 1.6	 2.4	 3.5	 7.7
	

2.0
	

0.8	 <0.1
	

18.1
	

77.8

8' 6.7	 4.3	 5.7	 7.6
	

2.9
	

0.8	 <0.1
	

28.1
	

60.8

2008/2009

1.1	 11.8	 1.7	 6.6
	

2.3
	

0.8	 <0.1
	

24.4
	

47.0
3b	 5.0	 2.4	 2.3	 5.5

	
3.2
	

0.8	 <0.1
	

19.3
	

61.6

4'	 3.2	 1.3	 6.9	 7.6
	

4.2
	

0.8	 <0.1
	

24.1
	

81.3

5'	 4.3	 4.4	 9.1	 10.6
	

3.6
	

0.8	 <0.1
	

32.9
	

73.5

6'	 1.1	 1.0	 5.4	 16.6
	

3.1
	

0.8	 <0.1
	

28.1
	

92.5

7'	 1.1	 1.0	 3.8	 7.6
	

4.0
	

0.8	 <0.1
	

18.4
	

88.6

8'	 3.8	 1.3	 6.5	 11.4
	

3.3
	

0.8	 <0.1
	

27.2
	

81.2

2012/2014
11	 2.2	 1.4	 4.4	 13.3

	
3.4
	

0.7	 <0.1
	

25.5
	

85.7

2	 2.6	 2.3	 4.0	 11.5
	

2.5
	

0.9	 <0.1
	

23.9
	

79.2

3' 1.2	 0.8	 7.7	 14.3
	

4.0
	

0.8	 <0.1
	

28.8
	

93.1

4' 1.9	 1.8	 4.4	 6.0
	

3.1
	

0.7	 <0.1
	

17.9
	

79.4
51	 0.7	 0.7	 5.8	 6.0

	
3.1
	

0.7	 <0.1
	

17.1
	

91.5
6b	 1.2	 0.9	 1.3	 3.9

	
1.7
	

0.7	 <0.1
	

9.8
	

78.3

'denotes sites in the industrial area
b denotes background sites
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Figure 15: Time series of TSP concentrations
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Figure 19: Monthly percentage contribution of each component to the total nitrogen deposition flux at site 3
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Figure 20: Monthly percentage contribution of each component to the total nitrogen deposition flux at site 6
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Please direct all responses/queries to: 
Chris Coffey 
T: +61 8 9158 8011 
E: fchris.coffey@woodside.com.au 

Our reference: Drims# 1400974021 

24 December 2018 

Mr Ian Munro 
Manager Compliance Assessment Branch 
Office of the Environmental Protection Authority 
Locked Bag 10 
East Perth WA 6892 

Attn: Rowan Inglis, Compliance Branch (Ministerial Statements) 

Dear Mr Munro 

MINISTERIAL STATEMENT 536- 2018 COMPLAINCE ASSESSMENT REPORT 

"1woodside 
Woodside Energy Ltd. 

ACN 005 482 986 

Mia Yellagonga 
11 Mount Street 
Perth WA 6000 

Australia 

T +61 8 9348 4000 
F +61 8 9214 2777 

www.woodside.com.au 

Please find attached the 2018 Compliance Assessment Report (CAR) against Ministerial Statement 536. The 
report covers the reporting period July 2017 to June 2018 and is in accordance with Ministerial Condition 9.1. 
The audit undertaken also satisfies the compliance auditing requirements of Ministerial Statement 320 and 
334. 

The audit was undertaken by Sustainability, an independent external auditor and found Woodside to be in 
compliance with the operational requirements of Ministerial Statement 536. 

Furthermore, as requested in the Notice of Non-compliance issued on 14 March 2018, Woodside can confirm 
that in the 2017/18 period, CO2 emission levels from LNG 4 and 5 were 2.898 Mtpa, against the Schedule 1 
stated amount of 2.9Mtpa. This information was verified by the audit and is stated in the CAR. 

If you wish to discuss any of the above further please contact Chris Coffey, Burrup Environment Team Lead, 
on 9158 8011 or chris.coffey@woodside.com .au 

Yours sincerely 

Breyden Lonnie 
Operations Manager, Karratha Gas Plant 
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Executive overview 
Woodside Energy Ltd (WEL) is the operator of the Karratha Gas Plant (KGP) where hydrocarbons, 

delivered from offshore facilities, are separated and treated into Liquefied Natural Gas (LNG), 

domestic gas, Liquefied Petroleum Gas (LPG) and condensate.  

The operation of the plant is subject to environmental approval conditions established for the Phase 

IV and Phase V expansion assessed by the Office of the Environmental Protection Authority (OEPA) 

and approved through Ministerial Statement No. 536 on 11 February 2000.  The conditions of approval 

allowed the construction of two additional processing trains, support facilities and an additional LNG 

loading jetty. 

All construction phase conditions have been closed with the remaining open Ministerial conditions 

relevant to: environmental reporting; hazardous waste management; compliance auditing; marine 

monitoring and, closure and rehabilitation. These open conditions will apply throughout the operation 

of the Project. The closure and rehabilitation conditions are initiated within 6 months of planned 

closure. 

The audit of compliance with the operational requirements of Ministerial Statement 536 found that 

the project continues to be in full compliance with the Ministerial Conditions and Proponent 

Commitments. Recommendations or opportunities for improvement have been provided within the 

report which may lead to improved operational performance.  
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1. INTRODUCTION 

Sustainability Pty Ltd (Sustainability) conducted a compliance audit of Woodside Energy Limited’s 

(WEL) North West Shelf Project Karratha Gas Plant (KGP) from 3rd – 7th December 2018.  The audit 

included a review of relevant statutory compliance requirements established in: 

• Ministerial Statement No 536 issued by the Minister for the Environment in February 2000 

for the expansion and operation of additional liquefied natural gas (LNG) trains; and 

• Internal documents and procedures related to the implementation of the Ministerial 

Statement. 

The audit undertaken also satisfies the compliance requirements of MS 320 and 334. 

The audit was undertaken by Colin Davies; Senior Environmental Advisor and Certified Lead 

Environmental Auditor with Exemplar Global.  The audit assessed compliance with the requirements 

of Ministerial Statement 536 through review of documentation, sampling of records, site inspection 

and interviews with personnel.  

Sustainability auditors are assigned in accordance with industry experience and auditor accreditations.  

Audits are carried out in accordance with relevant international standards for auditing such as ISO 

19011.  Please be aware the audit objectives include an assessment of compliance with statutory 

approval conditions based on documentation provided, records, site inspection and interviews with 

relevant personnel.  The audit outcomes do not propose to include interpretations of conditions or 

legal requirements and the findings are based only on the evidence provided.  This audit report does 

not constitute legal advice which can only be provided by a suitably qualified and experienced legal 

practitioner. 
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2. SUMMARY OF AUDIT FINDINGS 

The detailed audit findings are provided in detail in Table 3.1.  The findings indicate that WEL are 

operating in full compliance with Ministerial Statement 536 and Proponent commitments.  

Recommendations and opportunities for improvement are listed below to ensure compliance is 

maintained at the KGP.   

2.1 Recommendations  

2.1.1 Proponent commitment MS536: P19 Shipping impacts on marine environment 

Condition 536:P19 requires Woodside to monitor the effect of turbidity on corals in Mermaid Sound. 

Woodside continued to implement the Chemical and Ecological Monitoring of Mermaid Sound 

(ChEMMS) program throughout the audit period. 

Woodside has undertaken coral monitoring annually between the period 1995 and 2011, providing a 

17 year record of hard coral taxa and cover along the eastern shores of Mermaid Sound.  In 2012, the 

ChEMMS report noted that changes due to natural events (e.g. coral bleaching, cyclones) 

overshadowed any influence from the KGP operations and coral monitoring was not undertaken.  

In 2015, WEL met with the OEPA to discuss the modifications to their CheMMS program, including the 

change in frequency of coral health assessments to once every five years. These discussions were 

summarised in letters to the OEPA sent on the 29th December 2015 (DRIMS #10675294).  To date, 

WEL have not received formal acceptance of the change to coral monitoring frequency. 

During the 2016/2017 monitoring period, WEL failed to conduct coral monitoring assessments as per 

changes to the monitoring programme (once per 5 years). WEL therefore conducted coral monitoring 

during this reporting period (2017/18). A qualitative comparison between this survey and the previous 

survey shows little variation in habitat composition indicating an absence of any substantial impact to 

coral health.  

ChEMMS is undertaken by an independent consulting organisation, it is recommended that the 

compliance report reflects WEL’s intention to continue to monitor coral health once every five years. 

The 2017 ChEMMS report recommended that monitoring continue to be undertaken annually, which 

does not align with WEL’s intention based on results of the survey showing no indication of impact or 

change from baseline. It is recommended that the next monitoring report (2018 (2018-2019)) specifies 

that monitoring of coral health is required once every five years. 

2.1.2 Proponent commitment MS536: P25 Spent catalysts 

Spent catalysts are classified as Hazardous Waste and Dangerous Goods Class 4.2, UN 3190 Self 

Heating Solid, Inorganic, NOS (mercury sulphide).   

WEL informed that there has been a change in disposal practice which will see all spent catalysts being 

disposed of at an onshore facility (Contract Resources Mercury Waste Treatment Facility) in Karratha 

which is currently undergoing commissioning. Prior to receiving WEL’s spent catalyst and in 

accordance with the recommendation made during the previous audit, WEL conducted several rounds 
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of due diligence audits of the Karratha recycling facility prior to commissioning to assess the suitability 

of the facility to receive the spent catalysts. This included (inter alia) a review of granted 

environmental approvals, facility waste acceptance criteria, review of the Environmental 

Management System and Environmental and Social Management Plans during the contracting phase. 

No concerns or issues of note were identified by WEL. 

During the reporting period, 1 spent catalyst container was removed offsite and transferred to the 

Mercury Waste Treatment Facility on 28th May 2018. The associated chain of custody for the first 

shipment was viewed (CRCW0001) and waste confirmed as received as controlled waste as per the 

facility acceptance criteria and Controlled Waste Acceptance Plan.  

Commissioning of the facility is currently ongoing which utilises KGP’s spent catalyst throughout this 

phase. A total of 130L (1.768 t) of mercury is required for commissioning. To date, approximately 

100kg of mercury has been recovered. It is anticipated that commissioning will be completed in 

January 2019. The high temperature treatment process module has processed approximately 7tons 

of spent mercury guard bed.  

It is anticipated that commissioning will be completed in January 2019. Considering the above, it is 

recommended that WEL conduct a due diligence visit during the commissioning phase to ensure that 

the spent catalysts are being treated in an appropriate manner without deleterious impact. 
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3. MINISTERIAL STATEMENT 536 

Table 3.1 Ministerial Statement 536 Audit Table 

Note: 

• Phases that apply in this table = Pre-Construction, Construction, Operation, Decommissioning, Overall (several phases) 

• This audit table is a summary and timetable of conditions and commitments applying to this project. Refer to the Minister’s Statement for full detail/precise wording of individual elements. 

• Code prefixes: M = Minister’s condition; P = Proponent’s commitment; A = Audit specification; N = Procedure. 

• Abbreviations: CAR = Compliance Assessment Report; CEO = Chief Executive Officer of OEPA; DEC = Department of Environment and Conservation; DER = Department of Environment Regulation; DIA = Department of Indigenous Affairs; DMP = Department of Mining and Petroleum; 

DoH = Department of Health; DoW = Department of Water, DWER = Department of Water and Environment Regulation, EPA = Environmental Protection Authority, Minister for Env = Minister for the Environment; 

OEPA = Office of the Environmental Protection Authority. 

▪ Compliance Status: C = Compliant, CLD = Completed, NC = Non – compliant, NR = Not Required at this stage.  Please note the terms NA = Not Audited and VR = Verification Required are only for OEPA use.  IP = In Process may only be used by the proponent in circumstances outlined 

in Section 2.8 of the Post Assessment Guideline for Preparing an Audit Table. 

 

Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:M1.1 Implementation Implement the project as documented and 

summarized in Schedule 1 of Statement 536 

• Additional LNG production (Limit: 18.5 Mtpa): 16, 

576,189 t (Plant total)  

o LNG 4: 4,404,192 t 

o LNG 5: 4,508,394 t 

• Additional power supply (limit: 162 MW): 84.1 MW 

(average daily power production) 

• Additional CO2 emissions (limit trains 4 and 5: 2.9 

Mtpa):  2,898,744 t.  

WEL’s CO2 emissions are under the reporting limit of 2.9 Mtpa. 

During the reporting period, WEL actively sought CO2 

reductions and emissions efficiencies including valve repairs 

and additional maintenance. WEL have demonstrated a 

greater understanding of the CO2 emission calculations and 

assumptions since the breach during the 2016/2017 reporting 

period. 

The remainder of the key proposal characteristics as part of 

schedule 1 and associated amendments are considered not 

relevant to ongoing operations and deemed closed.  

 

Karratha Gas Plant Annual 

Environmental Report – July 

2017 to June 2018 Rev 0 (Ref: 

1400896450) 

1400869859_V0.6_2018 KGP - 

Annual Environment Report 

Data Collation 

Babel fish – verified data 

KGP ENERGY MANAGEMENT 

PLAN  

First Priority incident report 

system - CO2 – 

WELEV18030068 – CLOSED.  

MoC system (JIRA SYSTEM). 

MoC-66324 in conjunction 

WELEV18030068.  

 

 

 

Overall Throughout the life of the 

project 

C 

536:M1.2 Change to proposal Refer any change to the proposal, as documented and 

summarise in Schedule 1, to the EPA if the Min for Env 

determines it is substantial  

Overall Prior to any substantial 

changes to the proposal 

being made 

536:M1.3 Change to proposal Changes to the proposal, as documented and 

summarised in Schedule 1, may be affected where the 

Min for Env determines that those changes are not 

substantial 

Overall Prior to any substantial 

changes to the proposal 

being made 
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:M2.1 Proponent 

Commitments 

Implement the consolidated environmental 

management commitments documented in Schedule 

2 of Statement 536 

Woodside has substantially implemented the management 

commitments as relevant to the project and accordingly, the 

project currently demonstrates compliance with the condition. 

The condition remains open until the project is complete as 

implementation of the commitments is required over the 

operation of the project. 

Karratha Gas Plant Annual 

Environmental Report – July 

2017 to June 2018 Rev 0 (Ref: 

1400896450) 

 

 

Overall 
 

C 

536:M2.2 Proponent 

Commitments 

Implement subsequent environmental management 

commitments which the proponent makes as part of 

the fulfilment of conditions and procedures in 

statement 536 

Overall 
 

C 

536:M3.1 Environmental 

Management System  

Demonstrate that an Environmental Management 

System is in place 

Compliant and closed in previous audit period  Pre-construction Prior to construction. CLD 

536:M3.2 Environmental 

Management System - 

Implementation 

Implement the plans of the EMP and other 

components of the EMS as required by condition M3.1 

Woodside continue to implement a fit for purpose and 

suitable and effective EMS prepared in accordance with 

536:M3.1 and undertake frequent assurance reviews 

(InControl self-assessment system; verification of Woodside 

Management System including key risks and controls). The 

InControl System states frequency of reviews, completed 

dates and provides related evidence for sign-off. 

HSEQ policy (DRIMS#3475310) 

CURRENT (2017) 

HSEQ Procedure 

(WM0000MG10347354, 2016 

REV1) 

InControl – Woodside 

Management System 

Verification tool. 

Overall 
 

C 

536:M4.1 Greenhouse Gas 

Emissions 

Management Plan - 

Preparation 

Prepare a Greenhouse Gas Emissions Management 

Plan 

Compliant and closed in previous audit period 

 

 

 Pre-

commissioning 

Prior to commissioning. CLD 

536:M4.2 Greenhouse Gas 

Emissions 

Management Plan - 

Implementation 

Implement the Greenhouse Gas Emissions 

Management Plan as required by condition M4.1 

Overall   
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:M4.3 Greenhouse Gas 

Emissions 

Management Plan - 

Public Availability 

Make the Greenhouse Gas Emissions Management 

Plan as required by condition M4.1 publicly available 

Overall Prior to operation 

536:M5.1 Decommissioning and 

Rehabilitation 

Management Plan - 

Preparation 

Prepare a Decommissioning and Rehabilitation 

Management Plan 

The Plan shall address 1) removal or, if appropriate, retention 

of plant and infrastructure; 2) rehabilitation of all disturbed 

areas to a standard suitable for agreed new land uses; and 3) 

identification of contaminated areas, including provision of 

evidence of notification to relevant statutory authorities 

Not required at this stage Operation At least six months prior to 

decommissioning 

NR 

536:M5.2 Decommissioning and 

Rehabilitation 

Management Plan - 

Implementation 

Implement the Decommissioning and Rehabilitation 

Management Plan required by Condition M5.1 

Until the Minister for the Environment determines that 

decommissioning and rehabilitation are complete 

Not required at this stage Decommissioning At the end of operations 

phase 

NR 

536:M5.3 Decommissioning and 

Rehabilitation 

Management Plan - 

Public Availability 

Make the Decommissioning and Rehabilitation 

Management Plan required by Condition M5.1 publicly 

available 

Advertise in the local newspaper and each week of the public 

review period in the EPA/DEP newspaper advertisement in 

"The West Australian" newspaper or place own advertisement 

in this newspaper.  Advise DEP Audit officer two weeks in 

advance of intended date of release of Plan to enable 

inclusion of this info in EPA/DEP advert. 

