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Disclaimer

In preparing this Draft Environmental Impact Statement/Environmental Review 
and Management Programme (Draft EIS/ERMP), Chevron Australia Pty Ltd 
(Chevron) has relied on material provided by specialist consultants, government 
agencies and other third parties who are identified in the Draft EIS/ERMP. 
Chevron has not verified the accuracy or completeness of the material provided 
by these consultants, government agencies and other third parties, except where 
expressly acknowledged in the Draft EIS/ERMP. Should there be any difference 
or inconsistency between the material presented in this Draft EIS/ERMP and 
that in any third-party document referred to herein (including assessments, 
findings, opinions, project descriptions, proposed management measures and 
commitments), the material presented in the Draft EIS/ERMP alone shall be taken 
to represent Chevron’s position.

Copyright Note

© 2010 Chevron Australia Pty Ltd. The information contained in this document is 
the property of Chevron Australia Pty Ltd and may not be used or copied in whole 
or part without its prior written consent.
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A1.1 DEWHA Guidance and Correspondence
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A1.2 EPA Guidance and Correspondence
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A1.3 Relevant International Agreements

International Agreements

China Australia Migratory Birds 
Agreement 

This Agreement recognises the special international concern for the 
protection of migratory birds and birds in danger of extinction that 
migrate between China and Australia.

Convention on the Conservation of 
Migratory Species of Wild Animals (Bonn 
Convention)

The Bonn Convention aims to improve the status of all threatened 
migratory species through national action and international 
agreements between range states of particular groups of species.

International Convention for the 
Prevention of Pollution from Ships 1973, 
as modified by the Protocol of 1978 
(MARPOL 73/78)

This Convention aims to preserve the marine environment through 
the complete elimination of pollution by oil and other harmful 
substances and the minimisation of accidental discharge of such 
substances.

International Convention on Biological 
Diversity 1992 

This Convention aims to conserve biological diversity through the 
sustainable use of its components and the fair and equitable sharing 
of the benefits arising out of the utilisation of genetic resources. This 
includes appropriate access to genetic resources and appropriate 
transfer of relevant technologies, taking into account all rights over 
those resources and technologies.

International Convention on the Control 
of Harmful Anti-fouling Systems on Ships

This Convention aims to protect the marine environment and human 
health from ill effects of anti-fouling systems on ships.

International Convention on the 
Prevention of Marine Pollution by 
Dumping of Wastes and Other Matter 
(London Convention) as modified by the 
Protocol of 1996

The Protocol prohibits the dumping of all wastes or other matter into 
the sea, other than identified categories (dredged material, sewage 
sludge, vessels and platforms, human-constructed structures at sea 
etc), subject to specific criteria being met.  

International Labour Organisation (ILO) 
Declaration on Fundamental Principles 
and Rights at Work

The aim of the declaration is to reconcile the desire to stimulate 
national efforts to ensure that social progress works in parallel with 
economic progress and the need to respect the diversity of 
circumstances, possibilities and preferences of individual countries. 

Japan Australia Migratory Birds 
Agreement 

This Agreement recognises the special international concern for the 
protection of migratory birds and birds in danger of extinction that 
migrate between Japan and Australia.

Ramsar Convention on Wetlands of 
National Importance

The Ramsar Convention encourages the designation of sites 
containing representative, rare or unique wetlands, or wetlands that 
are important for conserving biological diversity.

Republic of Korea-Australia Migratory 
Bird Agreement 

This Agreement recognises the special international concern for the 
protection of migratory birds and birds in danger of extinction that 
migrate between South Korea and Australia.

United Nations Framework Convention 
on Climate Change and the Kyoto 
Protocol 

The UNFCCC establishes a framework for the global reduction of 
six greenhouse gases (carbon dioxide, methane, nitrous oxide, 
sulphur hexafluoride hydrofluorocarbons and perfluorocarbons), for 
member countries. The Kyoto Protocol establishes emissions 
targets over the period 2008 to 2012 for 38 national governments 
and the European Union.  The Protocol also establishes 
mechanisms for the trading in international emissions rights and the 
flow of development assistance between developed and developing 
economies.

United Nations Universal Declaration of 
Human Rights

This Declaration sets the world standard for human rights, allowing 
all humans to live in dignity and be considered equal.
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A1.4 Relevant International Guidelines

♦ Air Quality Guidelines, 2nd Edition, World Health Organisation Regional Office for Europe, 2000
♦ DNV-OS-F101:2007 – Offshore Standard: Submarine Pipeline Systems
♦ International Association for Public Participation Guidelines for Best Practice in Social Impact 

Assessment
♦ ISO 14001:2004 Environmental Management Systems – Requirements with guidance for use
♦ Netherlands and United Kingdom Offshore Chemical Notification Scheme
♦ Oslo and Paris Commissions Recommendation 2000/4 on Harmonized Pre-screening Scheme for 

Offshore Chemicals 



Wheatstone Project Appendix A1 – Legislation and Regulatory Guidance Documents

54 | Chevron Australia Pty Ltd

A1.5 Relevant Commonwealth Legislation

Commonwealth Legislation

Aboriginal and Torres Strait 
Islander Heritage Protection 
Act 1984

The purposes of this Act are the preservation and protection from injury or 
desecration of areas and objects in Australia and in Australian waters, being 
areas and objects that are of particular significance to Aboriginals in accordance 
with Aboriginal tradition.

Agriculture and Related 
Resources Protection Act
1976

This Act provides for the management, control and prevention of certain plants 
and animals, for the prohibition and regulation of the introduction and spread of 
certain plants and of the introduction, spread and keeping of certain animals, for 
the protection of agriculture and related resources generally, and for incidental 
and other purposes.

Australian Heritage 
Commission Act 1975

This Act provides for the establishment of an Australian Heritage Commission.

Australian Heritage Council 
Act 2003

The purpose of this Act is to establish the Australian Heritage Council, and for 
related purposes.

Australian Maritime Safety 
Authority Act 1990

This act is to establish the Australian Maritime Safety Authority.

Australian Maritime Safety 
Authority Marine Order, Part 
32

This Order prescribes matters in relation to the loading and unloading of cargo 
and the safe transfer of persons, from ships, off-shore industry vessels and off-
shore industry mobile units.

Energy Efficiency 
Opportunities Act 2006

The purpose of this Act is to encourage more efficient use of energy by large 
energy using businesses, and for other purposes related to this.

Environment Protection and 
Biodiversity Conservation 
Act 1999

This act protects the environment, particularly Matters of National Environmental 
Significance (MNES). It streamlines national environmental assessment and 
approvals processes, protects Australian biodiversity and integrates 
management of important natural and culturally significant places.

Environment Protection 
(Sea Dumping) Act 1981

This act regulates permitted sea dumping and, under the 1996 Protocol to the 
London Convention, Australia is required to minimise its waste disposal into the 
marine environment. Approval is required under this Act for the disposal of 
dredged material at sea.

Hazardous Waste
(Regulation of Exports and 
Imports) Act 1989

This Act provides for the regulation of the export and import of hazardous waste, 
and for related purposes.

Historic Shipwrecks Act
1976

This act protects shipwrecks that have lain in territorial waters for 75 years or 
more. It is an offence to interfere with any shipwreck covered by the Act.

National Environment 
Protection Measures 
Implementation Act 1998

This act provides for the implementation of national environment protection 
measures in respect of certain activities carried on by or on behalf of the 
Commonwealth and Commonwealth authorities.

National Greenhouse and 
Energy Reporting Act 2007

This act provides for the reporting and dissemination of information related to 
greenhouse gas emissions, greenhouse gas projects, energy production and 
energy consumption.

Native Title Act 2003 This act is about native title in relation to land or waters. It provides for the 
recognition and protection of native title, establishes ways in which future 
dealings affecting native title may proceed and set standards for those dealings, 
establishes mechanisms for determining claims to native title, and provides for 
(or permits) the validation of past acts and intermediate period acts invalidated 
because of the existence of native title.
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Commonwealth Legislation

Navigation Act 1912 This act requires that ships carrying oil and chemical tankers conform to Annex I
of the International Convention for the Prevention of Pollution from Ships 
(MARPOL).

Offshore Petroleum and 
Greenhouse Gas Storage 
Act 2006

This act is about petroleum exploration and recovery, and the injection and 
storage of greenhouse gas substances in offshore areas.

Offshore Petroleum and 
Greenhouse Gas Storage 
(Environment) Regulations
2009

The object of these Regulations is to ensure that any petroleum activity or 
greenhouse gas storage activity carried out in an offshore area is carried out in 
an ecologically sustainable manner and in accordance with an appropriate 
environmental plan.

Protection of the Sea (Civil 
Liability) Act 1981

This act relates to civil liability for pollution damage.

Protection of the Sea (Civil 
Liability for Bunker Oil 
Pollution Damage) Act 2008

This act gives effect to the International Convention of Civil Liability for Bunker 
Oil Pollution Damage.

Protection of the Sea 
(Harmful Anti-Fouling 
Systems) Act 2006

This act relates to the protection of the sea from the effects of harmful anti-
fouling systems (i.e. organotin compounds, biocides).

Protection of the Sea (Oil 
Pollution Compensation 
Fund) Act 1993

This act relates to oil pollution damage and provides legal recognition of the 
1992 Fund. The Fund is in place for compensation for certain oil pollution 
damage and is implemented by the Australian Maritime Safety Authority.

Protection of the Sea 
(Powers of Intervention) Act
1981

This act authorises the Commonwealth to take measures for the purpose of 
protecting the sea from pollution by oil and other noxious substances discharged 
from ships.

Protection of the Sea 
(Prevention of Pollution from 
Ships) Act 1983

This act disallows any harmful discharge of sewage, oil and noxious substances 
into the sea and sets the demands for a shipboard waste management plan.

Quarantine Act 1908 This act implements mandatory controls in the use of seawater as ballast in ships 
and the declaration of sea vessels voyaging out of and into Commonwealth 
waters. The regulations stipulate that all information regarding the voyage of the 
vessel and the ballast water is declared correctly to the quarantine officers.

Radioactive Waste 
Management Act 2005

An Act to make provision in relation to the selection of a site for, and the 
establishment and operation of, a radioactive waste management facility, and for 
associated purposes.

Sea Installations Act 1987 This act relates to installations in the sea and their attachments. The objects of 
this act are to ensure that sea installations installed in adjacent areas are 
operated with regard to the safety of the people using them and of the people, 
ships and aircraft near them, to apply appropriate laws in relation to such sea 
installations, and to ensure that such sea installations are operated in a manner 
that is consistent with the protection of the environment.

Submarine Cables and 
Pipelines Protection Act
1963

The breaking or injuring of submarine cables and/or pipelines is a punishable 
offence under this act, and the penalties include fines and/or imprisonment.
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A1.6 Relevant Commonwealth Policies and Guidelines

Key Commonwealth policies and guidance statements applicable to the Project include:
♦ Australian and New Zealand Environment Conservation Council (ANZECC) and Agriculture and 

Resource Management Council of Australia and New Zealand (ARMCANZ) Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality (2000)

♦ Australian Dangerous Goods Code Edition 7
♦ Australian Guidelines for Water Recycling (Environment Protection and Heritage Council, the 

Natural Resource Management Ministerial Council and the National Health and Medical Research 
Council)

♦ Australian Government Carbon Pollution Reduction Scheme White Paper, 2008
♦
♦

Australian Standard 1680: 1997 – Interior Lighting

♦
Australian Standard 1742: 2009 – Manual of Uniform Traffic Control Devices 

♦

Australian Standard 1940: 2004 – The Storage and Handling of Flammable and Combustible 
Liquids

♦ Australian Standard 2885 -

Australian Standard 2436: 1981 – Guide to Noise Control on Construction, Maintenance and
Demolition Sites

♦
Pipelines - Gas and Liquid Petroleum

♦
Australian Standard 4282: 1997 – Control of the Obtrusive Effects of Outdoor Lighting 

♦
Australian Standard/New Zealand Standard 4360: 2004 – Risk Management 

♦
Austroads Guide to Traffic Engineering Practice Part 2 – Roadway Capacity

♦ Best Practice Guidelines for the Provision of Waste Reception Facilities at Ports, Marina’s and 
Boat Harbours Australia and New Zealand

Austroads Guide to the Geometric Design of Rural Roads

♦

♦ Code of Practice for Antifouling and In-Water Hull Cleaning and Maintenance

COAG Principles for Jurisdictions to Review and Streamline their Existing Climate Change 
Mitigation Measures 

♦

♦

Environment Protection and Biodiversity Conservation Act Policy Statement 1.1 Significant Impact 
Guidelines

♦

Department of Environment, Water, Heritage and the Arts Guidelines for the Content of a Draft 
Environmental Review and Management Programme/Environmental Impact Statement

♦
Guidelines for Naturally Occurring Radioactive Materials 2002

♦
Interim Biogeographic Regionalisation for Australia

♦
Interim Marine and Coastal Regionalisation for Australia
National Assessment Guidelines for Dredging 2009

♦ National Environmental Protection Measure for Ambient Air Quality – Commonwealth Monitoring 
Plan

♦
♦ National Marine Oil Spill Contingency Plan - Australia’s National Plan to Combat Pollution of the 

Sea by Oil and Other Noxious and Hazardous Substances

National Greenhouse and Energy Reporting (Measurement) Technical Guidelines 2008

♦ National Occupational Health and Safety Commission (NOHSC). Approved Criteria for Classifying 
Hazardous Substances (NOHSC: 1008 [2002]).

♦ National Occupational Health and Safety Commission Standard NOHSC 2016:1996 National 
Code of Practice for the Control of Major Hazard Facilities 

♦ National Strategy for the Management of Coastal Acid Sulphate Soils - Australian and New 
Zealand Environment Conservation Council & Agricultural and Resource Management Council of 
Australia and New Zealand (2000) 

♦ National System for the Prevention and Management of Marine Pest Incursions
♦ National Water Initiative 2004
♦
♦

National Water Quality Management Strategy

♦ Working Together to Reduce Impacts from Shipping Operations: ANZECC Strategy to Protect the 
Marine Environment

Register of the National Estate
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A1.7 Relevant Western Australian Legislation

Western Australian Legislation

Aboriginal Heritage Act 1972 This act makes provision for the preservation on behalf of the community of 
places and objects customarily used by or traditional to the original inhabitants 
of Australia or their descendants.