Not required at this stage Overall Prior to decommissioning 

and rehabilitation 

NR 

536:M6.1 Performance Review 

Report 

Submit a Performance Review Report. Note: 1) This 

Report may be amalgamated with the Triennial Report 

as required under the North West Gas Development 

(Woodside) Agreement Act 1979; 2) The 

Environmental Protection Authority may recommend 

changes and actions to the Minister for the 

Environment following consideration of the 

Performance Review 

Annual Environmental Reports (AER) submitted to the DER by 

31 October each year cover the period from 1 July of the 

preceding year to 30 June of the reporting year.  It was stated 

in the 2009 / 2010 AER that Woodside intended to report on 

Condition 6 obligations through the AER. 

The condition remains open until the project is complete as 

implementation of the commitments is required over the 

operation of the project. 

Karratha Gas Plant Annual 

Environmental Report – July 

2017 to June 2018 Rev 0 (Ref: 

1400896450) 

 
 

Overall Each six years following the 

commencement of 

construction 

C 

536:M7.1 Proponent The proponent nominated by the Minister for the 

Environment, under S38(6) or (7) of the EP Act is 

responsible for the implementation of the project until 

the Minister has revoked this nomination and 

nominated another person in respect of the proposal 

under S38(7) of the EP Act 

WEL notified DWER of a change in address of its Perth 

headquarters and provided notification within 30 day period.  
 

Interview with Chris Coffey 

Email to DWER of notification 

(DRIMS#1400882287) 

Overall   C 

536:M7.2 Proponent - 

Replacement 

Any request for a change in proponent shall be 

accompanied by a copy of the Minister's statement 

endorsed with an undertaking by the proposed 

replacement proponent to carry out the proposal in 

Overall Before transfer of 

ownership of the proposal 

C 
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

accordance with the conditions and procedures set 

out in the statement 

536:M7.3 Proponent - 

Notification of Change 

Notify the DEP of any change of proponent contact 

name and address 

Overall Within 30 days of any 

change of address 

C 

536:M8.1 Commencement Provide evidence to the Minister for the Environment 

within five years of the date of this statement that the 

proposal has been substantially commenced 

Compliant and closed in previous audit.  Overall   CLD 

536:M8.2 Commencement If the proposal has not been substantially commenced 

within five years of the date of this statement, the 

approval to implement the proposal as granted in 

Statement 536 shall lapse and be void 

Overall   

536:M8.3 Commencement Make an application to the Minister for the 

Environment for any extension of approval for the 

substantial commencement of the proposal beyond 

five years from the date of statement 536 

Overall At least six months prior to 

the expiration of the five 

year period referred to in 

conditions M4-1 and M4-2, 

that is by 24 July 2004 

536:M8.4 Project parameters The Minister may grant an extension of approval not 

exceeding five years 

Overall   

536:M9.1 Compliance Auditing Submit periodic Compliance Reports The 2017 Compliance Audit Report authored by Sustainability 

Pty Ltd for Ministerial Statement 536 was submitted to DWER 

via email on 20/12/2017. 

 

Evidence of submission sighted 

- email 

Interview with Chris Coffey 

Overall Prior to commencement of 

construction and annually 

thereafter until further 

notice 

C 

536:M9.2 Compliance Auditing The CEO of the DEP will assess compliance with the 

condition, procedures and commitments of Statement 

536 and will issue formal, written advice when 

satisfied that each audit element has been complied 

with. 

Overall   

536:M9.3 Compliance Auditing The Min for Env will determine any dispute over 

compliance with any condition, procedure or 

commitment of Statement 536 

Overall   
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:P1 Dredging and Blasting 

Environmental 

Management Plan - 

Preparation 

Prepare a Dredging and Blasting Environmental 

Management Plan 

Compliant and closed in previous audit. Dredging and Blasting 

Environmental Management 

Plan 

Pre-construction Prior to construction of 

jetty 

CLD 

536:P2 Dredging and Blasting 

Environmental 

Management Plan - 

Implementation 

Implement the Dredging and Blasting Environmental 

Management Plan referred to in P1 

Compliant and closed in previous audit. Dredging and Blasting 

Environmental Management 

Plan 

Construction During construction of 

shipping channel and 

turning basin 

CLD 

536:P3 Shipping and Vessel 

Management - Waste 

disposal 

Ensure that wastes are disposed in accordance with 

Marine Pollution Convention (MARPOL) Annex IV or at 

the onshore gas plant waste system. 

Compliant and closed in previous audit. As required in M9.1 and AER Overall   CLD 

536:P4.1 Shipping and Vessel 

management- 

Sediment Ballast 

Water 

Comply with AQIS Notice 92/2 "Controls on the 

discharges of ballast water and sediment from ships 

entering Australia from Overseas" for dredges arriving 

in Australia 

Compliant and closed in previous audit. As required in M9.1, and by 

providing a summary 

compliance report 

Overall Annually CLD 

536:P5 Shipping and Vessel 

Management - Oil 

Spills - Risk Assessment 

Include a Risk Assessment of extra shipping risks in the 

Project Quantified Risk Assessment. 

Compliant and closed in previous audit. Quantified Risk Assessment Pre-

commissioning 

Prior to commissioning CLD 

536:P6.1 Shipping and Vessel 

Management - Oil 

Spills Response Plan - 

Preparation 

Prepare Oil Spill Response Plan to interface with the 

Oil Spill Contingency Plan 

Marine works oil spill contingencies were previously assessed 

in the August 2006 compliance report. 

Oil Spills Response Plan Operation  Prior to project related 

vessel movements 

CLD 

536:P6.2 Shipping and Vessel 

Management - Oil 

Spills Response Plan - 

Implementation 

Implement the Oil Spill Response Plan referred to in 

P6.1 

Marine works oil spill contingencies were previously assessed 

in the August 2006 compliance report. 

As required in M9.1 and AER Operation  Prior to project related 

vessel movements 

CLD 

536:P7 Effluent Discharges - 

Hydrotesting 

Prepare a Hydrotest Program Hydro testing of the Phase V expansion works was completed 

as approved. 

Hydrotest Program.  As 

required in M9.1 and AER 

Overall   CLD 
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:P8 Effluent Discharges -

Pickling Liquors 

Do not dispose of pickling liquors into marine 

environment  
Chemical cleaning complete. 

As required in M9.1 and AER Overall   CLD 

536:P9 Dust Control dust emissions from the project areas during 

construction 
Dust control on the construction site remains satisfactory. 

As required in M9.1 and AER Construction During construction of 

additional two LNG trains 

CLD 

536:P10 Flora and Fauna - 

Disturbance of New 

Areas 

Liaise with CALM on any destruction of Priority Flora 

and Fauna 
No further site disturbance proposed under approval 

conditions. 

As required in M9.1 and in AER Construction During construction of 

additional two LNG trains 

CLD 

536:P11 Flora and Fauna - 

Weed Control 

Construct vehicle washdown facilities in appropriate 

locations.  
Compliant and closed in previous audit. 

As required in M9.1 and in AER Construction During construction of 

additional two LNG trains 

CLD 

536:P12 Flora and Fauna - 

Vegetation Survey of 

Burrup Peninsula 

Participate in appropriate joint industry/government 

vegetation survey on the Burrup Peninsula. Previously cleared by DER. 

As required in M9.1 and in AER Overall Initiated by Government CLD 

536:P13 Flora and Fauna - 

Weed Research 

Program on Burrup 

Peninsula 

Participate in appropriate joint industry/government 

weed research programme on the Burrup Peninsula. 
Compliant and closed in previous audit. 

As required in M9.1 and in AER Overall Initiated by Government CLD 

536:P14 Surface Water Quality Maintain the beneficial uses of surface water 

consistent with draft EPA Guidance No.26, and not 

change the landform to extend past the immediate 

area of disturbance. 

The post-construction landform disturbance evaluation 

compared the pre-construction landform disturbance with the 

actual disturbance area of the two additional LNG trains (4 and 

5) using satellite photos.  The comparison confirmed that the 

footprint for construction did not exceed the approved project 

disturbance footprint. 

 

The result of the evaluation was reported in the 2009/2010 

Annual Environmental Report submitted to the DER. 

As required in M9.1 and in AER Overall After construction of 

additional two LNG trains 

CLD 

536:P15 Waste Management - 

Solid Wastes Disposal 

Dispose of solid wastes in accordance with the 

requirements of the DEP in liaison with the Shire of 

Roebourne 

Waste management plans implemented and effective. 

As required in M9.1 and in AER Overall   CLD 

536:P16 Noise and Vibration 

Monitoring 

Monitor noise levels where appropriate 
Compliant and closed in previous audit. 

As required in M9.1 and in AER Overall During construction CLD 

536:P17 On-shore Process Spills Install bunding in areas where there is a possibility of 

accidental oil contamination. 
No change from previous audit. 

As required in M9.1 and in AER Overall After construction of two 

additional LNG trains 

CLD 

536:P18 Effluent Discharges - 

LNG Plant 

Maintain sulfinol concentrations in effluent discharges 

within DEP license conditions 

Condition no longer applicable as DER licence does not specify 

limits for water quality. Sulfinol no longer used by WEL which 

has been replaced with aMDEA. 

As required in M9.1 and in AER Overall After construction of two 

additional LNG trains 

CLD 
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

536:P19 Shipping Impacts - 

Marine Environment - 

Turbidity and TBT 

Monitor and report annually the effect of turbidity on 

corals, and TBT accumulation in Mermaid Sound. 

Woodside continued to implement the Chemical and 

Ecological Monitoring of Mermaid Sound (ChEMMS) program 

throughout the audit period to monitor the ecological impacts 

in Mermaid Sound. 

TBT Accumulation 

TBT was banned for marine vessels in 2003; as such Woodside 

omitted monitoring TBT from the ChEMMS program to focus 

on monitoring of priority ecological factors in 2004. 

Confirmation of cessation from OEPA was received on 20th 

December 2016. 

Coral Monitoring 

Woodside has undertaken coral monitoring annually between 

the period 1995 and 2011, providing a 17 year record of hard 

coral taxa and cover along the eastern shores of Mermaid 

Sound.  In 2012, the ChEMMS report noted that changes due 

to natural events (e.g. coral bleaching, cyclones) 

overshadowed any influence from the KGP operations and 

coral monitoring was not undertaken.  

In 2015, WEL met with the OEPA to discuss the modifications 

to their CheMMS program, including the change in frequency 

of coral health assessments to once every five years. These 

discussions were summarised in letters to the OEPA sent on 

the 29th December 2015 (DRIMS #10675294).  To date, WEL 

have not received formal acceptance of the change to coral 

monitoring frequency. 

During the 2016/2017 monitoring period, WEL failed to 

conduct coral monitoring assessments as per changes to the 

monitoring programme (once per 5 years). WEL therefore 

conducted coral monitoring during this reporting period 

(2017/18). A qualitative comparison between this survey and 

the previous survey shows little variation in habitat 

composition indicating an absence of any substantial impact 

to coral health.  

Based on the coral monitoring results, WEL intend to continue 

coral monitoring once every five years as per discussions with 

OEPA in 2015.  

ChEMMS is undertaken by an independent consulting 

organisation, it is recommended that the compliance report 

Karratha Gas Plant Annual 

Environmental Report – July 

2017 to June 2018 Rev 0 (Ref: 

1400896450) 

ChEMMS Annual Report 2017 – 

Advisian Pty Ltd February 2018 

Interview with Chris Coffey 

Operation During plant operation C 
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Audit 

Code 

Subject Requirement How Evidence Phase Timeframe Status 

reflects WEL’s intention to continue to monitor coral health 

once per five years. The 2017 report states recommended that 

monitoring will continue to be undertaken annually, which 

does not align with WEL’s intention based on results of the 

survey showing no indication of impact or change from 

baseline. It is recommended that the next monitoring report 

(2018 (2018-2019)) specifies that monitoring of coral health is 

required once per five years. 

536:P23 Air Emissions - Burners 

on Gas Equipment 

Install low NOx burners on all new gas equipment. Verification of operational NOx emissions confirms 

compliance. 

As required in M9.1 and in AER Operation After construction of two 

additional LNG trains 

CLD 

536:P24 Air Emissions - Pilbara 

Air Quality Study 

Confirm the predictive air modelling as part of the 

Pilbara Air Quality Study. 

Train 5 emission confirmations complete. As required in M9.1 and in AER Pre-construction Prior to construction of two 

additional LNG trains 

CLD 

536:P25 Waste Management - 

Mercury Disposal 

Dispose of spent mercury bed material in an 

appropriate manner 

Spent catalysts are classified as Hazardous Waste and 

Dangerous Goods Class 4.2, UN 3190 Self Heating Solid, 

Inorganic, NOS (mercury sulphide).   

WEL informed that there has been a change in disposal 

practice which will see all spent catalysts being disposed of at 

an onshore facility (Contract Resources Mercury Waste 

Treatment Facility) in Karratha which is currently undergoing 

commissioning. Prior to receiving WEL’s spent catalyst and in 

accordance with the recommendation made during the 

previous audit, WEL conducted several rounds of due diligence 

audits of the Karratha recycling facility prior to commissioning 

to assess the suitability of the facility to receive the spent 

catalysts. This included a review of granted environmental 

approvals, facility waste acceptance criteria, review of EMS 

and ESMPs during contracting phase etc.  No concerns or 

issues of note were identified by WEL. 

During the reporting period, 1 spent catalyst container was 

removed offsite and transferred to the Mercury Waste 

Treatment Facility on 28th May 2018. The associated chain of 

custody for the first shipment was viewed (CRCW0001) and 

waste confirmed as received as controlled waste as per the 

facility acceptance criteria and Controlled Waste Acceptance 

Plan. The facility commissioning is currently ongoing and 

utilising KGP’s spent catalyst throughout this phase. A total of 

130L (1.768 t) of mercury is required for commissioning. To 

date, approximately 100kg of mercury has been recovered. It 

is anticipated that commissioning will be completed in January 

2019. The high temperature treatment process module has 

Interview with Chris Coffey and 

Olivia McDonald 

Controlled Waste Acceptance 

Plan 

Chain of Custody: CRCW0001 

Email chain: MTF Facility 

Acceptance Criteria  

EPA Licence L9109/2017/1 

Works Approval: 

W5958/2016/1 

DMP Dangerous Goods Licence: 

DGS022313 

HAZOP Report 

 
 

Overall   C 
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processed approximately 7tons of spent mercury guard bed. It 

is anticipated that commissioning will be completed in January 

2019. Considering the above, it is recommended that WEL 

conduct a due diligence visit during the commissioning phase 

to ensure that the spent catalysts are being treated in an 

appropriate manner without deleterious impact. 

 

536:P26 Groundwater Quality - 

Monitoring 

Confirm any additional groundwater monitoring 

requirements. 

Compliant and closed in previous audit. 

Following hydrogeological surveys to ascertain major 

underground flow paths and suitable locations, WEL 

established a network of GW monitoring bores. Monitoring is 

conducted twice per year (once  in summer and once in 

winter) with additional sampling conducted midseason if 

heavy rainfall exists. 

As required in M9.1 and in AER Construction   CLD 

536:P27 Risk (Public Health and 

Safety) - Quantitative 

Risk Assessment 

Undertake a full Quantified Risk Assessment Compliant and closed in previous audit. Quantified Risk Assessment Commissioning Prior to commissioning CLD 

536:P28 Risk (Public Health and 

Safety) - Safety Case 

and Safety 

Management System. 

Update the Safety Case and Safety Management 

System. 

Compliant and closed in previous audit. Updated Safety Case and 

Safety Management System 

Commissioning Prior to commissioning CLD 

536:P29 Aboriginal Culture and 

Heritage 

Undertake site clearance in accordance with the 

Aboriginal Heritage Act 1972. 

Compliant and closed in previous audit.   Construction   CLD 
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1. SCOPE AND EXECUTIVE SUMMARY 
The Pluto LNG Plant (Pluto) has an operational Licence (No. L8752/2013/2, the Licence) issued by 
the Department of Water and Environmental Regulation (DWER) under the Environmental 
Protection Act 1986 (EP Act). The licence defines the monitoring and compliance (emissions and 
discharge) limits for Pluto operations and associated annual reporting requirements. The purpose 
of the 2018/19 Annual Environment Report (AER) is to demonstrate compliance with Condition 
4.2.1 and 4.2.2 of the Licence, for the period 1 April 2018 to 31 March 2019 (the reporting period). 
The Annual Audit Compliance Report (AACR) required by Condition 4.1.3 is also included in this 
report. 
 
There were no amendments made to the operational licence during the reporting period. There 
were no exceedances of licence limits or targets, or breaches of other licence conditions during the 
reporting period. 
 

2. ANNUAL AUDIT COMPLIANCE REPORT 
The 2018/2019 reporting period AACR is included in Appendix A. 
 

3. PRODUCTION DATA  
Total hydrocarbon production from Pluto for the reporting period was 5,400,872T. This figure is 
broken down into monthly production by product type in Table 3-1. Pluto commenced production 
and export of domestic gas into the Dampier to Bunbury natural gas pipeline during the reporting 
period. 
 

Table 3-1: Pluto production summary for the reporting period 
Month Condensate (T) LNG (T) DOMGAS (T) Total Product (T) 
Apr-18 32,680 410,597 0 443,277 
May-18 33,539 441,609 0 475,148 
Jun-18 34,104 434,394 0 468,498 
Jul-18 35,023 450,972 0 485,995 
Aug-18 26,784 327,681 0 354,465 
Sep-18 33,510 430,613 0 464,123 
Oct-18 34,649 442,360 0 477,009 
Nov-18 33,474 425,234 0 458,708 
Dec-18 35,076 437,036 2,244 472,112 
Jan-19 33,251 425,748 154 458,999 
Feb-19 28,483 352,802 750 381,285 
Mar-19 31,988 421,135 4,982 453,123 
Total 392,561 5,000,181 8,130 5,400,872 

 
Total production in the reporting period is compared against previous periods in Table 3-2. 
Production for the period is consistent with trends in recent years. 
 

Table 3-2: Comparison of Pluto production summary with previous reporting periods 
Reporting period Total product (T) 

2013-2014 4,476,036 

2014-2015 4,956,290 
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2015-2016 4,915,640 

2016-2017 5,315,927 

2017-2018 5,245,135 

2018-2019 5,400,872 

3.1.  Comparison with Prescribed Premises Categories 
A comparison of actual production during the reporting period with the approved premises annual 
production or design capacity in the Licence is provided in Table 3-3. All values were within the 
approved category limits during the reporting period. Note there were no changes to the design 
capacity during the reporting period. 

 
Table 3-3: Comparison of actual production or capacity during reporting period with prescribed 
premises categories 

Category 
Number Category Description Approved premises production per 

reporting period 
Actual production or capacity 

during reporting period 

10 Oil or gas production from wells 6,000,000 t 5,400,872 t 

34 Oil or gas refining 6,000,000 t 5,400,872 t 

52 Electric power generation 160 MW 79 MW 

61 Liquid waste facility 36,000 - 146,000 t 60,586 t 

85 Sewage facility 28,820 m3 1,165 m3 
 

4. COMPLAINTS SUMMARY 
Woodside did not receive any complaints during the reporting period concerning the environmental 
impact of activities undertaken at Pluto. 
 

5. EXCEEDANCE OF ANY TARGET OR LIMIT SPECIFIED IN THE 
LICENCE 

There were no target or limit exceedances during the reporting period. 
 

6. POINT SOURCE EMISSIONS TO AIR 
During the reporting period, discharges to air were made via Licenced Emission Points listed in 
Table 2.2.1 of the Licence. 

6.1. Oxides of Nitrogen (NOx) Performance 
The NOx results for Pluto Licenced Emission Points A1-A7 in the reporting period are presented in 
Table 6-1. In accordance with the Pluto Air Quality Management Plan and the Licence, annual 
stack testing was undertaken. All emissions points were within licence limits. 
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Licence: L8752/2013/2 Licensee: Woodside Burrup Pty Ltd 
Parameter: Oxides of Nitrogen Period: 1 April 2018 to 31 March 2019 
Name:  Monitoring of point source emissions limits to air  
 

Table 6-1: Results of NOx monitoring for the reporting period 

Emission Point 
Licence Ref Emission Point Tag Parameter Licence Limit 

(mg/m3) NOx Mean (mg/m3) Averaging 
Period Method Sample Date Plant Status 

A1 PGP 1A-1410 EXH Oxides of 
nitrogen 100 40 >30 min USEPA Method 

7E 12/06/2018 Normal 

A2a, North Stack PGP 1A-1430 NTH Oxides of 
nitrogen 100 41 >30 min USEPA Method 

7E 12/06/2018 Normal 

A2b, South Stack PGP 1A-1430 STH Oxides of 
nitrogen 100 38 >30 min USEPA Method 

7E 12/06/2018 Normal 

A3a, North Stack - 
Exhaust PGP GTG4001 EXH Oxides of 

nitrogen 100 The turbine exhaust (this stack) was not in operation during sampling time. All emissions from PGP GTG4001 were via the waste 
heat recovery unit (A3b). Normal 

A3b, South Stack - 
WHRU PGP GTG4001 WHRU Oxides of 

nitrogen 100 26 >30 min USEPA Method 
7E 14/06/2018 Normal 

A4a, North Stack - 
Exhaust PGP GTG4002 EHX Oxides of 

nitrogen 100 19 >30 min USEPA Method 
7E 29/06/2018 Normal 

A4b, South Stack - 
WHRU PGP GTG4002 WHRU Oxides of 

nitrogen 100 The waste heat recovery unit for GTG4002 (this stack) was not in operation during sampling time. All emissions from PGP 
GTG4002 were via the exhaust stack (A4a) Normal 

A5 PGP GTG4003 EXH Oxides of 
nitrogen 100 29 >30 min USEPA Method 

7E 14/06/2018 Normal 

A6 PGP GTG4004 EXH Oxides of 
nitrogen 100 39 >30 min USEPA Method 

7E 12/09/2018 Normal 

A7 RTO Exhaust stack PGP 1A-1251-B2 EXH Oxides of 
nitrogen 100 22 >30 min USEPA Method 

7E 02/10/2018 Normal 
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6.1.1. Comparison with previous monitoring results 
Monitoring results from the reporting period are compared with previous results in Table 6-2. 
 
Table 6-2: Comparison of NOx performance against previous reporting periods 

Emission Point 
Licence Ref 

Emission Point 
Tag 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 

A1 PGP 1A-1410 
EXH 33 31 48 41 42 40 

A2, North Stack PGP 1A-1430 
NTH 37 38 44 43 28 41 

A2, South Stack PGP 1A-1430 STH 43 36 39 45 32 38 

A3, North Stack - 
Exhaust 

PGP GTG4001 
EXH 28 34 Not in 

operation 25 Not in 
operation 

Not in 
operation 

A3, South Stack - 
WHRU 

PGP GTG4001 
WHRU 

Not in 
operation 

Not in 
operation 25 Not in 

operation 19 26 

A4, North Stack - 
Exhaust 

PGP GTG4002 
EHX 

Not in 
operation 

Not in 
operation 26 Not in 

operation 17 19 

A4, South Stack - 
WHRU 

PGP GTG4002 
WHRU 16 20 Not in 

operation 19 Not in 
operation 

Not in 
operation 

A5 PGP GTG4003 
EXH 33 41 28 23 23 29 

A6 PGP GTG4004 
EXH 40 36 35 32 33 39 

A7 RTO Exhaust 
stack 

PGP 1A-1251-B2 
EXH 3 5 7.4 5 3 22 

 
Results for the reporting period are within the bounds observed during previous monitoring. NOx 
emissions fluctuate with factors such as fuel composition, combustion temperature and equipment 
load and can therefore be expected to change each reporting period. Stack testing continues to be 
the indicator of turbine environmental performance, and future monitoring will enable any trends to 
be identified for individual pieces of equipment. 
 

6.1.2. Dark Smoke Performance 
Dark smoke monitoring was conducted throughout the reporting period in accordance with 
Condition 3.2.1. 
 
There were four instances of dark smoke, with a Ringelmann shade greater than one which lasted 
for 30 minutes or more, in the reporting period (see Table 6-3). There were no dark smoke limit 
exceedances (Ringelmann shade greater or equal to three and which lasted for a continuous 30 
minute period) in the reporting period. 
 

Table 6-3: Dark  smoke monitoring during reporting period 

Date Ringelmann 
shade Time commenced Duration 

(HH:MM) Cause 

1/07/2018 2 0600 03:00 Cooldown of LNG vessel with only one flare 
blower operational 

2/08/2018 2 1000 02:00 Depressure due to train trip 

07/02/2019 2 0650 01:05 Depressure due to train trip 

08/02/2019 2 1800 03:00 Train restart 
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6.1.3. Comparison with previous monitoring results 
The number of dark smoke limit exceedances and instances for the reporting period is compared 
with previous year’s results in Table 6-. 

 
Table 6-4: Comparison of dark smoke events with previous periods 

Reporting 
Period 

Number of Limit 
Exceedances 

Number of Dark 
Smoke Instances 

>R1 

2013-2014 1 18 

2014-2015 0 6 

2015-2016 0 2 

2016-2017 0 0 

2017-2018 0 1 

2018-2019 0 3 

 
The frequency of dark smoke events remains low, after decreasing from that experienced during 
commencement of plant operations. This is reflective of greater plant reliability, operational stability 
and operations technician focus. Management of potential dark smoke from operational or 
maintenance events remains a key environmental priority, and all practicable efforts are made in 
planning and operations to mitigate potential impacts. 

6.2. Volume of Hydrocarbon Flared 
Volume monitoring and analysis of the hydrocarbons flared from Pluto in the reporting period was 
undertaken and will be reported through the National Greenhouse and Energy Reporting Scheme 
by November 2019. 

6.3. Regenerative thermal oxidiser availability 
During the reporting period, the regenerative thermal oxidiser (RTO) was online 79.1% of the time 
whilst waste gas was being produced. RTO availability notifications, which included the time, date 
and reason for the outages were included in the quarterly shutdown reports submitted to DWER 
during the reporting period. 
 
Table 6- shows a comparison of the RTO availability with previous periods.  RTO availability for the 
reporting period (79.1%) was higher than the previous period (67.5%).  This is due to higher 
reliability associated with the RTO over the period.  
 

Table 6-5: Comparison of RTO availability with previous periods 

Reporting period RTO availability 

2013-2014 71% 

2014-2015 88.3% 

2015-2016 87.5% 

2016-2017 85.3% 

2017-2018 67.5% 

2018-2019 79.1% 
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6.4. Monitoring undertaken under air quality management plan 
The Pluto LNG Project: Air Quality Management Plan [X0000AH0002] requires annual analysis of 
SO2 and CO emissions from the gas turbines and SO2, CO, aromatic hydrocarbons (BTEX) and 
H2S from the RTO exhaust. The results of this monitoring are presented in Appendix B. 
 
Comparison of results from 2018/19 with previous reporting periods shows consistency since the 
start of operations, and are similar to design information used to inform risk assessments for EP 
Act Part IV approvals. 
 
 

7. POINT SOURCE EMISSIONS TO SURFACE WATERS 
During the reporting period, treated effluent was discharged via Licenced Emission Point W1. 

7.1. Point Source Emissions to Surface Waters Licence Performance 
The full suite of monitored parameters specified for Licenced Emission Point W1 by Condition 3.3.1 
of the Licence is tested at least quarterly in accordance with the Pluto LNG Project Treated Waste 
Water Marine Discharge Management Plan (TWMDMP) [XA0000AH0029]. 
 
The point source emissions to surface waters performance for Pluto in the reporting period and 
comparison with previous periods is presented in Table 7-1. Because sampling is undertaken more 
frequently than quarterly, statistics are shown rather than presenting results of each analysis.  
 
A total of 60,586 m3 of treated wastewater was discharged via W1, the Effluent Treatment Plant 
(ETP), during the reporting period. TWMDMP limits were complied with for the entire reporting 
period. 
 
The full records of quarterly analysis results during the reporting period are included in Appendix C. 
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7.1.1. Comparison with previous monitoring results 
Licence: L8752/2013/2 Licensee: Woodside Burrup Pty Ltd 
Form: Water Quality Parameters Period: 1 April 2018 to 31 March 2019 
Name:  Monitoring of point source emissions to surface waters  

 
Table 7-1: Point source emissions to surface waters performance for ETP during the reporting period and comparison with previous reporting periods 

Analyte Units 
Detecti
on 
Limit 

TWMDMP 
Limit 

2016-2017 Period 2017-2018 Period 2018-2019 Period 

Max Mean 

% 
Results 
less than 
detectabl
e limit 

Max Mean 

% 
Results 
less than 
detectabl
e limit 

Max Mean 

% 
Results 
less than 
detectabl
e limit 

Hydrocarbons      
               

Total free & dissolved 
hydrocarbons mg/L 0.5 5 3.00 0.63 51% 3.70 0.65 0% 3.20 0.64 0.00% 
Benzene mg/L 0.001  0.005 0.003 43% 0.005 0.005 0% 0.50 0.20 0.00% 
Total PAHs µg/L 0.1  <0.1 <0.1 100% 1.80 1.55 100% 1.70 1.70 0.00% 
Phenol mg/L 0.05  0.10 0.04 86% <0.05 0.03 46% 0.05 0.03 80.00% 
Metals    

Total chromium µg/L 5  <5 <5 100% <5 2.50 100% <5 2.50 100.00% 
Chromium (VI) µg/L 5  <5 <5 100% <5 2.50 100% <5 2.50 100.00% 
Lead µg/L 1  <5 <5 100% <5 2.50 100% <5 2.50 100.00% 
Nickel µg/L 2  3.00 1.71 43% 4.00 2.00 100% 36.00 8.60 40.00% 
Zinc µg/L 1  75.00 19.75 29% 52.00 15.75 33% 230.00 64.60 0.00% 
Cadmium µg/L 1  <1 <1 100% <1 0.50 17% <1 0.50 100.00% 
Copper µg/L 3  4.00 1.82 86% <3 1.50 100% 310.00 66.40 40.00% 
Mercury µg/L 0.1 1.4 <0.1 <0.1 100% 0.30 0.09 100% 0.05 0.05 0.00% 
Silver µg/L 10  <10 4.36 100% <10 5.00 0% <10 2.03 100.00% 
Others    
Temperature (above sea 
water temp) °C   +5 10.55 0.47 N/A 3.23 -1.33 N/A 1.04 -2.31 N/A 
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pH      8.70 8.29 N/A 8.70 8.45 N/A 8.90 8.36 N/A 
Sulphide mg/L 0.05  0.15 0.06 40% 0.05 0.03 0% 0.10 0.04 0.00% 
Total Suspended Solids mg/L 2  58.00 6.96 54% 39.00 4.88 61% 49.00 5.77 55.71% 
Total Organic Carbon mg/L 5  12.00 7.50 17% 11.00 4.25 83% 5.00 3.80 80.00% 
Process Additives    

MEG mg/L 10  14.00 5.14 98% <10 5.00 100% 10.00 10.00 0.00% 
a-MDEA mg/L 15 17 7.50 7.50 0% 7.50 7.50 0% 7.50 7.50 0.00% 
Nutrients    

Total Phosphorous mg/L 0.5  4.70 2.21 0% 5.10 1.83 0% 8.70 3.29 0.00% 
Total Nitrogen mg/L 0.1  7.60 1.96 1% 6.80 1.74 1% 23.20 8.67 2.86% 
Ammonia nitrogen (as N) mg/L 1  6.56 0.67 91% 3.16 0.56 97% 5.66 1.27 0.00% 
Total Kjeldahl-N (as N) mg/L 0.2  1.30 0.66 0% 1.80 1.00 0% 4.10 2.14 0.00% 
^ Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values.  
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There are multiple sources of flow to the Effluent Treatment Plant (ETP), which processes waste 
water prior to discharge via W1. These include multiple drain systems, demineralised water plant 
waste, and produced water from the Pluto reservoir which is separated from the MEG stream. 
While all inflow to the ETP is treated in accordance with the Environment Protection Authority 
approved Pluto LNG Project Treated Waste Water Marine Discharge Management Plan, water 
quality parameters fluctuate according to inflow volume and quality which vary with plant activities. 
No significant changes to ETP operation or discharge procedures occurred during the reporting 
period.  

7.2. Reporting under the Treated Waste Water Marine Discharge Management 
Plan 

In accordance with section 7.1 of the TWMDMP [XA0000AH0029], further performance of the 
effluent treatment plant is presented in this section 

7.2.1. Volumes of treated waste water discharged from W1 
The volume of treated water discharged from the ETP Final Inspection Tanks to the Multi User 
Brine Return Line for the reporting period is presented in Table 7-2 against discharge volumes for 
previous years. 
 

Table 7-2: Volumes of water discharged to the Multi User Brine Return Line 

Reporting period Volume discharged (m3) 

2013-2014 81791 

2014-2015 97608 

2015-2016 90573 

2016-2017 102163 

2017-2018 84397 

2018-2019 60586 
 
The volume of treated water discharged was consistent with previous years.  Some reduction is 
evident due to increased availability of the wastewater reuse package. 

7.2.2. Application of contingency wastewater management 
The TWMDMP describes contingency management strategies to be applied when waste water in 
the final inspection tanks is found to be outside the discharge specification. 
 
No contingency wastewater management measures were applied during the reporting period. 

7.2.3.  Whole Effluent Toxicity Testing 
Whole Effluent Toxicity (WET) testing was undertaken in accordance with Ministerial Statement 
757, Condition 7-2(4) during the reporting period. In accordance with the TWMDMP, WET testing 
results are provided in this report. Analytical methods utilised in the conduct of WET testing are 
summarised in Table 7-1. 

 
Table 7-1: WET testing analysis summary 

 
Test Species Life Stage Test Duration and 

End-Point 
Test Classification Protocol 

Microalga 
(Tisochrisis lutea) 

- 72-hour growth rate 
(cell yield) 

Chronic ESA SOP 110 (ESA, 
2016). Based on 
Stauber et al. 1994 
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Macroalga 
(Ecklonia radiata) 

Gametophyte 14-day growth rate Chronic ESA SOP 116 (ESA, 
2009). Based on 
Bidwell et al. 1998 
and Burridge et al. 
1999 

Sea Urchin 
(Heliocidaris 
tuberculata) 

Gamete 1-hour fertilisation 
rate 

Chronic ESA SOP 104 (ESA, 
2014a). Based on 
USEAP 2002. Simon 
and Laginestra 1997 

Sea Urchin 
(Echinometra 
mathaei) 

Larvae 72-hour development 
rate 

Chronic ASTM (2012( E1563 

Milky Oyster 
(Saccostrea echinata) 

Larvae 48-hour development 
rate 

Chronic ESA SOP 106 (ESA, 
2014b). Based on 
APHA (1998) and 
Krassoi (1995) 

Copepod 
(Gladioferens 
imparipes) 

Larvae 7-day development Chronic ISO (2015) 16778 

Sea anemone 
(Aiptasia pulchella) 

Pedal lacerate 8-day development Chronic ESA SOP 128 (ESA, 
2014c). Based on 
Howe et al. (2014) 

Fish (Barramundi) 
(Lates calcarifer) 

Larvae 7-day 
imbalance/biomass 

Chronic ESA SOP 122 (ESA, 
2017). Based on 
USEAP (2002) 

 
Woodside collected a representative sample of treated effluent, prior to discharge at emissions 
point W1 (via the ETP final inspection tank) on 24 September 2018 and conducted a suite of 
sampling, including toxicity and chemical characterisation. The results of this analysis are 
summarised in Table 7-2. 