Aboriginal Heritage 
Regulations 1974

These regulations specify the Minister’s powers in relation to the Aboriginal 
Heritage Act 1972.

Biosecurity and Agriculture 
Management Act 2007

The purpose of this act is to provide for the control of certain organisms; 
the use of agricultural and veterinary chemicals; the identification and 
attainment of standards of quality and safety for agricultural products, animal 
feeds, fertilisers and other substances and things; the establishment of a 
Declared Pest Account, a Modified Penalties Revenue Account and accounts 
for industry funding schemes; and related matters.

Bushfires Act 1954 This act makes provision for diminishing the dangers resulting from bush fires 
and for the prevention, control and extinguishment of bush fires.

Conservation and Land 
Management Act 1984

The purpose of this act is to make better provision for the use, protection and 
management of certain public lands and waters and the flora and fauna and 
establish authorities to be responsible for such protection, and for incidental or 
connected purposes.

Contaminated Sites Act 2003 
and Regulations 2006

This act provides for the identification, recording, management and 
remediation of contaminated sites.

Coroner Act 1996 An act to establish the office of State Coroner, to provide for a State coronial 
system to inquire into Western Australian deaths, to repeal the Coroners 
Act 1920, to amend certain other Acts.

Dangerous Goods Safety Act
2004

This act relates to the safe storage, handling and transport of dangerous 
goods.

Environmental Impact 
Assessment (Part IV Division 
1) Administrative Procedures
2002

These administrative procedures set out the procedures adopted by the EPA 
for dealing with referrals and in the assessment of proposals covered by 
Division 1 of Part IV of the Act.

Environmental Protection Act
1986

This is the principal statute pertinent to environmental protection in WA. It 
gives the EPA overall responsibility for the prevention, control and abatement 
of environmental pollution and for the conservation, preservation, protection, 
enhancement and management of the environment.

Environmental Protection 
(Clearing of Native Vegetation) 
Regulations 2004

These regulations prescribe the conditions for clearing of native vegetation.

Environmental Protection 
(Controlled Waste) 
Regulations 2004

These regulations detail the appropriate management and handling of 
controlled wastes in respect to the environment.

Environmental Protection 
(Kwinana) (Atmospheric 
Wastes) Regulations 1992

These regulations set sulfur dioxide standards and limits in the Kwinana 
Industrial Area. 

Environmental Protection 
(Liquid Waste) Regulations 
1996

These regulations aim to reduce pollution caused by liquid waste, defining 
what liquid waste is and licences necessary to dispose of liquid wastes. 
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Western Australian Legislation

Environmental Protection 
(Noise) Regulations 1997

These regulations set noise limits for industry and methods for assessing and 
controlling noise.

Environmental Protection 
(Recovery of Vapours from the 
Transfer of Organic Liquids) 
Regulations 1995

These regulations set standards for recovery of vapours from the transfer of 
organic liquids, with the aim to limit pollution.

Environmental Protection 
(Unauthorised Discharges) 
Regulations 2004

These regulations specify which substances are prohibited from being 
discharged into the environment and prohibited from being burnt so as to 
discharge black smoke into the environment. 

Fish Resources Management 
Act 1994 

This act and its regulations are concerned with commercial exploitation and 
development of fisheries and marine resources. Under the Act, development 
projects must be carried out so as not to adversely impact on fisheries and 
marine resources. 

Harbours and Jetties Act 1928 This act relates to the liability of owners of ships for damage to harbours and 
jetties, and works connected therewith.

Health Act 1911 The purpose of this act is to consolidate and amend the law relating to public 
health.

Heritage of Western Australia 
Act 1990

This act provides for, and to encourage, the conservation of places which 
have significance to the cultural heritage in the State, to establish the Heritage 
Council of Western Australia, and for related purposes.

Land Administration Act 1997 
and Regulations 1998 

This act consolidates and reforms the law about Crown land and the 
compulsory acquisition of land generally.

Local Government Act 1995 This act provides for a system of local government in Western Australia. It 
aims to improve decision-making, community participation, accountability and 
efficiency in local government.

Main Roads Act 1930 The purpose of this act is to consolidate and amend the law relating to and 
making provision for the construction, maintenance, and supervision of 
highways, main and secondary roads, and other roads, the control of access 
to roads and for other relative purposes.

Marine and Harbours Act 1981 
and Marine and Harbours 
(Fuelling) Regulations 1985

This act contains regulations to control the refuelling of ships and boats and is 
administered by the Department of Planning and Infrastructure (DPI).

Maritime Archeology Act 1973 This act makes provision for the preservation on behalf of the community of
the remains of ships lost before the year 1900, and of relics associated with 
such ships.

Mining Act 1978 This act consolidates and amends the law relating to mining and for incidental 
and other purposes.

Petroleum and Geothermal 
Energy Resources Act 1967 

This act and its regulations provide for the exploration and exploitation of 
petroleum resources, geothermal energy resources and certain other 
resources within certain lands of Western Australia.

Petroleum Pipelines Act 1969 This act and its regulations provide for the exploration and exploitation of 
petroleum resources on submerged lands adjacent to the coast of Western 
Australia.
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Western Australian Legislation

Petroleum (Submerged Lands) 
Act 1982 and (Management of 
Environment) Regulations
1999

This act and its regulations provide for the exploration and exploitation of 
petroleum resources on submerged adjacent to the coast of Western 
Australia. 

Planning and Development Act
2005 

This act provides for a system of land use planning and development in 
Western Australia.

Pollution of Waters by Oil and 
Noxious Substances Act 1987 
and Regulations 1993 

This act and its regulations provide for the protection of the sea and certain 
waters from pollution by oil and other noxious substances.  This act prohibits 
the discharge of oil or noxious substances into Western Australian State 
waters, and provides for the removal of oil or any mixture containing oil from 
affected waters. The harbour authority and the DPI administer the Act.

Rights in Water and Irrigation
Act 1914

The purpose of this act is to make provision for the regulation, management, 
use and protection of water resources, to provide for irrigation schemes, and 
for related purposes.

Shipping and Pilotage Act
1967

This act relates to shipping and pilotage in and about the ports, fishing boat 
harbours and mooring control areas of the State.

Soil and Land Conservation 
Act 1945 

This act and its regulations relate to the conservation of soil and land 
resources, and to the mitigation of the effects of erosion, salinity and flooding.

Waterways Conservation Act
1976 and Regulations 1981

This act makes provisions for the conservation and management of certain 
waters and of the associated land and environment.

Western Australian Marine Act
1982

This act regulates navigation and shipping in Western Australian waters.

Western Australian Marine 
(Sea Dumping) Act 1981 and 
Regulations 1982

This act provides for the protection of the environment by regulating the 
dumping into the sea, and the incineration at sea, of wastes and other matter 
and the dumping into the sea of certain other objects.

Wildlife Conservation Act 1950 This act provides for the conservation and protection of wildlife.
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A1.8 Relevant Western Australian Policies and Guidelines

The following Environmental Protection Authority (EPA) Guidance Statements have been considered 
and applied to the EIS/ERMP where appropriate:
♦ Guidance Statement 1: Protection of Tropical Arid Zone Mangroves along the Pilbara Coastline 

(Final)
♦ Guidance Statement 2: Risk Assessment and Management: Offsite Individual Risk from 

Hazardous Industrial Plant.
♦ Guidance Statement 3: Separation Distances between Industrial and Sensitive Land 

Uses.Guidance Statement 6: Rehabilitation of Terrestrial Ecosystems.
♦ Guidance Statement 8: Environmental Noise (Draft)
♦ Guidance Statement 10: Application of Risk-based Assessment in EIA (Draft)
♦ Guidance Statement 12: Minimising Greenhouse Gases (Final)
♦ Guidance Statement 14: Road and Rail Transportation Noise (Preliminary Draft Version 3)
♦ Guidance Statement 15: Emissions of Oxides of Nitrogen from Gas Turbines (Final) 
♦ Guidance Statement 18: Prevention of Air Quality Impacts from Land Development Sites (Final)
♦ Guidance Statement 29: Benthic Primary Producer Habitat Protection for Western Australia’s 

Marine Environment (Final)
♦ Guidance Statement  33: Environmental Guidance for Planning and Development (Final)
♦ Guidance Statement 34: Linkage Between EPA Assessment and Management Strategies, 

Policies, Scientific Criteria, Guidelines, Standards and Measures Adopted by National Councils 
(Final)

♦ Guidance Statement 40: Management of Mosquitos by Land Developers (Final)
♦ Guidance Statement 41: Assessment of Aboriginal Heritage (Final).
♦ Guidance Statement 43: Guidance to Assist Proponents in Understanding the EPA’s 

Requirements in Relation to the Environmental Condition on Environmental Management Systems 
(Final)

♦ Guidance Statement 47: Assessment of Odour Impacts from New Proposals (Final)
♦ Guidance Statement 48: Groundwater Environmental Management Areas (Draft) 
♦ Guidance Statement 51: Terrestrial Flora and Vegetation Surveys for Environmental Impact 

Assessment in Western Australia.
♦ Guidance Statement 54: Consideration of Subterranean Fauna in Groundwater and Caves During 

Environmental Impact Assessment in Western Australia (Final)\
♦ Guidance Statement 54a: Sampling Methods and Survey Considerations for Subterranean Fauna 

in Western Australia (Draft)
♦ Guidance Statement 55: Implementing Best Practice in Proposals Submitted to the Environment 

Impact Assessment Process (Final).
♦ Guidance Statement 56: Terrestrial Fauna Surveys for Environmental Impact Assessment in 

Western Australia (Final).

In addition to the above listed EPA Guidance statements, the following Western Australian Policies, 
Guidelines and Strategies have been considered and applied to the EIS/ERMP where appropriate:
♦ Australian and Torres Strait Islander Commission (ATSIC), Department of Indigenous Affairs (DIA) 

and Department of Premier and Cabinet Citizens and Civics Unit – Consulting Citizens: Engaging 
with Aboriginal Western Australians 2004

♦ Australian Pipeline Industry Association Ltd Code of Environmental Practice: Onshore Pipelines 
2009

♦ Coastal Protection Policy for Western Australia
♦ Draft State Environmental (Ambient Air Policy) 2009
♦ Department of Environment and Conservation (DEC) Acid Sulfate Soils Guideline Series –

Identification and Investigation of Acid Sulfate Soils and Acidic Landscapes 2009
♦ DEC Acid Sulfate Soils Guideline Series – Treatment and Management of Acid Sulfate Soils
♦ DEC Air Quality and Air Pollution Modelling Guidance Notes
♦ DEC Contaminated Sites Guideline Management Series 2003
♦ DEC Interim Industry Guide to Community Involvement
♦ DEC Review of Waste Classification and Waste Definitions 1996 (as amended) 2005
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♦ DEC State Water Quality Management Strategy No. 6 – Implementation Framework for Western 
Australia for the Australia and New Zealand Guidelines for Fresh and Marine Water Quality 
Monitoring and Reporting (Guidelines Nos 4 & 7: National Water Quality Management Strategy)

♦ Department of Health Draft Guidelines for the Use of Recycled Water in Western Australia
♦ Department of Industry and Resources Petroleum Guidelines: Drilling Fluids Management
♦ Department of Planning and Infrastructure Transport Assessment Guidelines for Developments
♦ Department of Water Pilbara Water in Mining Guideline 2009
♦ Department of Water Operational Policy No. 5.12: Hydrogeological Reporting Associated with a 

Groundwater Well Licence 2007
♦ EPA Application of Risk-based Assessment in EIA – Draft 2009
♦ EPA Assessment Guideline 3: Protection of Benthic Primary Producer Habitat in Western 

Australia’s Marine Environment (Final)
♦ EPA Assessment Guideline 4: Towards Outcome-based Conditions (Draft)
♦ EPA Environmental Quality Management Framework for marine waters of the State
♦ EPA Guidelines for Preparing a Public Environmental Review/ Environmental Review and 

Management Programme 2008
♦ EPA Position Statement No. 2: Environmental Protection of Native Vegetation in Western 

Australia – Clearing of Native Vegetation with Particular Reference to the Agricultural Area
♦ EPA Position Statement No. 3: Terrestrial Biological Surveys as an Element of Biodiversity 

Protection
♦ EPA Position Statement No. 5: Environmental Protection and Ecological Sustainability of the 

Rangelands in Western Australia
♦ EPA Position Statement No. 8: Environmental Protection in Natural Resource Management
♦ EPA Marine Report Series 1 - Pilbara Coastal Water Quality Consultation Outcomes: 

Environmental Values and Environmental Quality Objectives
♦ Shire of Ashburton Municipal Heritage Inventory
♦ Shire of Ashburton Town Planning Scheme No. 7
♦ State Coastal Planning Policy 2.6
♦ State Industrial Buffer Statement of Planning Policy 4.1
♦ Treatment and Management of Soils and Water in Acid Sulfate Soil Landscapes – DEC 

Guidelines (Draft)
♦ van Gool, D., Tille, P. & Moore, G. 2005. Land Evaluation Standards for Land Resource Mapping,

Department of Agriculture
♦ Visual Landscape Planning in Western Australia – a Manual for Evaluation, Assessment, Siting 

and Design 2007
♦ Water and Rivers Commission Statewide Policy No. 5: Environmental Water Provisions Policy for 

Western Australia 2000
♦ Western Australian Planning Commission Planning Bulletin No. 64: Acid Sulfate Soils
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STAKEHOLDER CONSULTATION 

 
Stakeholder Identification 

The following stakeholders have been identified and consulted as part of the Project to date: 
 