 
Table 7-2: Whole Effluent Toxicity (WET) testing results from samples taken on 24 September 2018.  
Results in percentages indicate the concentration of treated effluent required to cause the specified 
effect (or no effect) 
Test EC10 or IC10 EC50 or IC50 NOEC LOEC 
72-hour microalga growth 
(Tisochrisis lutea) 

7.8 19.5 6.3 12.5 

14-day macroalga growth test 
(Ecklonia radiata) 

12 30.9 6.3 12.5 

1-hour sea urchin fertilisation 
(Heliocidaris tuberculata) 

5.6 8.5 50 100 

72-hour sea urchin larval development 
(Echinometra mathaei) 

7.8 10.1 6.3 12.5 

48-hour oyster larval development  
(Saccostrea glomerata) 

6.7 9.1 6.3 12.5 

7-day copepod larval development 
(Gladioferens imparipes) 

8.9 15 12.5 25 

8-day sea anemone pedal lacerate 
development (Aiptasia pulchella) 

6.2 8.9 6.3 12.5 

7-day fish imbalance (Barramundi) 
(Lates calcarifer) 

16.1 25.4 12.5 25 

7-day fishbiomass (Barramundi) 
(Lates calcarifer) 

9.9 27.1 6.3 12.5 

 
The results from the September 2018 toxicity tests indicated EC50 values ranging from 8.5 to 
30.9% concentration of effluent. The sea urchin fertilisation test (EC50 value of 8.5% and an EC10 
value of 5.6%) was most sensitive to the effluent, while the macroalga growth test was the least 
sensitive (EC50 = 30.9% and EC10 = 12%). 
 
The guideline values derived from the species sensitivity distribution (SSD) in 2018 included a 
concentration that is protective of 95% of species (PC95) = 5.6% effluent and a concentration 
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which is protective of 99% of species (PC99) = 5.2% effluent and corresponding safe dilution 
estimates to achieve these concentrations of 1 in 19 and 1 in 20 respectively. Therefore, the 
number of dilutions of wastewater which would be required to meet a high level of ecological 
protection (99% species protection) which is the objective of the TWWMDMP at the edge of the 
mixing zone (as approved in the TWWMDMP) was 1 in 20.  
 
The actual discharge outfall provides worst case dilution of 1:56 immediately at the diffuser (based 
on Water Corporation Modelling amended December 2015), readily achieving dilutions required to 
bring the treated effluent below all tested toxicity thresholds even prior to further dilution in the 
mixing zone. 
 
All tests exhibited some toxicity but when the safe dilutions for 95% species protection for each 
year were compared in control charts there was no significant difference between toxicity exhibited 
over the years. Overall, the six years of WET testing consistently showed that the toxicity of the 
effluent samples has been low. There have been slight differences in the chemical composition of 
the effluent that may have caused the minor differences in toxicity observed between years. 
 
Results of 2018 WET testing for chemical constituents expected to govern toxicity as described in 
the TWMDMP were: 

• Total Petroleum Hydrocarbons present in the treated effluent samples were below the limit 
of detection 

• Aromatic hydrocarbons were below the limit of detection 
• Poly-aromatic hydrocarbons were below the limit of detection 
• Activated methyldiethanolamine (aMDEA) was below the limit of detection.  
• Mercury was below the limit of detection  

 
The Pluto ETP has demonstrated to be processing effluent as per the design intent, and the low 
toxicity of treated water indicates no changes are required to the system or operational 
management outlined in the TWMDMP. 

7.2.4. ETP Discharge Assessment against the Environment Quality 
Objectives 

Ministerial Statement 757 outlines the Environmental Quality Objectives applicable to the Pluto 
ETP discharges into Mermaid Sound. The TWMDMP sets out the monitoring and management 
regime approved by the OEPA to assess performance against these objectives, with appropriate 
contingency measures if required. 
 
ETP performance during the period, as explored through review of trended results and WET 
testing outcomes has been considered as part of an assessment in the context of the 
Environmental Quality Objectives. This assessment, in the presence of low toxicity observed in the 
reporting period and the highly consistent results, supports that the operational discharge criteria 
and discharge procedures applied remain suitable indications of potential contaminants governing 
toxicity. 
 
Following completion of future WET testing, results are reviewed and compared against set 
discharge criteria to achieve the approved species protection requirements at the edge of the 
mixing zone. An understanding of the permissible range of constituent concentrations can be 
determined to enable monitoring by the operations team and management (and the potential 
implementation of contingency arrangements) to ensure the defined discharge criteria are 
achieved. 
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8. POINT SOURCE EMISSIONS TO LAND 

8.1. Volume of treated waste water discharged to land 
The volume of treated water discharged from the Waste Water Treatment Plant to the irrigation 
field (Licenced Emission Point L3) for the reporting period is presented in Table 8-1Table 7-2 
against performance for previous years. 
 

Table 8-1: Volumes of water discharged to L3 
Reporting period Volume discharged (m3) 

2013-2014 None 

2014-2015 None 

2015-2016 960 

2016-2017 1285 

2017-2018 1346 

2018-2019 1165 
 
The volume of treated water discharged to L3 was slightly less than the previous period, but 
consistent with previous years. No discharge was made via Licenced Emission Points L2 or L4 
during the reporting period. 

8.2. Point Source Emissions to Land Performance 
Monitoring of discharges from L3 was conducted throughout the reporting period, in accordance 
with Table 3.4.1 of the Licence. Water quality parameter results are presented in Table 8-2, where 
multiple results were available mean values have been presented. Performance against the licence 
limits for total nitrogen and phosphorous annual loading have been calculated using average 
concentration for the year. All results were within the licence limits specified in Table 2.4.2 of the 
Licence. The Q3 quarterly sample for the monitoring of discharges from L3 was unable to be taken 
due to an unplanned outage and the Wastewater Treatment Plant being offline for the majority of 
the quarter.  The results presented in the table below represent the spot sample results taken from 
the only discharge in Q3, which occurred on 3/7/19. This sample includes all parameters of the 
quarterly analysis with the exception of the 5 Day Biochemical Oxygen Demand (BOD). It is noted 
that BOD was consistently below the specified licence limit of 20 mg/L for all quarterly samples 
when the plant was operational. 
 
The full records of analysis results during the reporting period are included in Appendix C. 
 
Table 8-2: Point source emissions to land via L3 monitoring results 

Parameter Units Detection 
Limit 

Licence 
Limit 

Q2 2018 
Average 

Q3 2018 
Average * 

Q4 2018 
Average 

Q1 2019 
Average 

Annual 
Loading 
(kg/ha) 

Total Nitrogen mg/L 0.2 
480 kg/ha 
(annual 
loading) 

93.1 73.0 73.9 64.6 29.95 

Total 
Phosphorous mg/L 0.5 

120 kg/ha 
(annual 
loading) 

8.3 6.6 10.7 9.0 3.84 

5 Day 
Biochemical 

Oxygen Demand 
mg/L 5 20 <5 Not detected <5 <5 NA 
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Total Suspended 
Solids mg/L 2 30 1.0 1.0 2.3 2.2 NA 

E. Coli cfu/100ml 1 1000 0.5 0.5 0.5 0.5 NA 

pH pH units NA 6-9 7.7 7.8 7.4 7.2 NA 

* See note above table regarding Q3 sample 
^ Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has 
been used to calculate average values.  
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8.2.1. Comparison with previous monitoring results 
The mean values recorded during the reporting period are compared with the same statistics 
from the previous two reporting periods in Table 8-. The first discharge of treated wastewater 
via Licenced Emission Point L3 occurred on 7 July 2015 and results have remained 
consistent between monitoring periods.   
 

Table 8-3: Comparison of point source emissions to land via L3 with previous periods 

Analyte Units Detection 
Limit 

2016/2017 2017/2018 2018/2019 

Average* 
% Below 
detection 

limit 
Average* 

% Below 
detection 

limit 
Average 

% Below 
detection 

limit 

Total 
Nitrogen kg/ha 0.2 57.8 0 36.9 0 29.95 0 

Total 
Phosphorous kg/ha 0.5 4.1 0 3.8 0 3.84 0 

5 Day 
Biochemical 
Oxygen 
Demand 

mg/L 5 <5 100% <5 100% <5 100.00% 

Total 
Suspended 
Solids 

mg/L 2 2.0 50% 1.5 32% 2.0 75.56% 

E. Coli cfu/100ml 1 1.4 83% 0.5 89% 0.5 100.00% 

pH pH units NA 6.5  7.6  7.3   

 
^ Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD 
has been used to calculate average values.  
 

9. NOTIFICATIONS SUMMARY 
Notifications made to DWER in the reporting period in accordance with Licence Condition 
4.3.1, as summarised in Table 9-1.   

 
Table 9-1: Summary of notifications made to DWER during the reporting period 

Licence 
Condition or 

table (if 
relevant) 

Parameter Notification 
requirement 

Notification 
Date Reference 

2.2.5 

Start up, shut down or 
upset conditions of the 
LNG plant with actual or 
expected dark smoke 
emissions in excess of 
target. 

As soon as practicable 
but no later than 5 pm 
of the next usual 
working day. 

02/08/2018 

Notification of unplanned LNG train 
trip and subsequent flaring. No 
target exceedance subsequently 
observed. Woodside ID 
1400817516 

2.2.5 

Start up, shut down or 
upset conditions of the 
LNG plant with actual or 
expected dark smoke 
emissions in excess of 
target. 

As soon as practicable 
but no later than 5 pm 
of the next usual 
working day. 

07/02/2019 

Notification of unplanned LNG train 
trip and subsequent flaring. No 
target exceedance subsequently 
observed. Woodside ID 
1401166617 
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APPENDIX A – ANNUAL AUDIT COMPLIANCE REPORT 2018-2019 
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APPENDIX B - MONITORING UNDER THE AIR QUALITY MANAGEMENT PLAN 
 

Emission Point Licence 
Ref Emission Point Tag Sample Date Averaging 

Period NOx (mg/m3) SO2 (mg/m3) CO (mg/m3) BTEX 
(mg/Nm3) H2S (mg/Nm3) 

A1 PGP 1A-1410 EXH 12/06/2018 >30 min 40 <14 24.9 Not detected Not detected 

A2a, North Stack PGP 1A-1430 NTH 12/06/2018 >30 min 41 <14 8.8 Not detected Not detected 

A2b, South Stack PGP 1A-1430 STH 12/06/2018 >30 min 38 <14 7.8 Not detected Not detected 

A3a, North Stack - 
Exhaust PGP GTG4001 EXH The turbine exhaust (this stack) was not in operation during sampling time. All emissions from 

PGP GTG4001 were via the waste heat recovery unit (A3b). Not detected Not detected 

A3b, South Stack - 
WHRU PGP GTG4001 WHRU 14/06/2018 >30 min 26 <14 3.3 Not detected Not detected 

A4a, North Stack - 
Exhaust PGP GTG4002 EXH 29/06/2018 >30 min 19 <14 <2.5 Not detected Not detected  

A4b, South Stack - 
WHRU PGP GTG4002 WHRU The waste heat recovery unit for GTG4002 (this stack) was not in operation during sampling time. 

All emissions from PGP GTG4002 were via the exhaust stack (A4a) Not detected Not detected 

A5 PGP GTG4003 EXH 14/06/2018 >30 min 29 <14 <2.5 Not detected Not detected 

A6 PGP GTG4004 EXH 12/09/2018 >30 min 39 <14 <2.5 Not detected Not detected 

A7 RTO Exhaust stack PGP 1A-1251-B2 EXH 12/09/2018 >30 min 22 <14 3547.5 5.15 0.007 
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APPENDIX C – POINT SOURCE DISCHARGE TO SURFACE WATER 
ANALYSIS RESULTS 
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Analyte Units Detection Limit 

                                    

3/04/2018 9/04/2018 14/04/2018 22/04/2018 5/05/2018 5/05/2018 10/05/2018 16/05/2018 23/05/2018 3/06/2018 10/06/2018 14/06/2018 21/06/2018 28/06/2018 30/06/2018 4/07/2018 22/07/2018 27/07/2018 

Hydrocarbons                                         

Total free and dissolved 
hydrocarbons mg/L 0.5 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Benzene mg/L 0.001 
            0.0                     0.5 

Total PAHs mg/L 0.1 
            1.7                     1.7 

Phenol mg/L 0.05 
            0.0                     0.0 

Metals     
  

                                  

Total chromium µg/L 5 
            2.5                     2.5 

Chromium (VI) µg/L 5 
            2.5                     2.5 

Lead µg/L 5 
            2.5                     2.5 

Nickel µg/L 2 
            3.0                     1.0 

Zinc µg/L 5 
            6.0                     55.0 

Cadmium µg/L 1 
            0.5                     0.5 

Copper µg/L 3 
            10.0                     1.5 

Mercury mg/L 0.0001 
            0.1                     0.1 

Silver µg/L 10 
            0.1                     5.0 

Others     
  

                                  

Temperature (above sea 
water) °C   

-5.2 -1.6 -3.0 -3.1 -4.1 -4.1 -4.2 -1.6 -0.4 -1.1 -2.0 -1.8 -0.8 -1.1 0.2 -2.3 -5.1 1.0 

pH     
8.7 8.6 8.6 8.4 8.5 8.5 8.6 8.5 8.6 8.5 8.6 8.4 8.4 8.5 8.5 8.3 8.3 8.3 

Sulphide mg/L 0.01 
            0.0                     0.0 

Total Suspended Solids mg/L 5 
5.0 7.0 2.0 2.0 2.0 2.0 3.0 6.0 11.0 11.0 4.0 11.0 6.0 3.0 3.0 2.0 2.0 3.0 

Total Organic Carbon mg/L 5 
            2.0                     4.0 

Process Additives                                         

MEG mg/L 10 
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

a-MDEA mg/L 0.01 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

Nutrients                                         

Total Phosphorous mg/L 0.2 
1.8 3.0 1.9 2.6 2.3 2.3   2.2 2.5 2.1 2.2 2.1 2.6 1.1 2.3 2.6 4.7   

Total Nitrogen mg/L 0.2 
0.1 2.3 2.0 1.6 4.4 4.4 4.7 5.5 0.1 6.0 4.8 3.6 4.0 4.8 6.4 6.9 9.3 7.7 

Ammonia nitrogen (as N) mg/L 
1 1.0 1.0 1.0 1.1 1.4 1.4   2.5 1.0 1.0 1.0 1.0 1.0 2.5 4.5 5.7 4.9   

Total Kjeldahl-N (as N) mg/L 
0.2             2.8                     2.6 
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Analyte Units Detection 
Limit 

                                    

27/07/2018 31/07/2018 4/08/2018 5/08/2018 7/08/2018 10/08/2018 13/08/2018 17/08/2018 21/08/2018 28/08/2018 3/09/2018 12/09/2018 17/09/2018 23/09/2018 25/09/2018 29/09/2018 3/10/2018 7/10/2018 

Hydrocarbons                                         

Total free and dissolved 
hydrocarbons mg/L 0.5 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Benzene mg/L 0.001 
                                    

Total PAHs mg/L 0.1 
                                    

Phenol mg/L 0.05 
                                    

Metals                                         

Total chromium µg/L 5 
                                    

Chromium (VI) µg/L 5 
                                    

Lead µg/L 5 
                                    

Nickel µg/L 2 
                                    

Zinc µg/L 5 
                                    

Cadmium µg/L 1 
                                    

Copper µg/L 3 
                                    

Mercury mg/L 0.0001 
                                    

Silver µg/L 10 
                                    

Others                                         

Temperature (above sea water) °C   
1.0 -2.6 -1.4 -2.3 0.6 -1.4 -2.1 -1.5 0.1 -1.3 -2.0 -0.9 -1.1 -0.4 0.1 -3.9 -2.0 -1.2 

pH     
8.3 8.3 8.4 8.6 8.5 8.4 8.4 8.5 8.4 8.7 8.4 8.2 8.7 8.2 8.4 8.4 8.7 8.6 

Sulphide mg/L 0.01 
                                    

Total Suspended Solids mg/L 5 
3.0 6.0 2.0 6.0 2.0 2.0 2.0 18.0 2.0 5.0 3.0 3.0 13.0 2.0 2.0 2.0 3.0 4.0 

Total Organic Carbon mg/L 5 
                                    

Process Additives                                         

MEG mg/L 10 
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

a-MDEA mg/L 0.01 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

Nutrients                                         

Total Phosphorous mg/L 0.2 
3.8 3.5 2.7 3.6 1.8 2.9 3.2 3.1 3.6 4.4 3.5 4.9 4.0 4.4 3.4 2.3 1.5 0.9 

Total Nitrogen mg/L 0.2 
7.7 9.5 8.0 2.4 0.6 7.8 10.3 9.3 6.6 5.7 2.9 6.9 5.7 5.2 10.9 10.5 8.6 2.6 

Ammonia nitrogen (as N) mg/L 
1 2.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Total Kjeldahl-N (as N) mg/L 
0.2                                     
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Analyte Units Detection 
Limit 

                                    

10/10/2018 16/10/2018 19/10/2018 23/10/2018 25/10/2018 1/11/2018 13/11/2018 16/11/2018 22/11/2018 22/11/2018 1/12/2018 11/12/2018 14/12/2018 18/12/2018 24/12/2018 31/12/2018 7/01/2019 12/01/2019 

Hydrocarbons                                         

Total free and dissolved 
hydrocarbons mg/L 0.5 

0.9 0.9 0.5 0.5 0.6 0.5 0.5 0.5 1.7 1.7 0.6 0.5 0.5 0.9 0.8 0.5 0.5 0.5 

Benzene mg/L 0.001                 0.5                 0.0 

Total PAHs mg/L 0.1 
                1.7                 1.7 

Phenol mg/L 0.05 
                0.0                 0.1 

Metals                                         

Total chromium µg/L 5 
                2.5                 2.5 

Chromium (VI) µg/L 5 
                2.5                 2.5 

Lead µg/L 5                 2.5                 2.5 

Nickel µg/L 2 
                2.0                 36.0 

Zinc µg/L 5 
                19.0                 230.0 

Cadmium µg/L 1 
                0.5                 0.5 

Copper µg/L 3 
                9.0                 310.0 

Mercury mg/L 0.0001 
                0.1                 0.1 

Silver µg/L 10                 5.0                 0.1 

Others                                         

Temperature (above sea water) °C   

-0.8 -3.0 -1.9 -1.9 -4.5 -2.0 -4.9 -2.1 -1.1 -1.1 -1.3 -0.3 -1.6 -2.1 -3.1 -3.9 -2.7 -8.3 

pH     
8.7 8.6 7.9 8.5 8.5 8.7 8.7 8.7 8.3 8.3 8.5 8.2 8.4 7.1 8.2 8.5 8.9 8.9 

Sulphide mg/L 0.01                 0.0                 0.0 

Total Suspended Solids mg/L 5 

6.0 13.0 4.0 2.0 4.0 6.0 14.0 6.0 2.0 2.0 11.0 9.0 5.0 7.0 6.0 9.0 7.0 7.0 

Total Organic Carbon mg/L 5 

                5.0                 4.0 

Process Additives                                         

MEG mg/L 10 
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

a-MDEA mg/L 0.01 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

Nutrients                                         

Total Phosphorous mg/L 0.2 

0.9 1.3 0.9 1.3 1.5 0.7 0.7 2.8   3.1 4.0 4.3 4.0 1.6 2.2 2.6 3.0   

Total Nitrogen mg/L 0.2 
1.3 9.0 8.0 6.6 6.8 9.1 14.7 10.8 7.6 7.6 8.7 10.0 11.7 4.6 4.1 10.8 10.4 15.9 

Ammonia nitrogen (as N) mg/L 

1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0   1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0   

Total Kjeldahl-N (as N) mg/L 

0.2                 4.1                 0.2 
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Analyte Units Detection Limit 
                                

19/01/2019 24/01/2019 29/01/2019 8/02/2019 14/02/2019 22/02/2019 25/02/2019 1/03/2019 4/03/2019 9/03/2019 9/03/2019 13/03/2019 16/03/2019 21/03/2019 29/03/2019 29/03/2019 

Hydrocarbons                                     

Total free and dissolved hydrocarbons mg/L 0.5 
0.5 0.7 1.0 0.5 0.9 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 2.0 3.2 0.5 

Benzene mg/L 0.001 
                    0.0           

Total PAHs mg/L 0.1 
                    1.7           

Phenol mg/L 0.05 
                    0.0           

Metals                                     

Total chromium µg/L 5 
                    2.5           

Chromium (VI) µg/L 5 
                    2.5           

Lead µg/L 5 
                    2.5           

Nickel µg/L 2 
                    1.0           

Zinc µg/L 5 
                    13.0           

Cadmium µg/L 1 
                    0.5           

Copper µg/L 3 
                    1.5           

Mercury mg/L 0.0001 
                    0.1           

Silver µg/L 10 
                    0.1           

Others                                     

Temperature (above sea water) °C   
-2.8 -3.2 -2.5 -5.7 -2.8 -2.6 -2.7 -1.8 -7.9 -1.8 -2.1 -2.7 -2.5 -2.2 -4.1 -4.9 

pH     
8.1 7.9 8.0 7.7 8.2 8.3 8.3 8.2 8.3 8.1 8.2 8.2 7.9 7.9 7.8 7.9 

Sulphide mg/L 0.01 
                    0.1           

Total Suspended Solids mg/L 5 
10.0 10.0 49.0 2.0 3.0 2.0 4.0 6.0 4.0 3.0 2.0 5.0 2.0 11.0 2.0 4.0 

Total Organic Carbon mg/L 5 
                    4.0           

Process Additives                                     

MEG mg/L 10 
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

a-MDEA mg/L 0.01 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

Nutrients                                     

Total Phosphorous mg/L 0.2 
3.6 5.0 5.2 7.5 7.2 8.7 4.9 4.8 4.2 5.0   4.9 5.0 7.0 5.3 4.9 

Total Nitrogen mg/L 0.2 
12.8 13.1 10.1 12.1 19.5 23.2 15.1 17.1 12.5 14.2 16.1 16.3 14.4 18.0 19.4 15.3 

Ammonia nitrogen (as N) mg/L 
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0   1.0 1.0 1.0 1.0 1.0 

Total Kjeldahl-N (as N) mg/L 
0.2                     1.0           

^ Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values.  
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APPENDIX D – POINT SOURCE DISCHARGE TO LAND ANALYSIS RESULTS 
  

5/04/2018 
  

10/04/2018 
  

16/04/2018 
  

27/04/2018 
  

14/05/2018 
  

20/05/2018 
  

22/05/2018 
  

7/06/2018 
  

3/07/2018 
  

12/10/2018 
  Parameter Units Detection 

limit 
Licence 

Limit 

Total 
Nitrogen mg/L 0.5 

480 
kg/ha 

(annual 
loading) 52.1 51.7 60 101 113 101 129 137 73 53 

Total 
Phosphorus mg/L 5 

120 
kg/ha 

(annual 
loading) 5.7 5.5 6.3 7.3 11.1 10.3 8.2 12 6.6 6 

Biological 
Oxygen 
Demand 
external 

mg/L 5 20 

      <5    

Total 
Suspended 

Solids 
mg/L 2 30 

1 1 1 1 1 1 1 1 1 1 

E.Coli cfu/100ml 1 1000 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

pH pH units N/A N/A 8 8 8.1 8.1 7.5 7.6 7 7.4 7.8 7.9 
 

        13/10/2018 21/10/2018 30/10/2018 31/10/2018 4/11/2018 13/11/2018 14/11/2018 18/11/2018 30/11/2018 7/12/2018 

Parameter Units Detection 
limit 

Licence 
Limit                     

Total 
Nitrogen mg/L 0.5 

480 kg/ha 
(annual 
loading) 

50 42.5 114 60 84 114 107 129 110 115 

Total 
Phosphorus mg/L 5 

120 kg/ha 
(annual 
loading) 

5.5 8.1 9.6 8.3 11.5 14.1 12 13.4 15 13.1 
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Biological 
Oxygen 
Demand 
external 

mg/L 5 20 

   <5   <5    

Total 
Suspended 

Solids 
mg/L 2 30 

2 1 3 1 2 12 1 1 1 1 

E.Coli 
cfu/10

0ml 1 1000 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

pH pH 
units N/A N/A 7.5 7.4 7.3 7.1 7.8 7.8 7.2 7 6.7 7.3 

 
        12/12/2018 14/12/2018 19/12/2018 26/12/2018 2/01/2019 8/01/2019 9/01/2019 11/01/2019 17/01/2019 25/01/2019 

Parameter Units Detection 
limit 

Licence 
Limit                     

Total 
Nitrogen mg/L 0.5 

480 kg/ha 
(annual 
loading) 

98 11 10.5 11 87 8.1 9.3 81 82.4 83 

Total 
Phosphorus mg/L 5 

120 kg/ha 
(annual 
loading) 

9.3 13 14.9 7.2 10.9 3.3 8.2 9.8 9.4 2.1 

Biological 
Oxygen 
Demand 
external 

mg/L 5 20 

      <5    

Total 
Suspended 

Solids 
mg/L 2 30 

3 2 2 2 1 1 1 1 1 3 

E.Coli 
cfu/100

ml 1 1000 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5  
pH pH 

units N/A N/A 8.1 7.6 7.3 6.4 7 6.9 6.6 7 7.3 9.8 
 

        27/01/2019 2/02/2019 5/02/2019 13/02/2019 17/02/2019 21/02/2019 24/02/2019 27/02/2019 2/03/2019 6/03/2019 

Parameter Units Detection 
limit 

Licence 
Limit                     

Total 
Nitrogen mg/L 0.5 

480 kg/ha 
(annual 
loading) 

80 77 83 85 38.5 66 68 71 55 62.1 
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Total 
Phosphorus mg/L 5 

120 kg/ha 
(annual 
loading) 

8.3 9.8 31.6 1 9.5 8.5 7.4 8.8 8.8 3.6 

Biological 
Oxygen 
Demand 
external 

mg/L 5 20 

          

Total 
Suspended 

Solids 
mg/L 2 30 

1 1 1 1 1 1 1 1 1 23 

E.Coli cfu/100ml 1 1000 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

pH pH units N/A N/A 7.4 5.8 6.8 6.9 6.6 7.5 7.3 7.1 7 9.7 
 

        9/03/2019 14/03/2019 20/03/2019 26/03/2019 30/03/2019 

Parameter Units Detection 
limit 

Licence 
Limit           

Total 
Nitrogen mg/L 0.5 

480 kg/ha 
(annual 
loading) 

62 65 73 45 74.5 

Total 
Phosphorus mg/L 5 

120 kg/ha 
(annual 
loading) 

9.8 10.5 8.2 8.2 10.4 

Biological 
Oxygen 
Demand 
external 

mg/L 5 20 

 <5    

Total 
Suspended 

Solids 
mg/L 2 30 

1 1 1 3 1 

E.Coli cfu/100ml 1 1000 0.5 0.5 0.5 0.5 0.5 

pH pH units N/A N/A 6.8 6.9 6.8 6.7 6.7 

 
 
^ Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values.  
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1. EXECUTIVE SUMMARY 

This Annual Environmental Report (AER) is prepared in accordance with Condition 8(a) of the 
Licence for Prescribed Premises (L5491/1984/18) for the Woodside Onshore Gas Treatment Plant, 
referred to as the Karratha Gas Plant (KGP). The licence applies to the KGP at Withnell Bay, 
operated on behalf of the North West Shelf Project (NWSP), by Woodside Energy Ltd. 

The report summarises the nature and quantity of marine discharges and gaseous emissions for 
the reporting period 1 July 2018 to 30 June 2019, and explains trends and compliance, as 
specified in Conditions 8 (b) of the Licence.  

There were no non-compliances of licence conditions during the reporting period. 
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2. PURPOSE OF REPORT 

KGP has an operational licence (No. L5491/1984/18, the Licence) issued by the Department of 
Water and Environment Regulation (DWER) that defines annual reporting requirements and 
emissions and discharge limits for KGP operations.  

The purpose of the 2018-2019 AER is to demonstrate compliance with Conditions 8 (a), (b) and 9 
of the Licence. 

Condition 8 (a) requires the licensee to submit to the Director an annual monitoring report, which 
covers the period 1 July of the preceding year to 30 June of the reporting year. 

In accordance with Condition 8 (b) the report is required to contain: 

i. Waste gas concentration data (mg/m3) for parameters listed in column 2 of Table 1 at the 
emission points listed in column 1 of Table 1, pursuant to Condition 3 

ii. Average volume (m3) of the wastewater discharged through each of the Administration 
Drain and Jetty Outfall points per calendar month, pursuant to Condition 4 

iii. Analytical results for monitoring conducted at Jetty Outfall, as per parameters and 
frequency listed in Table 2, pursuant to condition 5(a) 

iv. Analytical results for monitoring conducted at Administration Drain, as per parameters and 
frequency listed in Table 2, pursuant to condition 5(b) 

v. Analysis of data in i-iv above against historical data to determine trends, as well as 
comparison of the data against emission limits set in the licence, to assess compliance with 
licence conditions, pursuant to Conditions 8(b) (i) (ii) (iii) and (iv). 

Compliance with the licence conditions is illustrated in Section 8. 

To address commitments made with regard to annual reporting of monitoring programs referred to 
in Ministerial Statement 536, the report also provides: 

• Analysis of results from the 2018 groundwater monitoring program 

• Summary of the Chemical and Ecological Monitoring of Mermaid Sound (ChEMMS) program 
results from 2018 
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3. PRODUCTION AND POWER GENERATION SUMMARY 

Annual production of hydrocarbon product for the 2018-2019 reporting period was 23,941,806 
tonnes. Yearly production figures by product for the past five years are included in Table 3-1. 

The total electric power generation for the reporting period was 1,503,886 MWh. This equates to 
an average of 171.7 MW against a licence design capacity total of 226.8 MW. 

 
Table 3-1: Yearly KGP production summary by product 

Annual 
Production 

July 13 – 
June 2014 

July 14 – 
June 2015 

July 15 – 
June 2016 

July 16 – 
June 2017 

July 17 – 
June 2018 

July 18 – 
June 2019 

Condensate 
3,602,834 3,300,565 3,230,027  3,570,780  3,377,060  3,625,559  

Domgas 
3,488,317 3,426,733 3,553,491  2,954,008  2,765,422  2,717,482  

LNG  
15,732,628 16,200,784 15,912,232  17,340,060  16,576,189  17,151,460  

Propane 
284,960 242,366 239,000  229,401  194,427  183,114  

Butane 
364,151 310,730 292,622  297,969  256,728  264,191  

Total Tonnes 
Product* 

23,472,890 23,481,178 23,227,372  24,392,218  23,169,826  23,941,806  

*Licence category total of 31.5 million tonnes. 

 



Karratha Gas Plant Annual Environmental Report - July 2018 To June 2019 

 

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by 
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.   

 Revision:  0   Native file DRIMS No: 1401303694 Page 7 of 30 

Uncontrolled when printed. Refer to electronic version for most up to date information. 

 

4. EMISSIONS TO AIR 

4.1 Oxides of Nitrogen (NOx) 
In accordance with Condition 8(b)(i) of the Licence, the NOx monitoring results for the 2018-2019 
reporting period at monitored emission points are presented in Appendix 1. All monitoring results 
for the reporting period were within the Licence limits specified in Table 1 of the Licence (Condition 
2). All required monitoring was completed in accordance with Condition 3.  NOx Monitoring results 
were reviewed each quarter through the reporting period to confirm concentrations were within 
Licence limits.  

Results in Appendix 1 indicate relatively consistent NOx emissions for all points. Newer equipment 
has “dry low NOx” (DLN) or “dry low emissions” (DLE) technology, and this is operated to reduce 
NOx whilst optimising power output and energy efficiency. Periodic tuning of the DLN / DLE 
equipment or power output at the time of testing can explain any variance between results. On 
older equipment without the DLN / DLE technology, the NOx emissions are proportional to 
combustion temperature. Changing duty and maintenance activities (e.g. water washing) of the 
equipment are the main contributors to the variations in the results. 

For comparison with historical data as required by Condition 8(b)(v), an emissions intensity metric 
is used. This is because the amount of NOx generated is proportional to the amount of fuel gas 
used. Generally, in years with greater production, more fuel gas is required and therefore more 
NOx is emitted. The emissions intensity metric aims to normalise NOx emissions to make them 
comparable between years with differing production. 

The NOx emissions intensity is calculated by dividing NOx emissions by total production. Yearly 
values are shown in Figure 4-1. For the 2018/19 period, the NOx emissions intensity result was 
0.29 tonnes of NOx emissions per kilo-tonne of production, representing a slight reduction from the 
2017/18 period.  
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Figure 4-1: Annual NOx emissions intensity 

Figure 4-1 shows a reduction in NOx from the 2013/14 period, which is due to improvements in the 
accuracy of the NOx calculation methodology.  Prior to 2014, the method had used a National 
Pollutant Inventory emissions estimation technique based on fuel gas consumption at the plant. 
The KGP now calculates NOx based on quarterly stack testing results and engineering 
calculations. If the new method was applied retrospectively, the data points prior to the 2013/2014 
period in Figure 4-1 would decrease by approximately 40%. 

Note that this discussion does not include the estimated NOx from flaring and diesel combustion. 
This is estimated in the National Pollutant Inventory submission and represents approximately 
4.7% of the site total. 
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4.2 Dark Smoke  
Dark smoke is the production of carbon particulates, resulting from the incomplete combustion of 
hydrocarbons during flaring. Dark smoke typically arises from the burning of heavy hydrocarbons 
when the flow of air to the combustion zone is insufficient for complete combustion. If air is 
sufficient, the combustion process is smokeless producing carbon dioxide and water vapour. 

In accordance with Condition 6 of the Licence, all smoke emissions from KGP greater than 
Ringelmann one occurring for a duration of more than 30 minutes are monitored for Ringelmann 
shade and duration using Australian Standard AS3543-1989. This monitoring data is presented in 
Table 4-1.  

In accordance with Condition 7 of the Licence, instances of smoke with a Ringelmann shade three 
or greater and for a continuous period of 30 minutes or more are required to be reported to the 
DWER. There were no reportable dark smoke events during the reporting period. 

Table 4-1: Dark smoke monitoring results 
Cause Ringelmann Shade Total Duration 
  Hours Minutes 
BOG compressor trip due to issue with recycle valve 1 3 20 
LNG5 Train Trip. Intermittent dark smoke due to Main 
Cryogenic Heat Exchanger pressure controller 

2 1 25 

Intermittent dark smoke during LNG3 restart following 
shutdown 

1 42 0 

Condensate stabilisation unit start up 
2 0 5 

Recommissioning of LNG Emergency Flare 3 0 5 
Depressure of fractionation due to unplanned outage 2 0 3 
Sweeping of flare header post draining for plant 
maintenance 

2 0 1 

Depressurising fractionation unit 3 0 3 
Fractionation unit shutdown activities 2 0 5 

Condensate stabilisation unit start up 
1 0 30 

Flaring as a result of partial domgas upset 2 0 16 
Regeneration of dehydration due to compressor outage 1 4 0 
LNG3 Train Trip. Intermittent dark smoke due to Main 
Cryogenic Heat Exchanger pressure controller 

1 0 16 

LNG 5 train trip 2 0 1 
Regeneration of dehydration due to compressor outage 2 0 25 
LNG1 trip 2 0 18 
Intermittent dark smoke during regeneration of 
dehydration due to compressor outage 1 15 45 

Multiple LNG train trip due to unplanned fractionation 
outage 1 4 10 

Restart of LNG5 1 1 15 
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5. EMISSIONS TO WATER

5.1 Wastewater discharge volumes 
The total volume in cubic metres of wastewater discharged through the Administration Drain and 
Jetty Outfall points per calendar month is presented in Table 5-1. 