Table 1: Stakeholders Identified and Consulted to Date 

Stakeholder Category Stakeholder Name 

State Government Departments and 
Agencies 
 

 Dampier Port Authority 
 Department of Commerce 
 Department of Environment and 

Conservation  
 Office of the Environmental Protection 

Authority 
 Department of Lands 
 Department for Mines and Petroleum 
 Department for Planning and 

Infrastructure 
 Department of Premier and Cabinet 
 Department of State Development 
 Department of Water 
 Department of Fisheries 
 Department of Health 
 Department of Indigenous Affairs  
 Department of Education & Training 
 Heritage Council of WA 
 Fire and Emergency Services / Onslow 

State Emergency Services 
 Pilbara Development Commission 
 Water Corporation 
 

Commonwealth Government Departments 
 

 Department of the Environment, Water, 
Heritage and the Arts 

 Department of Families, Housing, 
Community Services and Indigenous 
Affairs  

 Department of Foreign Affairs and 
Trade 

 Department of Prime Minister and 
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Stakeholder Category Stakeholder Name 

Cabinet 
 Department of Resources, Energy and 

Tourism 
State and Commonwealth Ministers 
 

 Prime Minister 
 Deputy Prime Minister 
 Treasurer 
 Minister for Education 
 Minister for Employment and 

Workplace Relations 
 Minister for Social Inclusion 
 Minister for Regional Development 
 Minister for Resources and Energy 
 Minister for Tourism  
 Minister for Environment 
 Minister for Foreign Affairs 
 Minister for Trade 
 Minister for Employment Participation 
 Minister Assisting the Prime Minister on 

Government Service Delivery 
 Parliamentary Secretary for Western 

and Northern Australia 
 Premier and Minister for State 

Development 
 Minister for Mines and Petroleum 
 Minister for Energy 
 Minister for Commerce 
 Deputy Premier 
 Minister for Health 
 Minister for Indigenous Affairs 

Native Title Holders  
 

 Thalanyji 

Other Indigenous Communities 
 

 Bindi Bindi 
 Jundaru Aboriginal Corporation 

(Peedamulla Station) 
 Other Aboriginal language groups 

eNGOs  
 

 Greenpeace 
 WA Conservation Council 
 World Wildlife Fund 
 Cape Conservation Group 

Local Government   Shire of Ashburton 
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Stakeholder Category Stakeholder Name 

  Shire of Roebourne 
Community  
 

 Karratha - Chevron Karratha 
Community Reference Group 

 Onslow-Chevron Onslow Community 
Reference Group 

 Onslow Employment Project 
 Old Onslow Committee 
 Onslow Tourism & Progress 

Association 
 Onslow Streetscape Committee 
 Volunteer Marine Rescue Group Inc 

Regional bodies 
 

 Pilbara Industry Community Council 
 Pilbara Area Consultative Committee  
 Pilbara Division of General Practice 
 Royal Flying Doctors Service 

Local industry 
 

 Ashburton Fisheries, KR Fisheries, 
Ausfish  

 BHP Billiton Petroleum 
 ExxonMobil 
 Minderoo Station (Andrew Forrest) 
 Northern Transport Company 
 Onslow Salt 
 Urala Station (BHP lease) 

Tourism operators 
 

 Recreation e.g. Scubaroo Dive, Blue 
Horizon Fishing and Diving Charters, 
Whale Shark & Dive, Warrior Princess 
Charters, Mackerel Islands, Fly Fish 
Charters, Norwest Airwork, White 
Lightening 

 Accommodation providers: e.g. Beadon 
Bay Village, Sun Chalets, Ocean View, 
Club Thevenard, Beadon Bay Hotel, 
Ku’arlu Retreat, Onslow Mackerel, 
Nikki’s restaurant 

Peak bodies 
 

 Chamber of Minerals and Energy of 
WA (CME) 

 Chamber of Commerce and Industry of 
WA (CCIWA) 

 Australian Petroleum Producers and 
Explorers Association (APPEA) 

 WA Fishing Industry Council (WAFIC) 
 Pearl Producers Association 
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Stakeholder Category Stakeholder Name 

 Charter Boat Owners and Operators 
Association (CBOOA) 

 Aquarium Specimen Collectors 
Association of WA (ASCA) 

 Professional Specimen Shell 
Fishermen’s Association of WA 
(PSSFA) 
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Limitations Statement 
 
The sole purpose of this report and the associated services performed by Sinclair Knight 
Merz (SKM) is to assess the potential ambient air quality impacts associated with the 
proposed Wheatstone Project in accordance with the scope of services set out in the 
contract between SKM and Chevron Australia (Pty) Ltd (‘the Client’).  That scope of 
services was defined by the request of the Client. 
 
SKM derived the data in this report primarily from the data provided by the Client, and the 
Australian Bureau of Meteorology.  The passage of time, manifestation of latent conditions 
or impacts of future events may require further exploration at the site and subsequent data 
analysis, and re-evaluation of the findings, observations and conclusions expressed in this 
report. 
 
In preparing this report, SKM has relied upon and presumed accurate certain information 
(or absence thereof) relative to the air quality impact assessment provided by the Client.  
Except as otherwise stated in the report, SKM has not attempted to verify the accuracy or 
completeness of any such information. 
 
The findings, observations and conclusions expressed by SKM in this report are not, and 
should not be considered, an opinion concerning the quality of the Wheatstone Project.  
No warranty or guarantee, whether express or implied, is made with respect to the data 
reported or to the findings, observations and conclusions expressed in this report.  
Further, such data, findings, observations and conclusions are based solely upon 
information, drawings supplied by the Client, and information available in the public 
domain in existence at the time of the investigation. 
 
This report has been prepared on behalf of and for the exclusive use of the Client, and is 
subject to and issued in connection with the provisions of the agreement between SKM 
and the Client.  SKM accepts no liability or responsibility whatsoever for or in respect of 
any use of or reliance upon this report by any third party. 
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Executive Summary 

Introduction
 
Chevron Australia Pty Ltd proposes to construct and operate a multi-train Liquefied 
Natural Gas (LNG) plant and a domestic gas (Domgas) plant 12 km south west of Onslow 
on the Pilbara Coast. The LNG and Domgas plants will initially process gas from fields 
located approximately 200 km offshore from Onslow in the Northern Carnarvon Basin and 
future yet-to-be determined gas fields. The project is referred to as the Wheatstone 
Project and "Ashburton North" is the proposed site for the LNG and Domgas plants. The 
Project will require the installation of gas gathering, export and processing facilities in 
Commonwealth and State Waters and on land. The LNG plant will have a maximum 
capacity of 25 million tonnes per annum (MTPA) of LNG. 
 
The Wheatstone Project has been referred to the State Environmental Protection 
Authority (EPA) and the Commonwealth Department of Environment, Water, Heritage and 
the Arts (DEWHA). The investigations outlined in this report have been conducted to 
support the environmental impact assessment process. 

Methodology 
 
The operational phase of the Wheatstone Project would result in emissions of 
atmospheric pollutants from the following sources: power generation gas turbines, 
process area gas turbines, and flaring of hydrocarbons.  Atmospheric pollutants of most 
likely significance include oxides of nitrogen, ozone (as a secondary pollutant) and 
airborne particulate matter. Emissions of the BTEX group of compounds (benzene, 
ethylbenzene, toluene and xylene) will occur however field monitoring conducted by the 
CSIRO in, and around, the Burrup Peninsula determined that there is very little 
enhancement of benzene and xylene adjacent to industrial areas when compared to 
background sites.  Based on this study the BTEX group of compounds have been 
excluded from detailed examination. There is also the potential for oxides of sulfur to be 
emitted however as the available gas composition data indicates that there is no H2S 
within the known fields emissions from these compounds have also been excluded from 
detailed examination.  
 
Air quality criteria have been taken from National Environment Protection Measure 
(NEPM), Australian Environment Council (AEC)/ National Health and Medical Research 
Centre (NHMRC), National Occupational Health and Safety Commission (NOHSC) and 
the World Health Organisation (WHO) to assess whether pollutants are harmful to human 
health or the environment.  The selected sensitive receptor for this study is the township 
of Onslow. 
 
Predictive air dispersion modelling was undertaken using the TAPM software package 
(version 4) in order to estimate the impacts of the prescribed atmospheric pollutants on 
the ambient air quality. The ‘base case’ modelling for the Chevron Wheatstone Project 
assumed five LNG trains producing 25 MTPA of gas. A further future scenario was 
modelled to assess the potential cumulative impact should an additional LNG train and 
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Domgas facility, operated by a different project developer, locate on land adjacent to the 
Chevron facility in the Ashburton North Industrial Area.  
 
Existing Air Quality 

Based on the regional setting, ambient air quality in the vicinity of Ashburton North is 
expected to be influenced by ocean sources, biogenic emissions, particulates (windblown 
dust) and regional smoke from wild fires and prescribed burning activities, including the 
potential for photochemistry activity to occur throughout much of the year. Emissions from 
bushfires have been excluded from the study due to the complexity of determining 
emissions and the difficulty in modelling the variable short term impact of fires on an 
annual basis. 
 
The modelling results predict that no exceedances of the Ambient Air Quality NEPM are 
likely to occur for any of the pollutants due to the existing sources in the region, including 
biogenic volatile organic compounds from vegetation and biogenic NOX from soil and 
water. The maximum predicted concentration for any pollutant under the existing scenario 
was for ozone, which reached 27% of the relevant NEPM standard (4-hour average). 
 
Summary of scenario modelling results 

Atmospheric dispersion modelling was conducted for the proposed plant under a series of 
scenarios including: 
 

 normal operating conditions (with and without shiploading) 
 plant start-up 
 emergency shutdown of a single train and  
 the cumulative impacts from a combined set of sources.  

 
With addition of the Wheatstone processing plant to the existing background sources, 
concentrations of all pollutants are predicted to increase under normal operating 
conditions yet remain below the applicable NEPM criteria. The most significant increase is 
predicted to occur for ozone. Under normal operating conditions with shiploading, the 
maximum predicted 4-hour average concentration for ozone, anywhere on the modelled 
grid, was 40 ppb which is below the relevant NEPM 4-hour average standard (50%).  The 
maximum predicted 4-hour ozone concentration at Onslow is predicted to be even lower 
at 43% of the NEPM criteria.   
 
Modelling of the BTEX pollutants indicate that the predicted ground level concentrations is 
very low with benzene having the highest predicted impact on the model grid at 8.4% of 
the applicable NEPM investigation level. 
 
During start-up operations the model predicts that the maximum 1-hour concentration for 
ozone, anywhere on the modelled grid, is 43 ppb.  The maximum predicted 1-hour ozone 
concentration at Onslow is predicted to be lower at 38% of the NEPM criteria during the 
start-up phase of operations. 
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During an emergency shutdown event the maximum 24-hour concentration for PM10, 
anywhere on the modelled grid, is predicted to be 44 µg/m3, which is equivalent to 87% of 
the applicable NEPM criteria. The maximum predicted 24-hour PM10 concentration at 
Onslow is predicted to be even lower at 50% of the NEPM criteria. 
 
An assessment of deposition of NO2 for the region surrounding the proposed Chevron 
Wheatstone facility, incorporating all emissions associated with existing sources and the 
proposed gas processing facility, indicates that ‘typical high’ NO2 deposition in the region 
around Onslow would be 3.8 kg/ha/annum. These levels are well within WHO (2000) 
guidelines for assessing the risks of impacts on vegetation, being 49 to 66 kg/ha/annum 
(NO2). 
 
In addition to the five train ‘base case’ scenario, dispersion modelling was also conducted 
to determine the potential cumulative air quality impacts arising from an additional LNG 
train and Domgas facility located adjacent to the proposed Chevron Wheatstone facility. 
These are to represent the Macedon and Pilbara LNG facilities, both of which are in the 
planning process (but will likely come on stream following the commencement of 
operation of the Wheatstone project). The potential ground level concentrations resulting 
from the emissions of the additional LNG train have been modelled utilising the same 
emission parameters from the fifth LNG train at the proposed Chevron Wheatstone facility 
while the Domgas facility emissions were taken as identical to that used in the 
assessment of the Apache Domgas facility at Devils Creek. The results indicate a slight 
increase in all modelled pollutants though all predicted concentrations are well within the 
applicable NEPM criteria. 
 
It is important to note that this modelling only provides an indication of the potential 
cumulative impacts of the Chevron Wheatstone facility in combination with potential 
additional gas processing facilities on adjacent land to the south. Further dispersion 
modelling will have to be conducted by the proponent/s of these facilities with more 
detailed emission characteristics. 
 
Conclusions

This air quality assessment concludes with the following key findings: 
 

 Normal and non-routine emissions from the proposed Chevron Wheatstone 
operations are not expected to cause any significant air quality impacts within the 
study area. 

 Throughout the year, no exceedances of the relevant air quality standards are 
predicted for any of the pollutants studied. 

 
Being mindful that further scientific work is required to determine uncertainties for 
modelling deposition, this assessment has predicted that the deposition of NO2 from the 
proposed gas processing facility would be small, relative to the impact assessment criteria 
employed. 
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1. Introduction 
 
1.1. Overview 
 
This report details the air quality impact assessment undertaken as part of the 
environmental approvals for the Chevron Wheatstone Project. This study comprises an 
assessment of the air quality impacts predicted from the construction and operation of the 
liquefied natural gas (LNG) development at the proposed Ashburton North hub, Western 
Australia.  
 
Chevron has engaged Sinclair Knight Merz (SKM) to provide consultancy services to 
complete the cumulative air quality assessment for this Wheatstone Project. 
 
The Wheatstone Project is described in the Environmental Impact Statement (EIS) / 
Environmental Review and Management Programme (ERMP). Selected elements of the 
project considered relevant to the air quality assessment are provided below. 
 
1.2. Description of the Project 
 
Chevron Australia Pty Ltd (Chevron) proposes to construct and operate a multi-train LNG 
plant and a domestic gas (Domgas) plant 12 km south west of Onslow on the Pilbara 
Coast. The LNG and Domgas plants will initially process gas from fields located 
approximately 200 km offshore from Onslow in the Northern Carnarvon Basin and future 
yet-to-be determined gas fields. The project is referred to as the Wheatstone Project and 
"Ashburton North" is the proposed site for the LNG and Domgas plants. The Project will 
require the installation of gas gathering, export and processing facilities in Commonwealth 
and State Waters and on land. The LNG plant will have a maximum capacity of 25 million 
tonnes per annum (MTPA) of LNG. 
 