Table 5-1: Monthly wastewater discharge volumes for the Administration Drain and the Jetty Outfall 

Month Admin Drain Volume 
Discharged (m3)1 

Jetty Outfall Volume 
Discharged (m3) 

Jul-18 2,404.97 1,419.71 
Aug-18 2,487.69 1,289.23 
Sep-18 2,731.68 1,009.07 
Oct-18 1,760.75 408.08 
Nov-18 3,057.44 941.53 
Dec-18 1,778.00 266.36 
Jan-19 2,823.00 1,172.76 
Feb-19 1,554.00 1,333.25 
Mar-19 1,391.00 705.82 
Apr-19 1,473.93 3,324.53 
May-19 2,322.78 335.63 
Jun-19 2,686.11 362.87 
Total 26,471.35 12,568.83 

The KGP discharges wastewater to Mermaid Sound via the T6701 Jetty Outfall and the Admin 
Drain. The water discharged from the Jetty Outfall does include rain water which falls within 
process areas and discharge volume is therefore sensitive to rainfall.  Rainfall received in late 
March during Cyclone Veronica was processed and discharged in April, resulting in high discharge 
volumes in April from the Jetty Outfall.  

Discharge from the Administration Drain is primarily comprised of treated effluent from the sewage 
treatment plant and reject wastewater from the demineralised water plant. Variation in 
administration flow volumes are primarily due to demands on demineralised water makeup 
requiring more regenerations and fluctuations in sewage system outputs.  The total volume of 
treated effluent discharged from the sewage treatment plant via the Administration Drain for the 
reporting period was 20,359m3, equating to an average daily discharge of approximately 56m3, 
which is consistent with the previous period.  The new sewage treatment plant commenced 
operation on 15 November as approved by Licence Amendment Notice 2 granted in 
November 2017.  A time series of historic monthly wastewater discharge volumes from the 
Administration Drain and the Jetty Outfall is depicted in Figure 5-1. Monthly rainfall as 
measured at the Dampier Salt Bureau of Meteorology weather station is included for comparison. 

1 Stormwater runoff from non-process areas of the plant and firewater leaks contribute to actual flow, 
however this cannot be measured and is not included in this data. 
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Discharge from the Jetty Outfall and the Administration Drain for the reporting period is within the 
range observed in recent years. Total rainfall measured for the reporting period was approximately 
117mm which is below the annual average rainfall for the area.  
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Figure 5-1: Time series of historic wastewater discharges from Administration Drain and Jetty Outfall  
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5.2 Wastewater monitoring results 
Monitoring of wastewater from the Jetty Outfall was undertaken prior to each pump out, and from 
the Administration Drain once per calendar month. Samples are taken by trained operations 
personnel or laboratory staff in accordance with the Australian Standard 5667:1998.  The majority 
of analysis is undertaken by the Woodside laboratory which holds current National Association of 
Testing Authorities (NATA) accreditation. Some testing is outsourced to external laboratories which 
are also NATA accredited for applicable tests. Methods applied are in accordance with Standard 
Methods for Examination of Water and Wastewater by the American Public Health Association. 

Analysis results for the Jetty Outfall are summarised in Appendix 2, and results for the 
Administration Drain outfall are in Appendix 3.  Wastewater discharges from both the Jetty Outfall 
and Admin Drain were reviewed each quarter through the reporting period to confirm monitoring 
parameters and controls are appropriate. Monitoring results from the Jetty Outfall for the 2018-
2019 reporting period are shown against results from earlier reporting periods in Appendix 4, and a 
similar comparison for the Administration Drain is in Appendix 5 

There are many sources of water to the Jetty Outfall throughout KGP.  Maintenance activities, 
operational changes and rainfall events influence water quality parameters, and hence explain 
variability observed in the results (shown in  Appendix 2). All water is analysed for parameters 
outlined in Table 2 of the Licence and these results are compared with internal standards prior to 
discharge. Parameters are generally consistent with previous years. Some increases in chemical 
oxygen demand within the wastewater treatment system are likely attributed to increased glycol 
(TEG) levels received from the offshore facilities and shorter basin residence time due to cyclone 
preparations.  Observations in zinc reduced compared with observations in the 2017/18 period.  
Variations in conductivity, turbidity, total suspended solids and metals are attributed to varied 
operational and maintenance activities through the reporting period. The variations are not 
considered an environmental concern at present levels based on finding of the 2018 Chemical and 
Ecological Monitoring of Mermaid Sound Program outlined in Section 7.  Furthermore, higher 
toxicity contaminants originating from process streams, such as oil and aMDEA, were low across 
the period and all discharges were within licence requirements.   

Administration Drain monitoring results shown in Appendix 3 vary predominantly with load on the 
sewage treatment plant and demineralised water system. During the reporting period the 
commissioning of the new sewage treatment plant may have also influenced variation in 
Administration Drain results.  Most parameters are within expectations and consistent with 
previous years or have decreased.  Namely, zinc, totally suspended solids and turbidity decreased 
in this reporting period compared to observations in the 2017/18 period.  Decreases in turbidity, 
total suspended solids and heavy metals are attributed to varied maintenance activities.   

Increased demand for demineralised water requires more frequent regeneration of resin beds in 
the demineralised water system. This activity results in volumes of water with the impurities 
stripped from scheme water and is usually discharged via the Administration Drain and likely 
contributes to numerous variations including that of conductivity. 
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6. GROUNDWATER MONITORING  
KGP has an existing network of groundwater monitoring bores, which were established following 
hydrogeological surveys to determine major underground flow paths and the most suitable 
locations.  

The monitoring program as defined in the KGP Groundwater Monitoring Management Plan was not 
undertaken during the 2018-19 reporting period due to a review of the monitoring program and re-
consideration of sampling timeframes with specific consideration for rainfall as possible triggers.  
The review recommended the continuation of the sampling events in approximately June and 
December, to allow for consistency and direct comparison with historical events.  Monitoring was 
undertaken in June 2018 and has since been undertaken in July 2019, with the next sampling 
event planned for November 2019.  The 2019 results will be reported in the 2019 - 2020 reporting 
period. 
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7. CHEMICAL AND ECOLOGICAL MONITORING OF MERMAID SOUND  

The Chemical and Ecological Monitoring of Mermaid Sound (ChEMMS) program commenced in 
June 1985. The program comprises the chemical and biological monitoring of the intertidal and 
subtidal environment adjacent to, and in the vicinity of Woodside’s port facilities in Mermaid Sound.  

ChEMMS is a surveillance monitoring program in which, on an annual basis, the following 
parameters are determined: 

• Contaminant concentrations (e.g. metals, hydrocarbons) in samples of sediments, oysters 
and mudwhelks. 

• Mangrove health at selected sites. 

• Coral health assessment (five yearly – last completed in 2017). 

The purpose of the program is to determine whether: 

• There are significant differences in the monitored parameters between years, which may be 
indicative of acute environmental impacts. 

• There are long-term trends in the monitored parameters that may be indicative of chronic 
environmental stress. 

In the event that the routine monitoring detects potential acute impacts or chronic stress, further 
monitoring is initiated to provide more focussed investigation around potential sources of stressors.  

In November 2018 the ChEMMS program was undertaken which included the collection of the 
following for analysis: 

• Subtidal sediment samples at KBSB, KGP and at a reference location Conzinc Bay. 

• Intertidal sediments within mangrove areas at North East Creek and No Name Bay, and at 
the reference locations Conzinc Bay, Withnell Bay, Watering Cove, Cowrie Cove, King Bay, 
North Burrup and Hearson Cove site. 

• Biota samples (Oysters and Mud whelks) at KBSB, KGP, and at reference locations Witnell 
Bay, Conzinc Bay, Watering Cove and Cowrie Cove. 

• Mangrove health parameters within areas of mangrove habitat 

7.1 Contaminant status of sub-tidal sediments 
All subtidal sediment metals in 2018 were below their respective ANZECC/ARMCANZ (2018) 
trigger levels at all sites except for a minor exceedance of nickel at one King Bay site.  A minor 
exceedance of nickel at this site also occurred in 2017. This is likely attributable to naturally high 
levels of nickel in sediments known to occur in the Pilbara region (DEC, 2006).  The 2018 results 
for all metals were also similar to values recorded from previous surveys. 

Subtidal sediment Total Petroleum Hydrocarbon (TPH) values were below the limit of reporting 
(LOR) at three sites and were low at all other sites sampled. Polycyclic Aromatic Hydrocarbons 
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(PAHs) were below the LOR at all sites in 2018.  TPHs and PAHs values in 2018 were extremely 
low and below the ANZECC/ARMCANZ (2000) trigger level for PAH and CSIRO suggested trigger 
level for TPH (Simpson et al., 2013) at all sites.  As such, they are not considered an 
environmental concern at present levels. 

7.2 Contaminant status of mangrove sediments 
Within the mangrove sediments, metals were predominately below the ANZECC/ARMCANZ 
(2018) trigger levels except for exceedances observed at reference locations Withnell Bay (for 
chromium, nickel), North East Creek (for nickel), Cowrie Cove (for nickel) and King Bay (for nickel).  
Nickel concentrations have been historically high at most sites through the life of the ChEMMS 
program, however an increase in nickel levels has been noted since 2014. Reasons behind this 
increase are not immediately evident with the data available but it is not believed to be attributable 
to Woodside operations.  Previous studies of the Dampier area have also shown naturally elevated 
levels of chromium present (DEC 2006). A review of the ChEMMS program has been completed 
with recommendations made to better understand potential fluctuations of natural metal levels in 
sediments. These recommendations will be implemented in the 2020 program and assist to 
continue to monitor and better understand these results. 

Mineralised forms of metals are not recognised as bioavailable due to not easily dissolving in the 
water or during passage through an organism gut. Comparisons between total metal 
concentrations and dilute acid extractable metals provide information as to what extent metals are 
mineralised. The low amounts of bioavailable nickel and mercury is a positive outcome, as while 
there is a notable presence of these metals in the mangrove sediment, the amount which is 
available to be absorbed by benthic biota, including surface-dwelling filter feeders (oysters) and 
grazers (mud whelks) as well as rooted plants (mangroves), is well below the ANZECC/ARMCANZ 
(2018) guideline triggers levels. As such, there is no immediate risk to the receiving environment 
from these concentrations of metals.  

Total TPH concentrations in mangrove sediments in 2018 were higher than 2017 levels at some 
sites (Conzinc Bay, No Name Bay Drain, Watering Cove and North Burrup) and lower at others 
(Withnell Bay, No Name Bay, Cowrie Cove, North East Creek and King Bay). TPH concentrations 
ranged in 2018 were all below the CSIRO suggested trigger level for TPH (Simpson et al 2013). 

Sulphide results in 2018 were generally similar to previous years, with sites showing a minor 
increase (King Bay, North Burrup and Withnell Bay).  

7.3 Contaminant status of North East Creek Sediments  
Metal concentrations in North East Creek sediments were below the relevant ANZECC/ARMCANZ 
(2018) trigger levels at all sites except for exceedances of trigger levels for cadmium, mercury and 
zinc. This is similar to the 2017 results.  

While recoverable mercury concentration exceeded the trigger level at five sites in 2018, mercury 
dilute extraction and methyl mercury testing results for all sites were below their respective LORs 
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in 2018 and showed that the bioavailability of mercury in the sediments was below the trigger level 
across all sites.  

TPH concentrations in North East Creek sediments in 2018 were all below the NAGD screening 
level except for exceedances at two sample sites. Concentrations of PAHs at all sites were below 
the ANZECC/ARMCANZ (2018) trigger level.  All North East Creek sites were below the LOR 
BTEX in 2018. 

7.4 Contaminant status of oysters 
Oysters were sampled at the subtidal sediment locations across fifteen sites in 2018.  Cadmium, 
lead, and mercury concentrations were below their respective Food Standards Australia New 
Zealand (FSANZ) maximum levels in 2018 and similar to levels observed in 2017.  

Copper and Zinc were above the Food Standards Australia New Zealand (FSANZ) Generally 
Expected Levels (GEL) at most sites, which follows a similar trend to previous years.  Copper 
concentrations over the monitoring period have fluctuated each year, with an overall increase since 
1985. In 2018, copper concentrations in oysters were similar to 2017 with increases seen at a 
small number of sites. There is no FSANZ maximum level for copper, however, the GEL 
concentration has been exceeded for most years at all sites, including in 2018. The exception to 
this in the newly monitored 2017 reference sites North Burrup, Watering Cove and Hearson Cove, 
where concentrations were below the FSANZ GEL in both 2018 and 2017.  

There are no maximum levels or GELs for chromium and nickel, and these results generally 
showed a slight fluctuation at all sites in 2018 compared to results from the previous years, with 
some sites increasing and some decreasing.  In 2018 TRHs concentrations at all sites were below 
the LORs.   PAHs values for many sites were under the LOR with some slight increases since 
2017 at some sites, but values still remained low. 

7.5 Contaminant status of mudwhelks 
Mudwhelks were collected across five sites, including Withnell Bay, Conzinc Bay, Cowrie Cove, 
Watering Cove and North East Creek.  The metal concentrations were analysed and were all 
below the respective FSANZ maximum levels or GELs where available.  There are no maximum 
levels or GELs for chromium and nickel.  Total recoverable hydrocarbons (TRHs) concentrations at 
all sites were below the LORs and PAHs values across the sites were low. 

7.6 Mangrove monitoring 
Mangrove health was assessed in 2018 at the seven monitoring sites.  The seven sites include two 
impact sites and five reference sites. 

Species coverage in the plots had little variation, with most sites having 100% same species 
composition. Rhizophora dominated plots had a higher mixed assemblage. Bruguiera, was only 
recorded at Conzinc Bay within a Rhizophora plot. 
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In 2018, budding/flowering/fruiting was only recorded within Rhizophora plots at all locations 
except King Bay. Avicennia seedlings were present at North East Creek, Conzinc Bay and King 
Bay. 

Insect damage was low, with most sites having an average of 0-25% insect damage present. Dust 
coverage was also low at all sites. Only two sites (one each at No Name Bay and Withnell Bay) 
recorded yellowing leaves percentage greater than 10%.  Generally, trees at both these sites did 
appear healthy despite an elevated number of yellowing leaves. 

When comparing impact sites with reference sites since 2014, all sites showed decreases and 
increases in canopy cover. Therefore, these changes are likely due to natural variation rather than 
related to works occurring near the impact sites.  No mangrove health parameters monitored 
indicated any impacts that could be attributed to the Woodside operations at the facilities used for 
the North West Shelf Venture. 

7.7 Aerial Survey 
Since 2016, aerial drone surveys have been undertaken at selected mangrove sites to determine 
the Normalised Difference Vegetation Index (NDVI), whereby monitoring mangrove health. NDVI is 
created by combining measured intensities in Red (630 to 690 nm) and Infrared (760 to 900 nm) 
bands. NDVI can been used to assess a number of biological markers including; chlorophyll 
content, leafy green biomass, and leaf area. NDVI data can also be used to monitor seasonal and 
annual changes in vegetation growth (canopy cover), which can be used to infer vegetation health.  
The trigger threshold is usually described as a minimum vegetation index (MVI). If NDVI data fall 
below the MVI value it is inferred that there may be an environmental impact to the mangroves. An 
MVI can only be set once representative data are compiled to ensure natural and seasonal 
variation can be accounted for, typically 5 years of data are used to define an MVI. An MVI can be 
further refined over time (i.e. as more valid data become available). MVI’s are usually set at a 
specific percentage below the lowest mean NDVI value recorded at a specific site. The MVI health 
of a mangrove site (area) is usually referred to in Area > MVI, either in hectares or in percentage 
area of the site. 

NDVI values obtained from drone images in 2018 were quite similar to the 2017 survey. Both 2017 
and 2018 NDVI values were much higher than 2016 data. The likely causes in the marked increase 
of NDVI values across all sites during 2017 and 2018 (when compared to 2016) is seasonal 
variation in canopy cover.  The 2017 and 2018 surveys were undertaken approximately 4 weeks 
later than the 2016 survey, with new leaf growth during the spring period well documented across 
many species. In comparison to other NDVI mangrove studies, the 2017 and 2018 data looks a lot 
closer to the ‘expected’ average seen in similar environments than the 2016 data. 
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8. CONFORMANCE TO THE ENVIRONMENTAL PROTECTION LICENCE 
This section of the report illustrates measures in place and conformance to each condition of L5491/1984/18 for the 2017/18 reporting period. 
 
Table 10-1 Licence Conformance Table 

NO. LICENCE CONDITION COMMENTS 

EMISSIONS TO AIR 

1 The licensee shall operate and maintain emission sampling points 
for each emission point in column 1 of Table 1. 

In 2018/19 KGP conducted emissions sampling at the points listed 
in Appendix 1. The KGP Laboratory personnel are responsible for 
undertaking the sampling from the emission points. As part of this 
responsibility the personnel from the KGP laboratory operate and 
maintain the sampling points. Any repairs required are undertaken 
as needed. 