The Wheatstone Project has been referred to the State Environmental Protection 
Authority (EPA) and the Commonwealth Department of Environment, Water, Heritage and 
the Arts (DEWHA). The investigations outlined in this report have been conducted to 
support the environmental impact assessment process. 
 
1.2.1. Construction 
 
The main infrastructure components to be constructed for the Wheatstone Project are:  
 gas treatment and liquefaction trains 
 domestic gas treatment trains 
 LNG jetty 
 LNG access channel and product loading facility 
 associated terrestrial infrastructure (utilities and support infrastructure, construction 

and operations camps, roads, etc.) 
 materials offloading facility (MOF) 
 wastewater treatment plant  
 LNG and condensate storage tanks. 
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1.2.2. Operations 
 
The proposed onshore processing facilities accommodate five trains for LNG and 
hydrocarbon condensate production processes, including: 

 gas and liquid reception (slug catcher and pig receiving) 
 condensate treatment 
 acid gas removal and dehydration 
 heavy hydrocarbon removal fractionation 
 liquefaction and refrigeration to create LNG 
 emergency flare system 
 domgas plant.  
 product storage and loading 

 
1.2.3. Air Quality Assessment Scope and Objectives 
The objectives of the air quality assessment are to review the existing air quality in the 
vicinity of the Wheatstone Project’s proposed location, establish the background air quality 
in the project area (including existing industrial sources), and provide an assessment of 
the likely future impact of atmospheric discharges on air quality during the construction 
and operational phases of the onshore facilities.  
 
The following tasks have been undertaken in order to achieve these objectives:  
 
 review of air quality issues relevant to the construction and operation of the proposal 

(Section 2). 
 outline of the health and environmental effects of various parameters of concern 

(Section 3). 
 outline of the ambient air quality criteria relevant to the proposal (Section 4). 
 analysis and description of the local meteorology (Section 5), including 

– climate 
– prevailing meteorological conditions 
– cyclones 

 analysis and description of existing ambient air quality in the region, including 
discussion on Area-based Emission Estimation for model input (Section 6). 

 a description of the meteorological and air dispersion model employed and the 
modelling methodology (Section 7). 

 estimation of emissions of oxides of nitrogen (NOX), volatile organic compounds 
(VOC), and particulate matter with an aerodynamic diameter of ten microns or less 
(PM10) from the proposal at its maximum expected level of operations and during 
upset conditions (Section 8). 

 prediction of air quality impacts by air dispersion modelling for the maximum 
operational phase of the Wheatstone Project, during upset conditions,  and for the 
cumulative air quality impacts from an additional LNG train and Domgas facility 
located in the Ashburton North Industrial Area (Section 9).  
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1.3. Abbreviations 

All abbreviations used in this report are provided in Appendix A. 
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2. Project Overview and Air Quality Issues 
 
This section briefly describes the key elements of the proposal, and places the project in 
context with its location and environmental (air quality) setting. The location of the project 
and the extent of the study area for the air quality assessment can be seen in Figure 6-1. 
The air pollutants expected to arise from the construction and operation of the LNG and 
Domgas plant at Ashburton North are also identified. 
 
2.1. Overview 
 
The Wheatstone Project will produce hydrocarbons from petroleum titles WA-253-P and 
WA-17-R, which are held 100% by Chevron. The Ashburton North site, located 12 km 
southwest of Onslow on the Pilbara coast, will consist of two 4.3 MTPA LNG processing 
trains and possibly three 5.47 MTPA LNG processing trains, for a total processing 
capability of 25 MTPA. The co-located Domgas plant will have a capacity equal to 15% of 
LNG sales, and will include onshore pipeline installation to tie in to the existing 
infrastructure of the Dampier-to-Bunbury Natural Gas Pipeline (Chevron 2009a).  
 
2.2. Project Implementation 
 
The onshore gas processing facilities are designed to treat gas to remove hydrocarbon 
liquids, water, carbon dioxide (CO2) and other impurities prior to the liquefaction of the gas 
to produce LNG. LNG, along with other separated products (condensate and stabilised 
condensate), will be stored in tanks prior to export to international markets. The treatment 
process will produce some atmospheric emissions, principally NOX, carbon monoxide 
(CO), CO2, particulate matter and volatile organic compounds (VOCs). 
 
Key project characteristics relevant to the air quality assessment are summarised in Table
2-1. 
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 Table 2-1 Project characteristics for onshore gas treatment facilities 
Description Detail 

Location Ashburton North 

Number of LNG trains 5 

Total production 25 million tonnes per annum (MTPA)  

LNG tank (cryogenic) size 4 x 180 000 m3 

Compression turbines - Process 
refrigeration power (per train) 

33 x LM6000 gas turbines, all equipped with DLE  
 

Power generation turbines 9 x LM6000 gas turbine generators equipped with DLE burners  

Flares Wet / dry flare, marine flare 

LNG production rate 23 560 tonnes per day  

Condensate tank (ambient) sizes 4 x 60 000 m3 

 
 
2.2.1. Construction and Commissioning Phase 
 
The key atmospheric emission of concern during the construction phase of the proposed 
development is dust. Dust generation will be associated with all the construction activities 
for the facility, including clearing of vegetation, soil and fill, excavation activities including 
blasting (should this be required) for site levelling and trenching, loading and dumping of 
material, wheel-generated dust from all vehicles active on site and wind erosion from 
exposed surfaces and stockpiles. 
 
Other atmospheric emissions during the construction phase will be associated with marine 
vessel engines, additional airline flights to and from Onslow and from vehicles and 
equipment required to support the construction crew at site. Incidental to this will be the 
increased traffic. These sources will contribute to overall emission levels.  
 
However, the volume and duration of the emissions during construction will not be 
significant in comparison with emission levels during the operation of the Wheatstone 
Project. Furthermore, they will not be concentrated in a single location for any extended 
period of time.  
 
Air dispersion modelling has not been undertaken for the construction phase. The focus of 
the modelling is on the longer term operational phase impacts.  
 
2.2.2. Operations Phase 
 
The key sources of air emissions during the operations phase include:  
 
 power generation 
 process area gas turbines 
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 flaring of hydrocarbons 
 
The key air emissions of concern from the proposed gas processing facility will be from 
the combustion of fuel gas in the process and power generation plant gas turbines and by 
flaring hydrocarbons during routine and non-routine plant operations. The key pollutants 
from natural gas combustion include CO2 and NOX (nitrogen dioxide (NO2) as a measure 
of NOX), together with CO and non-combusted hydrocarbons or VOCs. There will also be 
smaller amounts of particulate matter and SOX emitted (sulfur dioxide (SO2) as a measure 
of SOX). The potential contribution of the emission of NOX and its contribution to the 
creation of photochemical smog (measured as ground-level O3) is also of interest.  
 
Atmospheric emissions from the gas processing facility will vary depending on the 
operating and tanker loading conditions. Non-routine operations such as commissioning, 
plant start-up and shut-downs have therefore also been modelled. 
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3. Air Pollutants and Effects 
 
This section of the report outlines the health and environmental effects of airborne 
particulate matter, NOX, SO2, air toxics (including applicable VOCs) and O3. 
 
3.1. Overview 
 
The pollutants addressed here are considered the most relevant to the assessment, 
based on the nature of the works to be undertaken during the overall development and 
operation of the onshore facilities for the Wheatstone Project and the nature of the 
receiving environment. These pollutants (with the exception of air toxics) are listed in the 
National Environment Protection (Ambient Air Quality) Measure (NEPC 1998), and 
national air standards have been prescribed. 
 
3.2. Oxides of Nitrogen 
 
NOX is the collective term for nitric oxide (NO), nitrogen dioxide (NO2) and nitrous oxide 
(N2O). Lightning and the oxidation of ammonia can form NOX naturally. A major 
anthropogenic source (the main source) of NOX is from the combustion of fossil fuels, 
primarily in urban areas from automobiles and electricity production, and in the 
Wheatstone Project's case, from the combustion of fuel gas. NO is colourless and 
odourless but can oxidise in the atmosphere to form NO2 and NO3

- (nitrate ions). For most 
sources, NO2 accounts for 90% of NOX with NO contributing the remaining 10%.  For 
brevity, only NO2 are presented in this study but the full NOX emissions are included in the 
modelling. 
 
3.2.1. Human Health Impacts (NOX)
 
NO2 is a pungent, brown, acidic, highly corrosive gas which is known to have significant 
effects on human health at elevated levels. NO2 can have detrimental effects on the 
human respiratory tract, leading to increased susceptibility to and severity of asthma and 
respiratory infections. NO3

- oxidises iron in the blood rendering it incapable of carrying 
oxygen. 

3.2.2. Environmental Impacts (NOX)
 
Vegetation is adversely affected by exposure to NOX, in the form of retarded growth rates 
and reduced crop yields from very high concentrations. N2O is a greenhouse gas, trapping 
longwave radiation emitted by the earth and warming the atmosphere.  NOX gases are 
also some of the main contributors to ozone production and can also contribute to acid 
rain through the formation of nitrous and/or nitric acid in airborne water droplets. 
 
3.3. Oxides of Sulfur (as Sulfur Dioxide) 
 
SO2 is a colourless gas produced by combustion of fuels containing sulfur.  SO2 can 
oxidize to SO3

2-, leading to formation of sulfate aerosols in the atmosphere.  
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3.3.1. Human Health Impacts (SO2)
 
SO2 has also been linked with the aggravation of existing heart and lung diseases 
(USEPA 2009). SO2 can attach itself to small ambient particulates, which can then be 
inhaled deep into the lungs; this can intensify the health effects of sulfur dioxide with an 
irritating odour that can contribute to or exacerbate respiratory illnesses (such as asthma 
or bronchitis), especially in elderly or young people. 
 
3.3.2. Environmental Impacts (SO2)
 
SO2 can also have detrimental effects on the environment. SO2 can contribute to the 
formation of acid rain, damaging crops, ecosystems, monuments and historic buildings. 
 
3.4. Airborne Particulate Matter 
 
Airborne or suspended particulate matter can be defined by its size, chemical composition 
or source. Particles can also be defined by whether they are primary particles (such as a 
suspension of the fine fraction of soil by wind erosion, sea salt from evaporating sea 
spray, pollens, soot particles from incomplete combustion) or secondary particles (such as 
are formed from gas to particle conversion of sulfate and nitrate particles from SO2 and 
NOX). 
 
For the assessment of impacts to human health, particulate matter is characterised by its 
size (aerodynamic diameter) in microns.  The particulate size ranges specified in ambient 
air criteria are total suspended particulate (TSP), matter less than 10 μm in size (PM10) 
and particulate matter less than 2.5 μm in size (PM2.5). 
 
3.4.1. Human Health Impacts (PM10 and PM2.5)
 
The health effect of particulates in the PM10 range is the exacerbation of pre-existing 
respiratory problems. The population that is most susceptible include the elderly, people 
with existing respiratory and/or cardiovascular problems and children (NEPC 2005). The 
majority of larger particles greater than 10 µm in aerodynamic diameter do not pass 
further than the upper respiratory tract (nose and throat).  
 
3.4.2. Environmental Impacts (PM10 and PM2.5)
 
PM10 can also enhance some chemical reactions in the atmosphere and reduce visibility. 
The deposition of larger particles (greater than PM10) can have the following 
consequences: staining and soiling of surfaces; aesthetic or chemical contamination of 
water bodies or vegetation; and effects on personal comfort, amenity and health. 
 
3.5. Ozone 
 
O3 is a colourless gas that is naturally found in the upper atmosphere. O3 is also formed 
as a secondary pollutant at ground-level by the reaction of NO2 and sunlight which forms 
NO and a single oxygen atom (O). This oxygen atom then combines with molecular 
oxygen (O2) to form O3.   
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Photochemical smog is formed by the reaction of NOX and VOCs in sunlight. It can form a 
layer of visible, brown or white haze in the sky. Photochemical smog is a regional, and not 
localised, phenomenon in that ozone is produced relatively slowly over several hours after 
exposure to sunlight, allowing sufficient time for the series of reactions to be completed 
(Carter et al 1995). Maximum ozone concentrations therefore tend to occur downwind of 
the main source areas of precursor emissions, and can become re-circulated within local 
and regional circulation patterns. 
 
3.5.1. Human Health Impacts (O3)
 
The human health effects of exposure to O3 in the lower atmosphere include irritation of 
the eyes and exacerbation of respiratory issues such as asthma and bronchitis.   
 
3.5.2. Environmental Impacts (O3)
 
O3 is a strong oxidant and can affect plants, including the retardation of growth and 
damage to leaf surfaces. 
 
3.6. Air Toxics 
 
Air toxics are gaseous, aerosol or particulate pollutants which are usually present in the 
air in very low concentrations. All have the potential to be hazardous to human, plant or 
animal life. The main sources of air toxics are anthropogenic in nature, though emissions 
also arise from sources such as bushfires and biogenic sources. In Australia, the term “air 
toxics” is taken to exclude those pollutants covered by the National Environmental 
Protection (Ambient Air Quality) Measure (Ambient Air Quality NEPM) (NEPC 1998) of 
CO, NO2, O3, SO2, Pb and particulates. Air toxics present significant risk even at low 
concentrations. Air toxics can be separated into broad pollutant categories: 
 

 metals 
 pesticides 
 polycyclic aromatic hydrocarbons (PAHs) 
 VOCs 
 persistent organic pollutants (POPs) 
 dioxins and furans 
 asbestos. 

 
The air toxics of most interest for the Wheatstone Project are certain VOCs in the context 
of their contribution to the formation of ground-level ozone. 
 
3.6.1. VOCs 
 
VOCs are a group of carbon-based chemicals with a high vapour pressure at room 
temperature. Fuels, oil-based paints, solvents, wood preservers, benzene, toluene, ethyl-
benzene, xylene(s) and perchloroethylene (the principal dry-cleaning solvent) are all 
common VOCs. VOCs can react with NOX in the presence of sunlight to form O3. A 
simplified equation is presented as: 
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 Equation 3-1 

 
 
 
3.6.2. Human Health Impacts (VOC) 
 
The extent to which individual VOCs can cause health problems depends on their toxicity, 
concentration and the duration of exposure. Some are known to be carcinogenic, while 
others can cause reactions such as coughing or eye irritations at very high concentrations. 
 
3.6.3. Environmental Impacts (VOC) 
 
VOCs cover a wide range of compounds and can cause many different environmental 
impacts at high concentrations, ranging from: death or disfiguration in plants and 
vegetation; visibility degradation; and photochemical formation of O3 with associated 
damage. 
 

NOX + VOC sunlight      O3
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4. Air Quality Objectives in Western Australia 
 
This section of the report details air quality objectives (ambient, occupational and 
deposition) relevant to this assessment. 
 
4.1. Overview 
 
The WA Environmental Protection Authority (EPA) requires that ‘all reasonable and 
practicable means should be used to prevent and minimise the discharge of waste’ 
(EPA 2003).  For new proposals the EPA requires an assessment of the best available 
technologies for minimising the discharge of waste for the processes and justification for 
the adopted technology. 
 
The EPA has developed a guidance statement for NOX emissions from gas turbines, with 
limits for emissions following the AEC/NHMRC National Guidelines (1985). These limits 
are 0.07 g/m3 (Standard temperature and pressure, dry and 15% O2) for ‘gaseous fuels’ 
and 0.15 g/m3 for ‘other fuels’. The Guidance Statement states that modern natural gas-
fired systems employing NOX control technology can be expected to achieve lower 
emissions than 0.07 g/m3 (EPA 2000). 
 
4.2. Ambient Air Quality Criteria 
 
The WA EPA requires that air pollutants meet the national environment protection 
standards of the Ambient Air Quality NEPM (NEPC 2005). This measure was created to 
provide a benchmark by which to ensure that people throughout Australia have protection 
from the potential health effects of air pollution.  The standards were developed by taking 
into account the most current information available at the time regarding international 
health-related air pollution research, and the information available on the state of 
Australia’s major airsheds. The final standards represent a high degree of consensus 
among leading health professionals, varied to reflect what is realistically achievable in 
Australia within a ten year timeframe. 
 
As NEPM standards are intended to apply to general ambient air in both urban and 
regional areas, the pollutants of most concern identified for inclusion in the Ambient Air 
Quality NEPM were determined to be O3, NO2, particulates as PM10, CO, SO2 and lead 
(Pb). In 2003 the NEPM was extended to include an advisory reporting standard for 
particulates as PM2.5. The pollutants of key interest for the Wheatstone Project are O3, 
NO2 as a measure of NOX, particulates as PM10 and SO2. 
 
The WA EPA and Department of Environment and Conservation (DEC) routinely apply 
these NEPM standards and goals in WA. The WA EPA does not have state-wide 
standards for ambient ground-level concentrations; however, the WA EPA proposes that 
the NEPM standards be incorporated in an Environmental Protection Policy (EPP) to 
apply across all areas of WA, excluding industrial areas and residence-free buffer zones 
(NEPC 2007). As such, and in the absence of other standards relevant to WA, it is 
considered appropriate to use these standards as the criteria for comparison in this air 
quality assessment. 
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The highest-risk NEPM air pollutants pertinent to the Wheatstone Project are listed in 
Table 4-1 along with their associated NEPM standards. These specify maximum 
concentrations and goals to be achieved within 10 years from the NEPM’s 
commencement. As the NEPM commenced in 1998, 2008 was the aforementioned target 
date. 
 

 Table 4-1  National Environment Protection Standards for the protection of human 
health used as assessment criteria 

Pollutant Averaging Period Maximum Concentration Compliance Goal for 
exceedances 

Nitrogen Dioxide 1 hour 
1 year 

120 ppb 
30 ppb 

1 day per year 
None 

Photochemical oxidants 
(as ozone) 

1 hour 
4 hours 

100 ppb 
80 ppb 

1 day per year 
1 day per year 

Sulfur dioxide 1 hour 
1 day 
1 year 

200 ppb 
80 ppb 
20 ppb 

1 day per year 
1 day per year 

None 
Particles as PM10 1 day 50 μg/m3 5 days per year 

 
4.2.1. Consideration of Other Air Pollutants 
 
Investigation from various emissions estimation techniques (EA 1999a, 1999b, 2003a and 
2003b; DEH 2005) has identified other pollutants which would be expected from a 
development of this type: 

 CO 

 benzene, toluene and xylenes (BTX) 

 formaldehyde, acetaldehyde and PAHs 

 PM2.5.  

 
Due to the uncertainties that exist at this time regarding the infrastructure and parameters 
of the Wheatstone Project, only modelling and assessment of the BTX pollutants has 
been conducted. The monitoring investigation levels for BTX, as stipulated by the NEPC 
(2004), are presented in Table 4-2. 
 

 Table 4-2  Monitoring investigation levels for BTEX 

Pollutant Averaging Period Maximum Concentration 
(ppb) Goal  

Benzene Annual 0.3 8-year goal is to gather 
sufficient data nationally 
to facilitate development 

of a standard 

Toluene 24 hour 1000 
Annual 100 

Xylene 24 hour 250 
Annual 200 
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4.3. Criteria for Assessing Impacts on Vegetation  

4.3.1. Deposition of Oxides of Nitrogen and Sulfur Dioxide   
 
Acid deposition occurs when SO2 or NOX react with water (H2O), O2 and other oxidants in 
the atmosphere to form acidic compounds. These acid compounds precipitate out in rain, 
snow and fog (wet deposition), or as gases and particles (dry deposition). The SO2 and 
NOX gases, their particulate matter derivatives, sulfate and nitrate aerosols all have the 
potential to contribute to air quality impacts.  The potential impacts include the acidification 
of lakes and streams, damage to forest ecosystems and acceleration of the decay of 
building materials (USEPA 2007). 
 
Deposition processes in the study region are expected to be dominated by dry deposition 
during the dry season and a combination of wet and dry deposition during the wet season. 
Previous deposition studies undertaken by SKM on the Burrup Peninsula, which is located 
in the Pilbara region of Western Australia, have indicated that there are large uncertainties 
associated with the deposition modelling results (SKM 2003a, SKM 2005). Note that while 
the Burrup Peninsula is a heavily industrialised area in comparison to Onslow, the above 
studies are the only data available for the region. The uncertainties in the modelled 
depositions are due to uncertainties in the water, soil and vegetation surface resistances 
employed in the calculations (Hurley 2005). As such, the deposition quantities provided in 
this assessment are considered indicative of what may occur. 
 
4.3.2. WHO Guidelines for Air Quality Impacts on Vegetation 
 
The World Health Organisation (WHO) (2000) provides critical loads for deposition of 
nitrogen and acid. ‘Critical load’ is an estimate of exposure in the form of deposition, 
below which significant harmful effects on specified sensitive elements of the environment 
do not occur to the best present knowledge (WHO 2000). 
 
The sulfur critical load is 250–1500 eq/ha/annum (units are ‘acid equivalents’ per hectares 
per year), depending on the type of soil and ecosystem.  The ecosystem example used for 
sulfur in this assessment is: 
 

 250–500 eq/ha/annum for fluvial and marine sediment 
 4–8 kg/ha/annum as elemental sulfur  
 8–16 kg/ha/annum as SO2 (acid).  

 
Since the gas expected to be processed in the Wheatstone facilities only contains small 
amounts of sulfur containing compounds, emissions of SO2, combined with very low 
existing background concentrations, are assumed to be insignificant relative to likely 
impacts on vegetation, and hence are not considered further in this assessment. 
 
The WHO (2000) nitrogen critical load is 5–35 kg/ha/annum, depending on the type of soil 
and ecosystem.  The ecosystem example used for nitrogen in this assessment is: 
 

 15–20 kg/ha/annum for heath/shrub lands as elemental nitrogen  
 49–66 kg/ha/annum as NO2 (acid).  
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4.4. Summary of Criteria Used in this Assessment 
 
Based on the preceding discussion, the air pollutant concentrations modelled in this study 
will be compared against the criteria summarised in Table 4-3. 
 
 

 Table 4-3  Summary of the standards used as assessment criteria in this study 

Pollutant Averaging 
Period 

Maximum
Concentration 

Outcome

Nitrogen Dioxide 1 hour 
1 year 

120 ppb 
30 ppb 

Protection of human health 
Protection of human health 

1 year 49–66 kg/ha as NO2 Protection of vegetation 
Sulfur Dioxide 1-hour 

24-hour 
Annual 

200 ppb 
80 ppb  
20 ppb 

Protection of human health 
Protection of human health 
Protection of human health 

Photochemical oxidants 
(as ozone) 

1 hour 
4 hours 

100 ppb 
80 ppb 

Protection of human health 
Protection of human health 

Particles as PM10 1 day 50 µg/m3 Protection of human health 
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5. Existing Environment 
 
This section provides a description of environmental characteristics of the project area 
relevant to the air quality assessment, including the prevailing meteorological conditions 
influencing the air dispersion, and the meteorological data of the Onslow region used for 
the air dispersion modelling. 
 
5.1. Climate and Dispersion Modelling 
 
The southern portion of the north-west shelf, including the Onslow region, is characterised 
by an arid, sub-tropical climate. The wet season occurs from October to March and is 
characterised by high temperatures, high humidity and predominantly south-west winds 
(WNI 2003). In contrast, the dry season (June to August) is characterised by clear skies, 
fine weather and predominantly strong east to south-east winds. The months of April, May 
and September are considered a transition season during which either the wet or dry 
weather regime may predominate or conditions may vary between the two (Chevron 
Australia 2005).  
 
The Australian Bureau of Meteorology (BoM) operates a meteorological station at the 
Onslow Airport. This station has been operating since 1940 and the data obtained from 
this station has been used in the following description of meteorological factors.   
 
5.1.1. Temperature 
 
The temperature in the Onslow region can be expected to follow the pattern illustrated by 
Figure 5-1.  From this figure it is apparent that Onslow experiences mean daily 
temperatures during summer ranging from 19 °C to 36 °C with the maximum reaching as 
high as 49 °C.  During winter the mean daily temperatures range between 13 °C and 27 
°C with the minimum reaching as low as 3 °C. 
 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

Chevron Australia Pty Ltd | 113

Chevron Australia (Pty) Ltd 
Wheatstone Project 

Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

SINCLAIR KNIGHT MERZ 

I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc  PAGE 17 

0

10

20

30

40

50

60

Te
m
pe

ra
tu
re
 (d

eg
 C
)

Onslow Airport ‐Mean Maximum

Onslow Airport ‐Maximum

Onslow Airport ‐Mean Minimum

Onslow Airport ‐Minimum

 
 Figure 5-1 Maximum and minimum monthly temperatures at Onslow Airport from 1940 – 

2009 (ºC) (BoM 2009a) 

5.1.2. Rainfall 
 
Onslow has an annual average rainfall of 328 mm and the mean monthly rainfall is 
presented in Figure 5-2.  From this figure it is evident that the majority of the rain received 
at Onslow falls between January and June.  The rainfall in the region varies significantly 
from year-to-year and is dependent on rain-bearing low pressure systems, thunderstorm 
activity and passage of tropical cyclones.  Cyclonic events range from storms of 300 mm 
to milder 30 mm events. Wet years typically receive a large portion of the annual rainfall 
from tropical cyclones. 
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 Figure 5-2 Average monthly rainfall for Onslow Airport from 1940 – 2009 (in mm) (BoM 

2009a) 
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5.1.3. Relative Humidity 
 
The 9am and 3pm mean relative humidity recorded at the BoM at the Onslow Airport is 
presented in Figure 5-3.  
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 Figure 5-3 Relative humidity for Onslow Airport from 1940 – 2009 (%) (BoM 2009a) 
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5.1.4. Wind 
 
The annual average wind rose for Onslow Airport is presented in Figure 5-4.  This figure 
represents the hourly wind speed and direction from 1998 to 2008 measured at the 
Onslow airport (BoM 2009a).  From this figure it is evident that the dominant wind 
direction at this locality is from southerly through to westerly winds. 
 
 

 
 Figure 5-4 Annual wind rose for Onslow Airport (1998 – 2008) 

 
 
The seasonal wind roses are represented from Figure 5-5 through to Figure 5-8.  From 
these figures it can be seen that the dominant southerly to westerly winds occur primarily 
during the spring (Sept – Nov) and summer (Dec – Feb) periods. See also Figure 7-8 
which provides further analysis of the wind direction at Onslow Airport. These wind 
patterns result from high pressure cells which also produce significant periods of wind 
speeds greater than 10 m/s.  During the autumn period (Mar – May) the wind direction is 
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highly variable while winter (Jun – Aug) is dominated by southerly winds (with a degree of 
variability). 
 

   Figure 5-5 Summer wind rose for 
Onslow Airport (1998 – 2008) 

 Figure 5-6 Autumn wind rose for Onslow 
Airport (1998 – 2008) 

 Figure 5-7 Winter wind rose for Onslow 
Airport (1998 – 2008) 

 Figure 5-8 Spring wind rose for Onslow 
Airport (1998 – 2008) 
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5.2. Cyclones 
 
A cyclone is an intense low pressure system that is formed in maritime tropical air 
masses.  The cyclone season in Australia starts in November and continues through to 
April, with the most severe storms occurring later in the season. Figure 5-9 shows the 
locations of land-crossings by tropical cyclones from 1970 to 2002.  The average number 
of cyclones to pass through locations in the Southern Indian Ocean and South Pacific 
Ocean each year is shown in Figure 5-10. 
 