2 Subject to condition 2, the licensee shall not exceed the emission 
limits in column 3 of Table 1 for the parameters in column 2 of 
Table 1 at the emission points in column 1 of Table 1. 

Appendix 1 details the emission results for all samples taken in the 
2018/19 financial year. All samples were within emission limits 
during the 2018/19 reporting period. 

3 The licensee shall monitor each of the parameters listed in column 
2 of Table 1 at each of the emission points listed in column 1 of 
Table 1, at a frequency of every calendar quarter, using the 
methods listed in column 4 of Table 1. 

Appendix 1 details the emission results for all samples taken in the 
2018/19 financial year. 

NO. LICENCE CONDITION COMMENTS 

MONITORING CONDITIONS 

4 The licensee shall determine the volume of wastewater discharged 
monthly to each of the Administration Drain and the Jetty Outfall 
points. 

Table 5-1 shows the volume (m3) of waste water discharged from 
the Administration Drain and the Jetty Outfall points during the 
2018/19 reporting period on a monthly basis.   
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5(a) Subject to condition 5(c), the licensee shall conduct monitoring of 
the wastewater from the Jetty Outfall at the frequency listed in 
column 3 of Table 2, for the parameters listed in column 1 of Table 
2. 

Appendix 2 and Appendix 3 shows the monitoring results of the 
wastewater from both the Jetty Outfall and the Administration 
Drain over the reporting period of 2018/19. 

The full suite of parameters were sampled at the required 
frequency from the Administration Drain and Jetty Outfall emission 
points. 

All samples are taken by Laboratory personnel in accordance with 
condition 5(c). The KGP laboratory is NATA accredited for stack 
emissions and water sampling / analysis. 

5(b) Subject to condition 5(c), the licensee shall conduct monitoring of 
the wastewater from the Administration Drain at the frequency 
listed in column 4 of Table 2, for the parameters listed in column 1 
of Table 2. 

5(c) All samples taken in accordance with condition 5 of this licence 
shall be: 

(i) collected and preserved in accordance with the 
Australian Standard 5667:1998; 

(ii) submitted to a laboratory that holds current National 
Association of Testing Authorities accreditation for the 
parameters specified; and 

(iii) analysed in accordance with the current Standard 
Methods for Examination of Water and Wastewater-
APHA-AWWA-WEF. 

6 The licensee shall conduct monitoring to determine the 
Ringlemann Number of all dark smoke emissions of a shade 
greater than Ringlemann 1 emitted for a period of 30 minutes or 
more in any 24 hour period. 

Table 4-1: Dark smoke monitoring results displays the dark 
smoke events from KGP greater than Ringlemann 1 occurring for a 
duration of more than 30 minutes over the reporting period 
2018/19. 
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NO. LICENCE CONDITION COMMENTS 

REPORTING CONDITIONS 

7 The licensee shall provide a report to the Director of all dark smoke 
emissions of a shade greater than Ringelmann 3 emitted for a 
period of 30 minutes or more in any 24 hour period to the Director 
within 24 hours of becoming aware of such an emission. 

In the 2018/19 reporting period there were no dark smoke events 
with a Ringlemann shade greater or equal to three and which 
lasted for 30 minutes or greater. 

ANNUAL ENVIRONMENTAL REPORT 

8(a) The licensee shall submit to the Director an annual monitoring 
report, which shall cover the period from 1 July of the preceding 
year to 30 June of the reporting year, by 31 October each year. Two 
copies shall be submitted, one electronic and one hardcopy. 

See this report. 

8(b) The report required pursuant to condition 8 shall contain: 
(i) the concentration data in mg/m3 for the parameters 

listed in column 2 of Table 1 at the emission points 
listed in column 1 of Table 1, as determined pursuant to 
condition 3; 

(ii) the average volume in cubic meters of wastewater 
discharged through each of the Administration Drain 
and Jetty Outfall points per calendar month, as 
determined pursuant to condition 4; 

(iii) the analytical results for the monitoring conducted at 
the Jetty Outfall, for the parameters listed in column 1 
of Table 2, in the units listed in column 2 of Table 2, as 
determined pursuant to condition 5(a);  

(iv) the analytical results for the monitoring conducted at 
the Administration Drain, for the parameters listed in 
column 1 of Table 2, in the units listed in column 2 of 

Refer to Appendix 1 and for the concentration data of NOx from all 
emissions points listed in Table 1 of the Licence. 

Refer to Table 5-1 for the average volume in cubic meters of 
wastewater discharged through the Administration Drain and the 
Jetty Outfall per calendar month. 

Refer to Appendix 4 and Appendix 5 for a 2008-2019 historical 
comparison of the average volume in cubic meters of wastewater 
discharged through the Administration Drain and the Jetty Outfall 

Refer to Appendix 3 for the analytical results of the wastewater 
from the Administration Drain. 

Refer to Appendix 2 for the analytical results of the wastewater 
from the Jetty Outfall.  

Refer to Figure 4-1 which represents the historical trend over time 
of NOx from the KGP. 



Karratha Gas Plant Annual Environmental Report - July 2018 To June 2019 

 

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by any process (electronic or otherwise) without the specific 
written consent of Woodside. All rights are reserved.   

 Revision:  0   Native file DRIMS No: 1401303694 Page 22 of 30 

Uncontrolled when printed. Refer to electronic version for most up to date information. 

 

NO. LICENCE CONDITION COMMENTS 
Table 2, as determined pursuant to condition 5(b); and 

(v) an analysis of the data reported pursuant to conditions 
8(b)(i)(ii)(iii) and (iv) against historical data to determine 
trends, as well as a comparison of the data against the 
emission limits set in this licence to assess compliance 
with licence conditions. 

9 The licensee shall by 31 October in each year, provide to the 
Director an Annual Audit Compliance Report in the form in 
Attachment 1 to this licence, signed and certified in the manner 
required by Section C of the form, indicating the extent to which 
the licensee has complied with the conditions of this licence, and 
any previous licence issued under Part V of the Act for the 
premises, during the period beginning 1 July the previous year and 
ending on 30 June in that year. 

A signed Annual Audit Compliance Report is provided to 
Department of Water and Environmental Regulation at the time of 
submitting this report. 

EXCEEDANCE REPORTING CONDITIONS 

10(a) 

  

Subject to condition 10(b) the licensee shall, within 24 hours of 
becoming aware that an emission limit listed in column 3 of Table 1 
has been exceeded, notify the Director in writing. 

All emissions limits were met within the 2018/19 reporting period.  

 

 
10(b) The written advice required by condition 10 shall include the date 

and time at which the emission limit was exceeded. 

11 The licensee shall conduct an investigation into each exceedance 
of any emission limit listed in column 3 of Table 1 has not been 
satisfied and, within fourteen days of becoming aware of that 
occurrence, provide a written report to the Director which shall 
include: 

(i) the date, time of the exceedance; 

(ii) the reason for the exceedance; 

All emissions limits were met within the 2018/19 reporting period.  
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NO. LICENCE CONDITION COMMENTS 
(iii) the duration of the time during which the exceedance 

occurred; 

(iv) the total volume of the discharge in cubic meters, the 
average flow rate in m3/s, the average concentration in 
mg/m3 and the emissions rate in g/s over the period 
during which exceedance occurred; 

(v) corrective action taken, or planned to be taken, to 
reduce emissions to comply with the limit; and 

(vi) corrective action taken, or planned to be taken, to 
prevent a recurrence of the exceedance, including a 
timeline for the implementation of the corrective action. 
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APPENDICES 

APPENDIX 1: OXIDES OF NITROGEN (NOX) MONITORING RESULTS 
FOR POINT SOURCE EMISSIONS TO AIR 

Emission 
Point 

Licence 
Limit 
(mg/m3) Quarter Sample Date Sample Time 

Result 
(mg/m3) 

3KT1410 350 

1 23/07/2018 1:47:00 PM 110 
2 12/10/2018 12:05:00 PM 108 
3 10/01/2019 9:55:00 AM 90 
4 9/04/2019 11:56:00 AM 125 

3KT1420 350 

1 23/07/2018 2:22:00 PM 110 
2 12/10/2018 12:38:00 PM 111 
3 10/01/2019 9:13:00 AM 89 
4 9/04/2019 12:39:00 PM 120 

3KT1430 350 

1 27/07/2018 11:45:00 AM 117 
2 22/10/2018 10:19:00 AM 126 
3 10/01/2019 9:13:00 AM 97 
4 9/04/2019 11:37:00 AM 106 

3KT1440 350 

1 27/07/2018 12:26:00 PM 118 
2 19/10/2018 10:17:00 AM 123 
3 10/01/2019 9:53:00 AM 95 
4 9/04/2019 10:58:00 AM 106 

2KT1450 350 

1 2/07/2018 8:42:00 AM 99 
2 9/10/2018 12:10:00 PM 92 
3 8/01/2019 9:22:00 AM 86 
4 9/04/2019 12:16:00 PM 95 

GT4001 350 

1 26/07/2018 8:55:00 AM 150 
2 12/10/2018 9:24:00 AM 151 
3 10/01/2019 8:02:00 AM 125 
4 17/04/2019 1:28:00 AM 143 

GT4003 350 

1 26/07/2018 9:29:00 AM 95 
2 12/10/2018 9:56:00 AM 118 
3 10/01/2019 8:02:00 AM 90 
4 9/04/2019 10:55:00 AM 120 

2F2001 350 

1 13/08/2018 2:50:00 PM 80 
2 16/10/2018 11:25:00 AM 75 
3 7/01/2019 11:17:00 AM 70 
4 17/04/2019 12:45:00 PM 85 

3F2001 350 

  

Equipment was not in use during the reporting period.   
  
  

4F2001 350 

1 10/08/2018 10:31:00 AM 81 
2 12/10/2018 10:32:00 AM 102 
3 6/02/2019 11:37:00 AM 64 
4 9/04/2019 10:03:00 AM 100 

5F2001 350 1 23/07/2018 9:37:00 AM 76 
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Emission 
Point 

Licence 
Limit 
(mg/m3) Quarter Sample Date Sample Time 

Result 
(mg/m3) 

2 12/10/2018 11:04:00 AM 82 
3 7/01/2019 10:16:00 AM 69 
4 9/04/2019 10:05:00 AM 77 

6F2001 350 

1 12/09/2018 12:40:00 PM 88 
2 11/12/2018 10:12:00 AM 69 
3 5/02/2019 3:13:00 PM 62 
4 13/05/2019 12:57:00 PM 87 

4KT1410 100 

1 23/07/2018 11:17:00 AM 23 
2 9/10/2018 10:46:00 AM 23 
3 8/01/2019 8:49:00 AM 19 
4 4/04/2019 9:21:00 AM 16 

4KT1430NTH 100 

1 23/07/2018 10:31:00 AM 29 
2 9/10/2018 10:02:00 AM 31 
3 8/01/2019 8:18:00 AM 25 
4 4/04/2019 10:06:00 AM 27 

4KT1430STH 100 

1 3/07/2018 10:50:00 AM 24 
2 9/10/2018 10:04:00 AM 29 
3 8/01/2019 7:55:00 AM 25 
4 4/04/2019 10:34:00 AM 26 

GT4007 100 

1 27/07/2018 1:12:00 PM 21 
2 10/10/2018 11:03:00 AM 60 
3 7/01/2019 7:45:00 AM 13 
4 5/04/2019 10:00:00 AM 21 

GT4008 100 

1 27/07/2018 1:45:00 PM 24 
2 10/10/2018 11:42:00 AM 30 
3 7/01/2019 7:45:00 AM 19 
4 17/04/2019 2:02:00 PM 21 

GT4009 100 

1 27/07/2018 2:23:00 PM 33 
2 10/10/2018 10:19:00 AM 24 
3 7/01/2019 8:19:00 AM 54 
4 5/04/2019 11:07:00 AM 37 

GT4010 100 

1 27/07/2018 3:01:00 PM 17 
2 10/10/2018 9:43:00 AM 16 
3 7/01/2019 8:52:00 AM 18 
4 5/04/2019 11:48:00 AM 30 

5KT1410 100 

1 3/07/2018 9:55:00 AM 37 
2 9/10/2018 12:13:00 PM 33 
3 8/01/2019 9:28:00 AM 27 
4 4/04/2019 10:17:00 AM 28 

5KT1430NTH 100 

1 3/07/2018 9:15:00 AM 32 
2 9/10/2018 11:30:00 AM 38 
3 8/01/2019 8:05:00 AM 35 
4 4/04/2019 9:47:00 AM 35 

5KT1430STH 100 

1 3/07/2018 8:50:00 AM 37 
2 9/10/2018 11:28:00 AM 42 
3 8/01/2019 8:39:00 AM 36 
4 4/04/2019 9:24:00 AM 35 
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APPENDIX 2: WASTEWATER MONITORING RESULTS FOR ALL DISCHARGES FROM THE JETTY OUTFALL DURING THE REPORTING PERIOD 
Jetty Outfall Parameter 

a-MDEA 
Anionic 

Surfactant 

Chemical 
Oxygen 
Demand  Conductivity Mercury pH Sulphate Sulphide 

Total 
Cadmium 

Total 
Copper Total Lead 

Total 
Nitrogen Total Oil 

Total 
Phosphorus 

External 

Total 
Suspended 

Solids Total Zinc Turbidity TEG 

Analysis Reference 
Units mg/L mg/L mg/L uS/cm ug/L   mg/L mg/L ug/L ug/L ug/L mg/L mg/L mg/L mg/L ug/L NTU mg/l 
LOR 15  3  0.1   0.005 0.1 3 20 0.5 0.5 0.5  5  10 

139536 5/07/2018 <15 1.40 50.00 687.00 <0.1 8.30 83.00 <0.05 <1 <3 <5 2.30 <0.5 0.40 4.00 <5 8.00 <10 
139584 7/07/2018 <15 1.20 34.00 691.00 <0.1 8.20 85.00 0.07 <1 <3 <5 1.90 <0.5 0.60 4.00 6.00 8.00 <10 
139922 15/07/2018 <15 1.60 <3 715.00 0.20 8.50 24.00 <0.05 <1 <3 <5 2.00 <0.5 0.20 29.00 22.00 21.00 <10 
140174 22/07/2018 <15 1.50 40.00 760.00 0.60 8.80 26.00 <0.05 <1 <3 <5 1.60 <0.5 0.40 19.00 <5 8.00 <10 
140498 30/07/2018 <15 0.89 95.00 683.00 <0.1 8.90 20.00 <0.05 <1 <3 <5 2.70 0.70 0.60 34.00 <5 11.00 <10 
140817 2/08/2018 <15 1.20 54.00 765.00 <0.1 8.20 17.00 <0.05 <1 <3 <5 2.80 <0.5 0.70 27.00 <5 19.00 <10 
141103 7/08/2018 <15 1.10 68.00 848.00 <0.1 7.70 9.00 <0.05 <1 21.00 <5 4.20 <0.5 0.80 35.00 <5 50.00 <10 
141252 10/08/2018 <15 0.99 490.00 835.00 <0.1 7.60 9.00 <0.05 <1 <3 <5 2.00 0.60 0.50 30.00 <5 41.00 <10 
141647 22/08/2018 <15 0.87 70.00 849.00 <0.1 8.70 18.00 <0.05 1.00 <3 <5 4.50 1.20 0.50 30.00 <5 10.00 <10 
142001 31/08/2018 <15 0.39 58.00 839.00 <0.1 8.20 7.00 0.05 <1 5.00 <5 1.40 0.60 0.40 46.00 <5 16.00 <10 
142350 5/09/2018 <15 2.10 83.00 811.00 <0.1 8.30 10.00 0.07 <1 <3 <5 3.00 1.10 0.50 61.00 369.00 21.00 <10 
143405 30/09/2018 <15 2.90 150.00 700.00 <0.1 8.70 7.00 0.05 <1 <3 <5 5.30 <0.5 1.30 86.00 <10 27.00 <10 
144386 17/10/2018 <15 2.40 79.00 743.00 <0.1 8.60 7.00 <0.05 <1 <3 <5 2.50 1.40 0.40 47.00 10.00 17.00 <10 
144443 18/10/2018 <15 1.30 570.00 960.00 0.20 7.40 2.00 0.08 <1 5.00 <5 63.50 2.10 0.30 40.00 13.00 33.00 <10 
145357 5/11/2018 <15 1.80 155.00 854.00 0.40 8.50 <1 0.05 <1 <3 <5 34.50 0.70 0.40 93.00 7.00 40.00 <10 
145637 12/11/2018 <15 3.30 135.00 966.00 <0.1 8.40 2.00 0.06 <1 <3 <5 42.50 0.70 0.30 39.00 5.00 19.00 <10 
145797 14/11/2018 <15 1.50 150.00 907.00 <0.1 8.10 3.00 0.60 <1 <3 <5 28.00 1.20 0.30 46.00 12.00 21.00 <10 
146896 4/12/2018 <15 0.68 175.00 636.00 <0.1 9.00 2.00 0.05 <1 <3 <5 13.00 <0.5 0.50 102.00 34.00 22.00 <10 
148299 2/01/2019 <15 1.40 105.00 660.00 <0.1 8.90 5.00 <0.05 <1 <3 <5 4.30 0.50 0.50 34.00 8.00 14.00 <10 
148648 9/01/2019 <15 1.30 83.00 677.00 <0.1 8.70 6.00 <0.05 <1 <3 <5 7.40 <0.5 0.60 7.00 14.00 17.00 <10 
148811 13/01/2019 <15 1.50 145.00 708.00 <0.1 8.70 4.00 <0.05 <1 <3 <5 21.40 <0.5 0.30 84.00 5.00 27.00 <10 
149255 24/01/2019 <15 1.30 50.00 653.00 0.50 8.30 3.00 <0.05 <1 385.00 8.00 15.00 <0.5 0.40 23.00 13.00 11.00 <10 
149702 31/01/2019 <15 0.86 94.00 492.00 <0.1 9.00 4.00 <0.05 1.00 <3 <5 11.20 <0.5 0.50 52.00 13.00 18.00 <10 
150381 15/02/2019 <15 0.14 120.00 434.00 <0.1 8.90 3.00 <0.05 1.00 <3 <5 6.50 <0.5 0.30 62.00 11.00 20.00 <10 
150657 20/02/2019 <15 1.40 82.00 549.00 <0.1 8.60 1.00 <0.05 1.00 <3 <5 7.00 0.50 0.40 39.00 5.00 18.00 <10 
150947 27/02/2019 <15 0.17 82.00 765.00 <0.1 8.30 1.00 <0.05 <1 <3 <5 8.70 1.20 0.40 27.00 5.00 16.00 <10 
151620 10/03/2019 <15 2.40 80.00 417.00 <0.1 8.80 1.00 0.06 <1 <3 <5 6.10 <0.5 0.40 57.00 8.00 19.00 <10 
152317 26/03/2019 <15 1.10 135.00 418.00 <0.1 8.70 102.00 <0.05 <1 <3 <5 7.10 <0.5 0.20 110.00 54.00 52.00 <10 
152749 2/04/2019 <15 1.10 210.00 2240.00 <0.1 8.10 29.00 <0.05 1.00 3.00 <5 3.70 0.50 0.40 52.00 12.00 32.00 12.00 
152886 3/04/2019 <15 2.90 440.00 2560.00 0.20 7.30 6.00 4.20 <1 <3 <5 6.70 0.60 0.60 43.00 33.00 80.00 <10 
153050 5/04/2019 <15 3.10 690.00 2350.00 0.30 6.90 8.00 4.60 <1 <3 <5 21.40 3.70 0.50 45.00 21.00 90.00 <10 
153082 6/04/2019 <15 1.80 440.00 2300.00 0.40 6.10 6.00 2.00 <1 <3 <5 6.00 3.50 0.40 24.00 43.00 65.00 <10 
153138 8/04/2019 <15 1.70 480.00 2320.00 0.40 7.00 5.00 0.79 <1 <3 <5 6.40 2.60 0.50 34.00 74.00 65.00 <10 
153181 9/04/2019 <15 5.60 360.00 2220.00 0.40 7.00 5.00 1.70 <1 <3 <5 6.70 0.80 0.50 26.00 14.00 70.00 <10 
153427 15/04/2019 <15 4.30 140.00 2240.00 0.20 7.70 12.00 0.12 1.00 <3 <5 1.20 2.30 0.40 40.00 27.00 53.00 <10 
153597 18/04/2019 <15 4.80 145.00 2160.00 0.20 7.90 14.00 0.07 <1 <3 <5 4.90 <0.5 0.30 34.00 9.00 42.00 <10 
153699 21/04/2019 <15 5.20 195.00 2080.00 0.40 7.80 10.00 0.10 1.00 <3 6.00 4.40 <0.5 0.30 32.00 14.00 56.00 <10 
154019 29/04/2019 <15 4.50 150.00 2040.00 0.40 7.90 7.00 0.07 <1 <3 <5 5.40 <0.5 0.40 21.00 42.00 57.00 <10 
155111 19/05/2019 <15 1.60 65.00 2020.00 <0.1 8.40 22.00 <0.05 1.00 16.00 <5 5.10 <0.5 0.30 4.00 8.00 5.00 <10 
155968 5/06/2019 <15 1.60 105.00 1885.00 2.50 8.60 37.00 <0.05 <1 38.00 <5 3.10 0.70 0.40 50.00 55.00 32.00 <10 
156872 22/06/2019 <15 0.93 60.00 1865.00 <0.1 8.80 34.00 0.05 <1 <3 <5 3.50 <0.5 0.30 55.00 18.00 15.00 <10 
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Jetty Outfall Parameter 
a-MDEA 