 
 Figure 5-9 Location of land crossings by tropical cyclones from 1970 to 2002 (BoM 

2009c) 
 
Note: Red dots indicate severe cyclones (category 3-5 on the Bureau of Meteorology's 5-
point tropical cyclone scale) and black dots represent non-severe cyclones (below 
category 3) (BoM 2009c). 
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 Figure 5-10 Average number of tropical cyclones per year (BoM 2009d) 
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6. Background Air Quality Assessment  
 
This section describes the results from a desk study estimating the emissions in the local 
and regional airshed relevant to the project. The desktop study concentrated on biogenic 
emissions from vegetation and soils (VOC and NOX).  
 
The amount of vegetation that is burnt each year in the Pilbara region is highly variable 
and depends on a number of factors including rainfall, previous burn regime and the 
growth cycle of the dominate plant, Spinifex.  The total land area burnt during the 
1999/2000 period was estimated by SKM (2003a) to be approximately 27 059 km2.  Bush 
fires contribute mostly CO and particulates.  Bush fires have been excluded from the 
study due to a number of reasons including: 
 

 the complexity of determining emissions from bushfires  
 the difficulty in modelling the variable short term impact of fires on an annual basis.   

 
 
6.1. Overview 
 
Based on the regional setting, ambient air quality around Onslow is expected to be 
influenced by: ocean sources; biogenic emissions; particulate matter; and regional smoke 
from bush fires and prescribed burning activities. The study area is shown in Figure 6-1.  
 
Although there has been extensive air quality studies conducted in the Pilbara region the 
majority of these studies have focussed on either the Dampier/Karratha region (CSIRO 
2001, SKM 2003b, CSIRO 2006, SKM 2009) or Port Hedland (Physick & Blockley 2001). 
Information regarding the local ambient air quality experienced in the Onslow region is 
confined to a study conducted by (SKM in 2003a) which determined the aggregated 
emissions for the entire Pilbara airshed.  The results of this study indicate that the main 
sources of emissions of VOC and NOX are from biogenic and burning/wildfire sources.  
 
Due to limited amount of available monitoring data, estimating the emissions in the local 
and regional airshed has been necessary. This estimation has focused on biogenic 
emissions from vegetation and soils (VOC and NOX). The direct health impacts of these 
pollutants is likely to be negligible, but their calculation is necessary for this assessment, 
due to their contribution to the formation of secondary ozone. 
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 Figure 6-1 The extent of the study area for the air quality assessment 

6.2. Biogenic Emissions 

Emissions of VOCs and NOX occur from both anthropogenic (human derived) and 
biogenic (natural) sources.  The main source of biogenic VOCs is vegetation (Lamb et al 
1993) while biogenic NOX sources include soil, biomass burning and lightning (Yienger 
and Levy 1995).  Estimates by Lamb et al (1987) indicate that VOC emissions by 
vegetation account for half of the estimated total VOC emissions in the USA and two-
thirds of the global VOC emissions. 
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In the presence of sufficient NOX the oxidation of biogenic VOCs, especially isoprene and 
monoterpenes, can produce ozone, though if NOX levels are low these VOCs will react 
with ozone and therefore reduce the concentrations (Sanderson 2002).   
 
6.2.1. VOCs 
 
It has long been recognised that biogenic VOC emissions contribute a significant amount 
of the total hydrocarbon emissions into the atmosphere (Guenther et al 1993) and that 
these emissions vary between plant species as well as by temperature, levels of 
photosynthetically active radiation (PAR; Sanderson 2002) and the physiological activity of 
plants (Fall 1999). Guenther et al (1995) in Geron et al (2002) estimated that over 90% of 
global biogenic isoprene emissions are from vegetation, and Guenther et al (1996) in 
Geron et al (2002) showed that approximately 50% of these are derived from tropical 
ecosystems. This is primarily due to a combination of the large quantities of vegetation 
and consistently warm temperatures.   
 
As is noted in the process studies, modelling and validation experiments and studies (e.g. 
BEWA 2000 described in Steinbrecher 2006) the key processes of biogenic VOC 
emissions are not well understood and this has led to large uncertainties in inventories on 
both global and regional scales.  These uncertainties are a result of: 
 

 variations in emissions caused through source strength, climate and synergistic 
effects between plant species and emitted species 

 land use and distribution 
 lack of suitable emission factors for specific endemic species. 

 
6.2.1.1. Data Collection and Information Sources 
 
The methodology adopted for the calculation of VOC emissions from vegetation in the 
study region is the same as that used in the Aggregated Emission Inventory for the 
Pilbara Airshed (SKM 2003a). This methodology is based on Lamb et al (1987) and 
estimates the major VOCs emitted (isoprene, 1,8-cineole, and monoterpenes) from 
vegetation based on a temperature dependant function and a vegetation density index. 
This methodology is simpler than that adopted for other Australian studies such as 
Metropolitan Air Quality Study (MAQS) (Carnovale et al 1996) and for the Dandenong, 
Launceston and Port Pirie in the NPI Trial (EPAV 1996). The methodology for these 
studies requires additional data on biomass density (mass on a dry basis of leaf per unit 
area of ground) as well as using a more complicated temperature factor and radiation 
factor that varies with the sun angle. 
 
For this study, given that there is neither biomass density data nor specific VOC 
measurements for the vegetation types in the study region, the simpler (Lamb et al 1987) 
approach has been deemed most appropriate.  
 
Data required for emission estimates are vegetation types, classification of the vegetation 
density and meteorological data for the Onslow region.  The vegetation type and coverage 
was obtained from Chevron through URS, who are undertaking detailed vegetation 
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surveys in the area. Temperature data was obtained from the Bureau of Meteorology’s 
automatic weather station at Onslow airport. 
 
 
 
6.2.1.2. Emission Estimation 
 
Emissions of VOCs from vegetation were calculated using Equation 6-1 from Lamb et al 
(1987), as used in SKM (2003a) and EPAV (1996).  
 

 Equation 6-1 

  
 

     
 
Where: 

 Ej is the mass emission flux (g/m2/hr) of a volatile organic compound j at an ambient temperature of 
T°C 

 p and r are empirical coefficients 
 q is the vegetation density index (ranging from 0 to 5) 

 
The empirical constants used in EPAV (1996) are listed in Table 6-1.  
 

 Table 6-1 Empirical constants for Biogenic VOCs from EPAV (1996) 

Pollutant Time & Temperature p r 
Isoprene Day, T<40°C 0.0268 0.0416T – 3.109 

Day, T>40°C 3.52 – 0.064T -3 
Night 0 n.a. 

1,8-Cineole Day/night 0.0302 0.0416T – 3.109 
Monoterpenes Day/night 0.0133 0.0416T – 3.109 

Notes: 
1) In this study we have adopted a value of ‘p’ which is twice the EPAV value.  
2) Night was defined as being from 6pm to 6am. 
 
Vegetation densities were assigned (q = 0 to 5) based on the percentage of coverage of 
trees and percent coverage of grasses. For shrubs and trees with 50% coverage or less, 
30% coverage by grasses underneath was assumed. This is approximately mid-range 
between the maximum grass coverage of 50% and the lower grass coverages. As per 
EPAV (1996) mangroves were assumed to emit negligible isoprene and cineoles, whilst 
monoterpenes were assumed to be emitted at approximately the same rate as for other 
isoprene emitting species. Therefore, as an approximation to estimate total VOCs, 
emissions of isoprene, cineoles and monoterpenes were reduced by one third. Mangroves 
were taken to have a biomass density of half that of a forested area. Therefore a q factor 
of 0.83 was adopted for them. A description of each category is presented in Table 6-2.  
 
For areas with 100% grass coverage a value 0.4 mg/m2/hr has been adopted for the mass 
emission file from the open savannah measurements of Klinger et al (1998). This value is 
higher than values for temperate grasses used in the US of 0.15 mg/m2/hr (Carnovale et

Ej = pq10r
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al 1996), based on a quoted value of 300 µg/m2/hr of total non methane hydrocarbons 
consisting of 50% isoprene).  The higher value is considered appropriate as the 
grasslands consist primarily of Spinifex (known to have high oil content). With no 
measurements of such grasses in Australia, the African savannah results have been 
adopted. 
 
 

 Table 6-2 Vegetation categories 

Description Vegetation Index (q) 
Mangrove 0.83 
Open Woodland 0.44 
Sparse Samphire scrubland Assumed 10% coverage 
Tussock grassland Assumed 30% coverage 

Notes 
1) Emission rate normalised to 300 C and photosynthetically active radiation of 1000 μmol/m2/s.  
2) Grasses and samphire have an emission rate of 0.4 mg/m2/hr for 100% coverage   
 
Using the methodology outlined above together with a map of vegetation type and 
coverage typical of the region (obtained from URS), the total VOC emissions were 
determined on a 1km by 1km grid basis for the entire study region.  The breakdown of 
each vegetation type across the study region is presented in Appendix B.  The total VOC 
emissions by each vegetation category are presented in Table 6-3. It should be noted that 
biogenic VOC emissions are derived from vegetation therefore no emissions were 
assigned to water bodies (oceans/inlets) or bare open areas.
 
It must be noted that there are large uncertainties associated with biogenic VOC (BVOC) 
emissions.  This includes the assignment to a vegetation type (error in q) and in the 
emission factors (error in p and r).  Typically these BVOC emission estimates only give an 
order of magnitude assessment.   

 Table 6-3 Total VOC emissions from each vegetation category  

Description Area 
(km2)

VOC Emissions 
(t/yr) 

Contribution 
(%) 

Samphire scrubland 264 93 1.7% 
Mangrove 131 1 195 22.6% 
Open Forest (with grass) 4 26 0.5% 
Tussock grassland 3 780 3 974 75.2 

TOTAL 4 179 5 288 100% 
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6.2.1.3. Comparison to Other Studies 
 
A comparison of the emission estimates from this assessment to emission estimates from 
other Australian studies is presented in Table 6-4. From this table it can be seen that the 
VOC emissions for the Onslow region are lower than those calculated for other regions 
within Australia, with the exception of the Dandenong study.  This can be attributed to the 
large expanse of tussock grass land in the Onslow region which has a very low calculated 
BVOC emission rate. 
 
 

 Table 6-4 VOC emissions from vegetation compared to other Australian studies 

Region VOC (t/km2/yr) 
Onslow 1.3 
Pilbara1 5.5 

Dandenong1 0.7 
Port Pirie1 14 
Newcastle1 5.2 
Kalgoorlie1 5.1 

 
Source: 1 SKM (2003a) 
 
 
6.2.2. NOX Background 
 
One of the principal natural sources of NOX has been found to be biogenic emissions from 
soils (Williams et al 1987, Guenther et al 2000).  In rural areas, soil biogenic emissions of 
NOX account for a larger fraction of the total NOX source than anthropogenic emissions 
(Yienger and Levy 1995).  
 
Natural NOX emissions are strongly influenced by the landscape. In soil, NOX emissions 
result from microbial and chemical processes from both denitrifying bacteria in anaerobic 
environments and nitrifying bacteria in aerobic environments (Williams et al 1987). In 
water bodies, NOX emissions result from nitrite photolysis. Guenther et al (1996) report 
that, in general, wetlands and tundra have low NOX emissions, forests have moderate 
emissions, and agricultural and grasslands have the highest emission rates.  Yienger and 
Levy (1995) believe that, in general, grassland emissions are an order of magnitude 
greater than those of forests, while heavily fertilised soils are an order of magnitude 
greater than those of grasslands.  
 
Biogenic NOX emission activity can be seen to be a function of both short term and long 
term effects.  Long term effects include soil texture, organic matter content, soil pH and 
nitrate levels.  In the short term, the effects are primarily soil temperature and moisture 
content.  Soil NOX emission rates generally increase with the application of nitrogen based 
fertilisers, soil temperature and optimal soil moisture conditions (Guenther et al 1996). 
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6.2.2.1. Data Collection and Information Sources 
 
Previous Australian air pollutant inventories such as the Victorian trial (EPAV 1996), the 
Kalgoorlie Mining National Pollutant Inventory (NPI) Trial (Coffey 1999) and the MAQS 
(Carnovale et al 1996) have used a temperature dependence of NOX emissions derived 
by Williams et al (1992), using land use categories as a surrogate for vegetation types.   
 
The approach used in this study is adapted from SKM (2003a) in the Aggregated 
Emissions Inventory for the Pilbara Airshed and is based on the approach developed by 
Yienger and Levy (1995). This methodology introduces a concept described as ‘pulsing’. 
When a very dry soil is wetted, a large burst or ‘pulse’ occurs and then decays rapidly 
over a period of time. Typically, the flux begins at 10 to 100 times the background-level 
and decays over a period of a few days to a few weeks, depending on the duration of the 
dry period and amount of rainfall. Yienger and Levy (1995) believe that the strongest 
impact of pulsing will be in tropical regions where there are extended dry seasons 
followed by wet seasons. One of the main features of the model developed by Yienger 
and Levy (1995) is the inclusion of separate exponential temperature dependence for wet 
soils and linear dependence for dry soils, and an optimal temperature above which the 
NOX emission rate becomes temperature independent.  
 
Emissions of NOX for the study region in the Onslow region have been estimated using 
the empirical relationship used by Yienger and Levy (1995) as presented in Equation 6-2:  
 

 Equation 6-2 

 
  
 
 
Where:  

 fw/d is a function with the subscript w/d representing the soil moisture state, either dry or wet 
 Aw/d is a coefficient used to distinguish between different landscapes 
 P is a function of the magnitude and duration of the precipitation, and is a scalar factor which varies 

between 1 and 15. 
 
A soil is considered dry in the sense that it will pulse when wetted.  A dry soil is classified 
as having received less than 10 mm of precipitation in the previous two weeks.  
 
The function fw (w, when the soil is wet) is described by three soil temperature intervals: 
cold-linear (0 to 10 °C), exponential (>10 to 30 °C), and optimal (>30 °C).  
 

 Equation 6-3 
 
 
 
 
 
 
 

ENOx = fw/d (soil temperature, Aw/d) x P (precipitation)
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Where: 

 fw is measured in kg/km2/hr 
 Aw is estimated at 1.296 x 10-3 kg/km2/hr (the average of 13 grassland/savannah landscapes) 
 T is the soil temperature in °C.   

 
Soil temperature (T °C) is approximated by air temperature (TA°C) after Williams et al 
(1992) by: 
 

 Equation 6-4 

 
  
   
 
In dry soils, two temperature regimes are defined: cold-linear (0-30°C) and optimal 
(>30°C):  

 Equation 6-5 

 
 
 
with Ad estimated at 9.54 x 10-3.  
 
Estimates of P are determined from the rainfall rate and determine the magnitude and 
duration of the NOX pulse. 
 

 Table 6-5 NOX emission as a function of rainfall 

Rain Rate 
(mm/day) Pulse Description Function 

< 1.0 No pulse (assume evaporation) P = 1.0 
1.0 to 5.0 ‘sprinkle’, a 3-day pulse with exponential decay starting x5 P = 11.19e-0.805t  (1<t<3) 
5.0 to 15 ‘shower’, 1-week pulse with exponential decay starting x10 P = 14.68e-0.384t  (1<t<7) 

> 15 ‘heavy rain’, 2-week pulse with exponential decay starting 
x15 

P = 18.46e-0.208t  
(1<t<14) 

 
For water bodies, Yienger and Levy (1995) provide no methodology as they were 
concerned with estimating a global biogenic inventory. For the purposes of this study, NOX 
emissions from water bodies due to nitrite photolysis were calculated using Equation 6-6, 
as used by the Victorian trial (EPAV 1996), the Kalgoorlie Mining NPI Trial (Coffey 1999) 
and the MAQS study (Carnovale et al 1996).    

T = 0.66TA + 8.8
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 Equation 6-6 

 
 
 
  

Where: 
 TA is the ambient air temperature. 

 
6.2.2.2. Emission Estimation 
 
Emissions of NOX for the study region were estimated using the following methodologies: 
 

 Emissions of NOX over land were estimated using daily rainfall and average daily 
temperatures from the BoM station at Onslow Airport. These were calculated using 
the methodology outlined in Section 6.2.2.1. 

 NOX emissions over water were estimated using the hourly temperature from the BoM 
station at Onslow airport and Equation 6-6. Hourly temperatures were used as, 
according to Williams et al (1992), water bodies only emit NOX during daylight hours.  
For the purpose of this study daylight was taken as being from 6am to 6pm for the 
entire year. 

 
The calculated emission rates of NOX for water and land are presented in Table 6-6. 
 

 Table 6-6 Average NOX emission rates for each region 

Source Area 
(km2)

Total Emission Rate
(t/yr) 

Average Emission Rate 
(kg/km2/yr)

Land 4 860 379 78 
Water 5 140 195 38 
Total 10 000 574 57 

 

ENOx = 0.002[10(0.049TA
 
- 0.83)] 
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6.2.2.3. Comparison to Other Studies 
 
A comparison of the estimated biogenic NOX emission rates from this study are compared 
to estimates from other studies within Australia in Table 6-7.  From this table it is apparent 
that the calculated biogenic NOX emissions for the Onslow region are lower than those 
calculated during the previous Pilbara study (SKM 2003a).  This is due to a number of 
factors including: 
 

 the low rainfall within the Onslow region during 2007 
 the high percentage of the study area occurring over water. 

  

 Table 6-7 Comparison to other studies 

Region NOX

(kg/km2/yr)
Onslow 57 
Pilbara1 112 
Dandenong1 190 
Port Pirie1 491 
Newcastle1 135 
Launceston1 122 
Kalgoorlie1 304 
Bunbury1 609 

 
Source: 1 SKM (2003a) 
               
 
6.3. Background Particulate (PM10) Concentrations 

The semi-arid landscape of the Pilbara is a naturally dusty environment with wind-blown 
dust being a significant contributor to ambient dust levels within the region.  This was 
highlighted by the aggregated emission study that was conducted by SKM in 2000 (SKM 
2003a). This study found that the Pilbara region emitted around 170,000 tonnes of 
windblown particulate matter in the 1998/1999 financial year. Additional research has also 
shown that background-levels of dust in the Pilbara region often exceed the NEPM PM10 
standard of 50 µg/m3 (CSIRO 2006).  
 
The nearest particulate monitors (TSP, PM10 or PM2.5) to Onslow, with publically available 
data, is the Pilbara Iron particulate monitoring network located 210 km to the north east in 
the Dampier / Karratha region, followed by the Pilbara Iron particulate monitors around 
Point Samson which is 240 km to the north east.  Analysis of the PM10 concentrations at 
the Dampier Primary School indicates that from 2002 to 2006 the annual average was 
22.9 µg/m3 while the monitoring station at Karratha during this same period recorded an 
annual average of 21.4 µg/m3 (excluding a high PM10 annual average in 2003). The PM10 
monitoring station at Point Samson recorded an annual average of 21.8 µg/m3 for the 
period 2003 – 2006 (SKM 2007). 
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Based on the above monitoring data this assessment has used a constant PM10 
background concentration of 22 µg/m3 for the air quality assessment. Note that Chevron is 
currently undertaking sampling for ambient particulate concentrations but at the time of 
writing a full year of data was not available.   
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7. Air Quality Model 
 
The following sections describe the meteorological and air dispersion model employed for 
this project and the modelling methodology. All modelling described in this report has 
been conducted in accordance with the Air Quality and Air Pollution Modelling Guidance 
Notes (DOE, 2006). 
 
7.1. Model Selection 
 
For pollutants released in near-coastal environments, the following four dispersion 
processes are considered important: 
 
1) dispersion under convective conditions when the buoyant plumes can be mixed to 

ground-level within a short distance of the stacks 
2) the influence of the sea breeze with the creation of the Thermal Internal Boundary 

Layer (TIBL) where onshore winds can lead to complex vertical dispersion 
3) the influence of the buildings and structures around facilities that may lead to 

increased dispersion and reduced plume rise from the stacks 
4) the presence of terrain features like hills and ridges in the surrounding area that can 

impact on dispersion and be subject to elevated concentrations.  
 
Two models accepted for use by the regulator in similar situations in Australia are 
available to assess all four processes: TAPM and CALPUFF.   
 
CALPUFF (the Californian puff model) is a Lagrangian dispersion model that simulates 
pollutant releases as a series of continuous releases of puffs.  It is the preferred model of 
the United States Environmental Protection Agency (US EPA) for the long-range transport 
of pollutants and for complex terrain (TRC 2007).  The model differs from traditional 
Gaussian plume models in that it can model spatially varying wind and turbulence fields 
that are important in complex terrain, long-range transport and near calm conditions.  
CALPUFF has the ability to model the effect of the TIBL both through fumigation and 
plume trapping. 
 
TAPM is a prognostic three-dimensional model designed by the Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) that can be used to predict meteorological 
and air pollution parameters on an hourly basis (Physick and Blockley 2001).  The model 
predicts flows that are of importance to local-scale air pollution such as sea breezes and 
terrain induced flows (Hurley 2005).  The meteorological parameters predicted by the 
model have been compared to actual readings recorded during the Kwinana Coastal 
Fumigation study (Hurley and Luhar 2000) and the Pilbara Air Quality Study (Physick and 
Blockley 2001).  It was found that the model predicts both near-surface parameters and 
upper parameters well.   
 
For this assessment the CSIRO model TAPM was utilised, primarily due to its usage in 
previous assessments for gas processing facilities in the region (Hurley, P et al 2003a, 
SKM 2003b, SKM 2005, SKM 2008b, SKM 2009).  TAPM was also chosen due to the lack 
of available meteorological data (particularly upper air data) for the Onslow region. 
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7.2. Model Setup 
 
The TAPM (ver4) modelling package consists of a model and databases of synoptic 
meteorology, terrain and land use categories for the Australasian region.  For this 
assessment TAPM was configured as follows: 

 Standard four grid domains (30 km, 10 km, 3 km and 1 km) with 31 by 31 cells per 
domain.  The four grid domains are presented from Figure 7-1 to Figure 7-4.  

 All grids were centred at 114°59.5’E and 21°42.5’S, which correspond to 292 000E 
and 7 598 000N in the local grid. 

 The TAPM land/sea database was derived from the 9” Digital Elevation Model (DEM) 
data (Geoscience Australia 2002) and was modified using the 1:100 000 
topographical maps for the region (RASC 1974). This involved incorporating the 
Onslow region into the lower two grid domains within TAPM (3 km and 1 km) and 
assigning the appropriate soil and vegetation cover. 

 Standard 25 vertical levels from 10 m to 8 000 m in height. 
 The default sea surface and deep soil temperatures were used. Default sea surface 

temperatures were checked against the recorded sea surface temperatures from the 
BoM (2009b).  Examples of the sea surface temperatures for January and June are 
available in Figure 7-5 and Figure 7-6 respectively. 

 Meteorological runs from 30 December 2006 to 31 December 2007, with the output 
only after 1 January 2007 being used in the assessment.  The 2007 year was chosen 
for modelling as an analysis of the wind speed (Figure 7-7) and direction (Figure 7-8) 
from 1998 to 2008 indicates that 2007 represents a ‘typical’ year. 

 
The TAPM run-time output file summarising model configuration for the Jan-March run is 
presented in Appendix C. 
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 Figure 7-1 TAPM topography file at 

30 000m grid spacing 
 Figure 7-2 TAPM topography file at 

10 000m grid spacing 

 
 Figure 7-3 TAPM topography file at 

3 000m grid spacing 
 Figure 7-4 TAPM topography file at 

1 000m grid spacing 
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 Figure 7-5 Sea surface temperature 
15/2/2007 (BoM 2009b) 

 Figure 7-6 Sea surface temperature 
15/7/2007 (BoM 2009b) 

 
For atmospheric modelling of pollutants the following parameters were used: 
 

 regional gridded emission sources (*.gse) 
 atmospheric chemistry modelling mode with APM (Airborne Particulate Matter, PM10), 

NOX, NO2, O3, SO2 and FPM (Fine Particulate Matter, PM2.5) 
 background ozone level – 20 ppb (from stratospheric ozone entrainment and global 

recirculation) 
 background Rsmog – 0.2 g/s (Rsmog is the efficiency factor of VOCs to generate 

smog (refer to Hurley 2005)) 
 background FPM (PM2.5) – 5 µg/m3 (estimate for clean air)  
 pollution grid (inner) – 49 x 49 cells (omitting boundary to reduce ‘edge effects’), with 

resolution of 500 m. 
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 Figure 7-7 Analysis of the wind speed at the Onslow airport from 1998 - 2008 

Note: the high wind speeds during 1999 and 2000 are a result of cyclones (Tropical Cyclone Vance in 1999 
and Tropical Cyclone Steve in 2000) 
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 Figure 7-8 Analysis of the wind direction at the Onslow airport from 1998 - 2008 

 
7.3. Comparison of TAPM Predictions to Observations 

A comparison of the TAPM predicted wind speed to observed wind speed is presented in 
Figure 7-9, while the comparison with the wind direction is presented in Figure 7-10 and 
temperature is displayed in Figure 7-11.  From these figures it is evident that TAPM has a 
tendency to under predict the high wind speeds that were observed at the Onslow Pier 
though the wind direction and temperature were generally well predicted.  
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 Figure 7-9 Predicted to observed wind speed at Onslow Pier (2007) 
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8. Emission Parameters 
 
This section of the report describes the future air pollutant emission sources from the 
proposed Chevron gas processing and LNG operations at Onslow.  
 
8.1. Overview 
 
Atmospheric emissions from the proposed Wheatstone Project will vary depending on the 
operation of the plant and tanker loading conditions. These include normal plant 
operations, shiploading and non-routine operations such as plant start-up, plant shutdown 
emergency shutdown and LNG carrier cool-down.  It is expected, however, that normal 
conditions will predominate, occurring in excess of 90% of the time.  For 30% of this time, 
plant operations will be accompanied by the loading of product onto LNG tankers.  It is 
anticipated that the level of production may be reduced due to maintenance or operational 
limitations for four to five days per year, with another 22 days where the plant is shut down 
for maintenance.  Emergency operations may occur for up to ten times during the first 
year of operation reducing to potentially two or less during a typical operating year.  A 
shutdown will normally result in less than one hour of peak flaring, while start-up will be of 
approximately six hours duration. 
 
The most significant air pollution emissions from the Wheatstone Project will be from the 
combustion of fuel gas in the gas turbines and from flaring. The main products of 
combustion of fuel gas in gas turbines in terms of quantities produced are CO and NOX. 
However, the key air pollutants in terms of risk are NO2 and the subsequent formation of 
O3, and PM10. 
 
Small quantities (trace amounts) of other pollutants such as VOCs may also be emitted. 
BTEX pollutants are among a wide variety of VOCs that typically exist in relatively low 
concentrations in ambient air. Emissions of BTEX represent a very small percentage of 
the compounds emitted from the combustion of fossil fuels. A review of Hurley et al 
(2003a and 2003b) regarding atmospheric dispersion modelling of existing and proposed 
emissions on the Burrup Peninsula indicates that the emission of VOCs is unlikely to 
cause significant air quality impacts. This was confirmed during the Burrup Peninsula Air 
Pollution Study (CSIRO 2006) where field monitoring determined that there was little 
enhancement of benzene adjacent to industrial areas when compared with the 
background monitoring sites.  These findings were also applicable to the other BTEX 
pollutants including xylene (CSIRO 2006). These findings can be expected to be 
representative of the Onslow region, where there is currently minimal existing 
infrastructure contributing to air pollutants. A discussion of the potential cumulative 
impacts is presented in Section 8.5. 
 
For these reasons potential fugitive emission of the BTEX group of compounds from the 
Wheatstone Project is not considered to be a significant future air pollutant, and thus has 
not been considered in the future modelling scenarios. It should be noted that point source 
emissions of VOCs are included in the model as the photochemical precursors (Rsmog). 
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8.2. Area-based Emission File 
 
An area-based emission file for TAPM was compiled to account for existing diffuse 
emissions in the Onslow region. The diffuse emissions that could potentially impact on the 
air quality of the region include: 
 

 NOX 
 VOCs. 