Anionic 
Surfactant 

Chemical 
Oxygen 
Demand  Conductivity Mercury pH Sulphate Sulphide 

Total 
Cadmium 

Total 
Copper Total Lead 

Total 
Nitrogen Total Oil 

Total 
Phosphorus 

External 

Total 
Suspended 

Solids Total Zinc Turbidity TEG 

Analysis Reference 
Units mg/L mg/L mg/L uS/cm ug/L   mg/L mg/L ug/L ug/L ug/L mg/L mg/L mg/L mg/L ug/L NTU mg/l 
LOR 15  3  0.1   0.005 0.1 3 20 0.5 0.5 0.5  5  10 

Minimum   ND 0.14 34.00 417.00 ND 6.10 ND ND ND ND ND 1.20 ND 0.20 4.00 ND 5.00 ND 

Maximum   ND 5.60 690.00 2560.00 2.50 9.00 102.00 4.60 1.00 385.00 8.00 63.50 3.70 1.30 110.00 369.00 90.00 12.00 

Mean*  7.50 1.90 168.62 1178.10 0.21 8.21 16.01 0.37 0.60 12.78 2.72 9.53 0.79 0.45 42.12 24.61 30.88 5.17 

Standard Deviation*  0.00 1.34 162.05 707.15 0.40 0.66 23.10 1.01 0.20 59.96 1.01 12.52 0.87 0.19 24.91 57.60 21.68 1.09 

*Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average and standard deviation values. 
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APPENDIX 3: WASTEWATER MONITORING RESULTS FOR ALL DISCHARGES FROM THE ADMINISTRATION DRAIN DURING THE REPORTING PERIOD 

Administration Drain 
  
  

Parameter 

Chemical 
Oxygen 

Demand  Conductivity 
Total 

Nitrogen 
Total 

Phosphorus 
Triethylene 

Glycol pH Sulphate Sulphide 
Anionic 

Surfactant 
Total Suspended 

Solids Turbidity a-MDEA 
Total 

Copper 
Total 
Zinc 

Total 
Cadmium 

Total 
Lead Mercury Total Oil 

Units mg/L uS/cm mg/L mg/L mg/L   mg/L mg/L mg/L mg/L NTU mg/L µg/L µg/L µg/L µg/L µg/L mg/L 
Limit of Detection 3     0.5 10     0.05      15 3 5 1 5 0.1 0.5 

Date sampled Sample ID                   
9/07/2018 9:30 139162 21.00 2840.00 6.10 1.70 <10 8.10 617.00 0.05 1.30 2.00 1.00 <15 <3 8.00 <1 <5 <0.1 0.50 

13/08/2018 9:15 141299 41.00 1574.00 4.00 0.70 <10 9.20 215.00 <0.05 1.10 6.00 10.00 <15 <3 39.00 <1 <5 <0.1 3.10 

10/09/2018 9:15 142538 28.00 1509.00 6.70 1.60 <10 8.90 176.00 0.82 1.60 438.00 1.00 <15 34.00 465.00 <1 <5 <0.1 0.90 

8/10/2018 9:10 143890 590.00 1653.00 26.50 1.50 <10 8.30 190.00 <0.05 1.40 576.00 213.00 <15 58.00 832.00 1.00 <5 <0.1 1.50 

13/11/2018 9:20 145632 60.00 1322.00 48.00 0.90 <10 8.40 129.00 <0.05 1.60 441.00 80.00 <15 10.00 560.00 <1 5.00 <0.1 0.50 

11/12/2018 10:57 147119 50.00 1855.00 8.50 2.30 <10 8.70 440.00 <0.05 1.00 20.00 9.00 <15 <3 14.00 <1 <5 <0.1 0.80 

8/01/2019 11:00 148575 23.00 1087.00 16.80 2.90 <10 9.00 73.00 <0.05 1.90 110.00 4.00 <15 4.00 297.00 <1 5.00 <0.1 <0.5 

13/02/2019 9:30 150123 23.00 1129.00 23.40 3.20 <10 8.60 129.00 <0.05 1.70 9.00 1.00 <15 <3 13.00 <1 <5 <0.1 <0.5 

11/03/2019 9:30 151643 22.00 2750.00 18.10 1.90 <10 8.20 867.00 0.09 0.96 57.00 4.00 <15 3.00 49.00 <1 <5 <0.1 <0.5 

9/04/2019 9:30 153126 17.00 1504.00 8.00 0.30 <10 8.30 149.00 <0.05 1.40 2.00 1.00 <15 <3 22.00 <1 <5 <0.1 <0.5 

13/05/2019 9:45 154780 21.00 3700.00 7.80 1.00 <10 7.80 1143.00 <0.05 0.34 2.00 14.00 <15 <3 379.00 1.00 <5 <0.1 <0.5 

10/06/2019 9:50 156154 40.00 1513.00 40.20 1.90 <10 9.00 116.00 <0.05 1.40 34.00 5.00 <15 <3 40.00 <1 <5 <0.1 <0.5 

Minimum  17.00 1087.00 4.00 0.30 ND 7.80 73.00 ND 0.34 2.00 1.00 ND ND 8.00 ND ND ND ND 

Maximum  590.00 3700.00 48.00 3.20 ND 9.20 1143.00 0.82 1.90 576.00 213.00 ND 58.00 832.00 1.00 5.00 ND 3.10 
Mean*  78.00 1869.67 17.84 1.66 5.00 8.54 353.67 0.10 1.31 141.42 28.58 7.50 9.96 226.50 0.58 2.92 0.05 0.73 
Standard Deviation*  161.80 831.54 14.32 0.87 0.00 0.43 346.28 0.23 0.42 212.16 62.09 0.00 17.76 277.11 0.19 0.97 0.00 0.84 

*Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values and standard deviation. 
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APPENDIX 4: COMPARISON OF JETTY OUTFALL MONITORING RESULTS WITH HISTORIC REPORTING PERIODS 

Jetty Outfall 
Period 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18 2018/19 

Vol Disch. 19,869m3 26,506m3 12,430m3 11,907m3 6,819m3 5435m3 10960m3 16065m3 21,061m3 12,569m3 

Parameter Units Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max 

a-MDEA mg/L nd nd nd nd nd nd nd nd nd nd nd nd 0.0 0 9.1 25 ND ND 7.5 ND 
Anionic Surfactant mg/L 0.8 2.3 2.6 45 6.8 13.8 18.1 140 15.8 57 11.6 46 6.1 27 9.0 45 1.2 4.1 1.9 5.6 
Chemical Oxygen 
Demand 

mg/L 72.8 372 205.5 644 411.7 510 154.9 816 84.9 840 75 165 76.9 550 510.2 2040 85.8 500.0 168.6 690.0 

Conductivity uS/cm 3477.9 6260 3135.5 5600 4058.9 5800 3302.9 5170 1157.6 2830 2097.3 4060 1269.2 2239 1092.1 1825 676.3 1057.0 1178.1 2560.0 
Mercury µg/L nd  nd  nd  nd  nd  nd  nd  nd  0.3 10 0.1 2.7 0.4 10 1.1 32 0.1 2.4 0.2 2.5 
pH mg/L 7.9 9.2 8 9 8 8.8 8.3 8.8 7.8 9 8.1 7.5-8.9 6.9 8.9 6.9 8.9 8.1 9.0 8.2 9.0 
Sulphate mg/L 1411 3199 934 2409 1114.6 2040 947.6 2184 143.9 1031 380.5 1340 86.2 465 38.0 151 18.8 94.0 16.0 102.0 
Sulphide mg/L 9.2 89 23 73.7 38.5 73.2 18.2 102 0.8 19 4.9 43 0.3 3.2 2.3 16 0.2 2.0 0.4 4.6 
Cadmium µg/L 0.1 0.3 0.1 0.2 nd nd 0.1 0.2 0.1 2 0.3 2 0.2 1 1.1 12 0.5 1.0 0.6 1.0 
Copper µg/L 3 17 2 17 0 7 1.9 6 4.7 32 14.6 229 28.2 762 12.3 144 6.1 146.0 12.8 385.0 
Lead µg/L 1 5 0.8 6 0 7 2.2 29 N/A nd 9.9 15 1.2 19 4.2 76 2.9 16.0 2.7 8.0 
Total Nitrogen mg/L 2.7 24 3.2 21 3.6 12.9 4.5 40 2.9 10.3 4.4 16 3.0 6.7 4.0 19.2 1.9 4.8 9.5 63.5 
Total Oil mg/L 2.2 19.3 1.8 12.8 2.6 13.2 1.3 7.9 1.3 4.6 1 2.6 0.6 5.5 4.2 27.5 0.7 3.7 0.8 3.7 
Total Phosphorous mg/L 0.9 9.7 0.6 4.6 0.9 5.2 1.2 20 0.6 1.1 1.3 2.8 1.0 3.1 0.6 2.3 0.4 0.7 0.4 1.3 
Total Suspended Solids mg/L 12.7 56 19.5 69 25.7 1144 14 96 16.4 51 14.7 75 22.5 71 26.4 109 21.2 81.0 42.1 42.1 
Zinc µg/L 20 97 45 210 100 380 43.8 490 44.2 250 31.5 140 39.0 134 165.1 1042 90.9 3308.0 24.6 369.0 
Turbidity NTU 39.9 440 81.5 950 84.5 459 50.4 500 18 110 18.7 160 12.3 28 37.9 162 18.3 56.0 30.9 90.0 
Triethylene Glycol mg/L 10 10 12.1 49 56.3 354 14 310 5.5 24 5.7 34 0.0 0 9.5 56 5.4 30.0 5.2 12.0 

*Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values. 

APPENDIX 5: COMPARISON OF ADMINISTRATION DRAIN MONITORING RESULTS WITH HISTORIC REPORTING PERIODS 

Admin Drain 
Period 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/2018 2018/2019 
Vol 
Disch. 19,892m3 13,901m3 16,870m3 28,683m3 40,509m3 31,131m3 29,673m3 23,874m3 27,984m3 26,471m3 

Parameter Units Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max Average* Max 

Chemical Oxygen 
Demand mg/L 37.0 67.0 17.9 46.0 50.5 323.0 24.0 47.0 17.2 38.0 18.0 34.0 16.8 31.0 11.9 32.0 18.1 34.0 78.0 590.0 

Conductivity µS/cm 1901.0 2760.0 1807.8 2970.0 1849.6 2910.0 2239.0 6100.0 1639.3 2880.0 2380.9 4240.0 2010.6 4780.0 1715.9 2990.0 1485.2 2300.0 1869.7 3700.0 
Total Nitrogen mg/L 14.8 29.6 11.3 28.6 11.4 33.6 7.3 17.6 5.2 26.5 19.2 52.5 29.0 80.0 20.4 106.0 5.1 21.2 17.8 48.0 
Total Phosphorous mg/L 0.5 1.7 0.5 1.6 0.8 2.4 1.0 2.2 1.4 12.0 1.4 5.7 1.4 3.7 0.4 1.1 0.6 1.3 1.7 3.2 
Triethylene Glycol mg/L nd nd nd nd nd nd nd nd nd nd nd nd nd 10.0 nd nd ND ND ND ND 
pH mg/L 8.6 10.3 8.6 9.5 8.8 9.2 8.8 9.2 9.1 10.2 8.4 8.8 8.5 8.8 8.7 9.6 8.9 9.5 8.5 9.2 
Sulphate mg/L 270.4 673.0 224.8 754.0 226.8 683.0 563.3 3228.0 296.2 652.0 492.9 1372.0 319.5 1277.0 252.3 739.0 220.7 622.0 353.7 1143.0 
Sulphide mg/L 0.1 0.3 0.0 0.1 0.0 0.1 0.2 1.5 0.0 0.2 0.0 0.2 0.0 0.1 0.5 5.0 0.1 0.6 0.1 0.8 
Surfactants mg/L 1.2 5.3 45.7 520.0 4.0 8.0 19.0 42.0 17.5 48.0 7.8 43.0 9.5 60.0 8.1 31.0 1.1 1.5 1.3 1.9 
Total Suspended 
Solids mg/L 144.5 669.0 16.7 49.0 11.8 30.0 33.4 127.0 13.0 77.0 12.0 51.0 39.2 222.0 18.2 87.0 250.3 2519.0 141.4 576.0 

Turbidity NTU 55.6 301.0 3.9 13.0 4.7 9.5 8.5 36.0 4.0 15.0 5.8 22.0 7.5 40.0 4.7 21.0 68.9 701.0 28.6 213.0 
aMDEA mg/L nd nd nd nd nd nd nd nd 30.2 302.0 7.5 nd 0.0 15.0 nd nd ND ND ND ND 
Copper µg/L 11.0 67.0 5.0 12.0 4.0 12.0 3.0 6.0 4.3 25.0 3.1 8.0 2.8 14.0 2.0 4.0 9.3 74.0 10.0 58.0 
Zinc µg/L 120.0 640.0 100.0 220.0 50.0 200.0 80.0 270.0 32.5 79.0 71.3 309.0 157.3 1331.0 60.5 220.0 852.2 8002.0 226.5 832.0 
Cadmium µg/L 0.1 0.4 0.1 2.0 nd nd 0.1 0.1 0.1 0.4 nd nd nd 1.0 0.6 1.0 1.0 5.0 0.6 1.0 
Lead µg/L 3.3 nd 9.0 3.0 nd 1.0 1.0 1.0 nd nd 3.8 8.0 0.9 6.0 2.8 6.0 6.3 39.0 2.9 5.0 
Mercury µg/L         0.1 0.4 nd nd nd 0.4 0.1 0.5 0.1 0.3 0.1 ND 
Total Oil mg/L 1.2 2.7 1.2 1.8 8.4 59.9 1.3 2.8 0.9 2.9 0.5 1.2 0.5 2.5 0.9 3.2 0.3 2.0 0.7 3.1 

*Where results registered below the laboratory Limit of Detection (LOD), 50% of the LOD has been used to calculate average values. 
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