 
These emissions would be derived primarily from biogenic emissions in the region. This 
section outlines how the diffuse emissions were calculated and incorporated into an area-
based emission file for modelling purposes. 
 
Emissions from anthropogenic sources such as motor vehicles and commercial shipping 
are expected to be negligible given the current low population of Onslow (approximately 
573 people (ABS 2006)).  Based on this, emissions from these sources were not included 
in the area emission file. 
 
8.2.1. Biogenic VOC  
 
The methodology to calculate biogenic VOCs is outlined in Section 6.2.1.  To convert 
these emission estimates, a smog reactivity (Rsmog) constant of 0.0067 was used as per 
the recommendation by Hurley (2005) and Physick and Blockley (2001). 
 
8.2.2. Biogenic NOx
 
The methodology to calculate biogenic NOX is addressed in detail in the background air 
quality assessment (Section 6.2.2).  
 
 
8.3. Normal Operating Condition 
 
Chevron proposes to build a gas processing and LNG facility at Onslow, comprising five 
LNG trains: two 4.3 MTPA trains and three 5.47 MTPA trains, along with up to 4 Domgas 
trains.  Key characteristics for the 5 LNG trains used for this air quality assessment 
include: 

 power generation: 
- 9 x LM6000 gas turbines with dry low emission (DLE) burners  

 gas compressors: 
- 33 x LM6000 gas turbines with DLE burners 

 dry and wet gas flare 
 marine flare. 

 
The emission rate for the gas turbines was obtained from Bechtel (via email from Chevron 
to SKM 12/1/2010).  The stack parameters for all stacks, including the flares, were also 
obtained from Bechtel. 
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The emission rate from the flares was estimated using the emission factors for flare 
operations listed in the AP-42 (USEPA 1991), together with the following assumptions: 

 a flaring rate during normal operations of 0.15% of the total throughput (25 MTPA) 
(Heede 2006) 

 a flaring rate during shiploading operations of 0.20% of the total throughput (25 
MTPA) (Heede 2006) 

 during an emergency shutdown it was assumed that the entire inventory for one train 
was flared (491 tonnes). 

 
The stack parameters for flares (dry, wet and marine) were based on the parameters 
outlined by the Texas Commission on Environmental Quality (TCEQ 2004): 

 stack exit velocity of 20 m/s
 stack exit temperature of 1 273 K
 variable stack diameter based on the estimated net heat release (cal/s).

 
Emissions characteristics for normal routine operations are summarised in Appendix D.1 
and the emission characteristics for shiploading operations are summarised in Appendix 
D.2. 

8.3.1. Benzene, Toluene and Xylene 

The calculated emission rates of benzene, toluene and xylene was obtained from Bechtel 
(via email from Chevron to SKM 26/1/2010) and are summarised in Appendix D.3. 

 

8.4. Upset Conditions 

8.4.1. Overview 
 
Non-routine plant operations include start-up and shutdown. Plant de-inventory may also 
occur during an emergency event.  A non-routine operation may last from several hours to 
days, with the plant operating under reduced throughput conditions, which could include 
the flaring of gas. The plant throughput can vary from 15% to 50% depending on the stage 
of the start-up/shutdown process in place. 
 
In upset condition scenarios, the flares can become a more significant source of air 
emissions than the gas turbines. For example, all the gas turbines on a single LNG train 
could be shut down while the flares are operating to full capacity. This would, however, 
only occur for a very limited time. 
 
Two upset conditions scenarios have been identified for the purposes of this assessment, 
representing reasonable worst cases.  These are associated with the start-up of a single 
train and the emergency shutdown of one gas train.  The following sub-sections detail the 
emissions characteristics for these scenarios.  
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8.4.2. Upset Condition 1: Start-up 
 
It is expected that the gas processing plant will be shut down for sufficient time to require 
a cold start at least once a year. A cold re-start is expected to take approximately six 
hours, during which time approximately 30% of the normal flow rate of a single LNG train 
may be directed to the flare as the LNG is brought to product specification. 
 
Emissions characteristics for the first upset condition are summarised in Appendix D.4. 
 
 
8.4.3. Upset Condition 2: Process Emergency Shutdown 
 
The second upset condition scenario is based on a process emergency shutdown.  
Shutdowns of the gas processing facility will occur for different reasons. They will be 
required for planned maintenance programs, in which case there will be the opportunity to 
minimise emissions by reducing the amount of gas directed to the flare system. 
Alternatively, there could be an unplanned shutdown of one train requiring some flaring. It 
is anticipated that such circumstances will occur less than ten times in the first year of 
operation and be of less than one hour peak flaring reducing to six events per year over 
the next five years. 
 
Emissions characteristics for the second upset condition are summarised in Appendix 
D.5. 
 
 
8.5. Cumulative Modelling 
 
The location for the proposed Chevron Wheatstone gas processing facility is in the 
Ashburton North Strategic Industrial Area (SIA). This area is currently being considered as 
a potential ‘processing hub’ and as such, there is the potential for an additional gas 
processing train (operated by Exxon Mobil) with a potential to process approximately 6 
MTPA of LNG each year (as originally referred in 2004) and a Domgas plant (operated by 
BHP Billiton).  Both of these proposed facilities would be located immediately to the south 
of the proposed Chevron facility (refer to Figure 8-1 for location plan).
 
The potential emissions from the proposed Exxon Mobil facility have been taken as similar 
to that of the fifth train at the proposed Wheatstone facility as data on the proposed trains 
are not currently available.  The potential emissions from the BHP Billiton Domgas facility 
were assumed to be similar to that used in the air quality assessment of the proposed 
Apache Energy Domgas facility at Devil Creek (SKM 2008a). The emission characteristics 
for these two additional facilities are summarised in Appendix D.6. 
 
It is important to note that this modelling is only conducted to provide an indication of the 
potential ground-level concentrations of pollutants with these additional gas processing 
facilities. Further dispersion modelling will have to be conducted by the proponent(s) of 
these facilities with more detailed emission characteristics as the design of the proposed 
plant is not yet known. 
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9. Modelling Results 
 
This section presents the results of atmospheric dispersion modelling for the proposed 
plant under a series of scenarios including: 
 

 the existing air quality (i.e. existing contribution from non-industrial activities and 
existing industries)  

 normal operating conditions (with and without shiploading) 

 plant start-up 

 emergency shutdown of a single train and  

 the cumulative impacts of the Chevron Wheatstone Project and additional gas 
processing facilities in the proposed Ashburton North Industrial Area..  

 
All modelling results are compared to the relevant assessment criteria discussed in 
Section 4.  
 
As discussed in Section 3.2, approximately 90% of NOX is from NO2.  Thus for simplicity 
only NO2 is presented in the modelling results below but the full NOX component has been 
used in the modelling.  The maximum pollutant concentrations have been compared to the 
NEPM criteria which are listed in Table 4-3. 
 
Note that the town of Onslow is shown on the model results figures and that this location 
is indicative only; that is, concentrations reported by the model and report text may not 
align exactly with the isopleths on the figures.  
 
9.1. Existing (Non-industrial) Air Quality Case 
 
The modelling results for the existing (non-industrial) air quality in the Onslow region are 
presented and discussed in the following sections. The emissions used to model this 
scenario include: 
 

 BVOC from vegetation (Section 6.2.1) 
 biogenic NOX from soil and water (Section 6.2.2). 

 
 
9.1.1. Oxides of Nitrogen (as NO2)
 
The maximum predicted 1-hour ground-level concentrations of NO2 from existing (non-
industrial) sources are presented in Figure 9-1. This figure shows that the 1-hour 
predicted ground-level concentrations of NO2 are relatively low. As shown in Table 9-1, 
the predicted 1-hour maximum concentration of NO2 is 1.2 ppb. This is 1% of the NEPM 
criteria, indicating a relatively low concentration of NO2 in the study area.  
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 Figure 9-1 Existing (non-industrial) sources - maximum 1-hour NO2 concentrations 

(ppb) 
 
 
 
The predicted annual concentration of NOX for existing (non-industrial) scenario is 
presented in Figure 9-2.  This figure shows that the annual average concentrations of 
NO2 are relatively low. As summarised in Table 9-1, the predicted annual maximum 
concentration of NO2 is 0.1 ppb, which is 0.3% of the NEPM criteria. 
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 Figure 9-2 Existing (non-industrial) sources - annual NO2 concentrations (ppb) 

9.1.2. SO2
 
Existing SO2 emissions have been assumed to be negligible (given the lack of significant 
existing sources) and have not been reported on. 
 
9.1.3. PM10
 
Existing PM10 emissions within the region are derived primarily from open area erosion 
and bushfires.  These particulate emissions have been excluded from this report due to 
the complexities of modelling short term events that vary spatially. 
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9.1.4. Ozone 
 
The maximum predicted 1-hour ground-level O3 concentrations for the existing (non-
industrial) case are presented in Figure 9-3.  From this figure it can be seen that the 
maximum concentrations occur offshore to the north and to the west of Onslow.  The 
maximum predicted 1-hour ground-level concentration for this scenario is 23.8 ppb, which 
is 23.8% of the NEPM criteria.  
 

 
 Figure 9-3 Existing (non-industrial) sources - maximum 1-hour O3 concentrations (ppb) 
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The predicted 4-hour ground-level ozone concentrations are presented in Figure 9-4. 
Maximum concentrations are located in a similar area to those of the 1-hourly ozone 
concentrations (Figure 9-3).  The predicted maximum 4-hourly ground-level concentration 
is 21.8 ppb, which is 27.2% of the NEPM criteria. 
 

 
 Figure 9-4 Existing (non-industrial) sources - maximum 4-hour O3 concentrations (ppb) 

 
9.1.5. Maximum on Grid 
 
The maximum predicted ground-level concentrations over various averaging times for O3 
and NO2 are presented in Table 9-1. The NEPM criteria are also presented in this table. 
Comparison between the criteria and the maximum predicted ground-level concentrations 
shows that the predicted NO2 concentrations are well below the criteria. The maximum 
predicted concentrations of O3 are also well below the criteria at 23.8% and 27.2% of the 
applicable NEPM criteria for 1-hour and 4-hour respectively. 
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 Table 9-1 Maximum predicted existing (non-industrial) ground-level concentration on 

modelled grid 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 
1-hour ppb 120 1.2 0.8 1.0% 0.6% 
Annual ppb 30 0.1 0.1 0.3% 0.2% 

O3 3 km 
1-hour ppb 100 23.8 19.5 23.8% 19.5% 
4-hour ppb 80 21.8 19.5 27.2% 24.4% 

 
 
9.2. Future Air Quality – Normal Operations 
 
The modelling for future air quality under normal operating conditions incorporates the 
emissions used in the existing scenario (Section 8.2) as well as those expected from the 
proposed Chevron Wheatstone gas processing facility (Section 8.3). The pollutants taken 
into consideration in this section include NO2, SO2, O3 and PM10. Additionally, the model 
results for benzene, toluene and xylene are also presented.  The maximum ground-level 
concentration of each of these pollutants is assessed against the NEPM criteria. 
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9.2.1. Oxides of Nitrogen (as NO2)
 
The maximum 1-hour predicted ground-level NO2 concentrations are presented in Figure 
9-5.  When the results presented in this figure are compared to that for the existing 
scenario (Figure 9-1), the impact of the proposed Chevron Wheatstone gas processing 
facility on ground-level concentrations of NO2 is apparent. The maximum predicted 
ground-level concentration on the grid is 39 ppb, which represents an increase of 
37.4 ppb from that predicted for the existing case (Table 9-3), and is 32% of the NEPM 
criterion (Table 9-3). The maximum 1-hour predicted ground-level NO2 concentration at 
Onslow is predicted to increase to 24 ppb which is equivalent to 20% of the NEPM criteria. 
 

 
 Figure 9-5 Future case (normal operations) - maximum 1-hour NO2 concentrations (ppb) 

 
The predicted annual average ground-level NO2 concentrations are presented in Figure 
9-6. When the results presented in this figure are compared to that for the existing 
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scenario (Figure 9-2), the impact of the proposed Chevron Wheatstone gas processing 
facility on ground-level concentrations of NO2 is apparent.  The maximum predicted 
annual ground-level concentration has increased by 2.7 ppb from the existing scenario to 
2.8 ppb, and is 9% of the NEPM criterion.  
 

 
 Figure 9-6 Future case (normal operations) - annual NO2 concentrations (ppb) 

 
9.2.2. Sulfur dioxide 
 
The maximum 1-hour predicted ground-level SO2 concentrations are presented in Figure 
9-7.  The maximum predicted ground-level concentration on the grid is 3.5 ppb which is 
equivalent to 1.7% of the NEPM criterion (Table 9-3). The maximum 1-hour predicted 
ground-level SO2 concentration at Onslow is 0.7 ppb which is equivalent to 0.3% of the 
NEPM criteria. 
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 Figure 9-7 Future case (normal operations) - maximum 1-hour SO2 concentrations (ppb) 

 
The maximum 24-hour predicted ground-level SO2 concentrations are presented in Figure 
9-8.  The maximum predicted ground-level concentration on the grid is 1.1 ppb which is 
equivalent to 1.4% of the NEPM criterion (Table 9-3). The maximum 24-hour predicted 
ground-level SO2 concentration at Onslow is 0.1 ppb which is equivalent to 0.1% of the 
NEPM criteria. 
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 Figure 9-8 Future case (normal operations) - maximum 24-hour SO2 concentrations 

(ppb) 
 
The predicted annual average ground-level SO2 concentrations are presented in Figure 
9-9.  The maximum predicted annual ground-level concentration is 0.6 ppb which is 
equivalent to 2.8% of the NEPM criterion. 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

Chevron Australia Pty Ltd | 157

Chevron Australia (Pty) Ltd 
Wheatstone Project 

Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc PAGE 61 

 
 Figure 9-9 Future case (normal operations) - annual SO2 concentrations (ppb) 

 
9.2.3. Particulates 
 
The maximum 24-hour predicted ground-level PM10 concentrations during normal 
operations are presented in Figure 9-10. The maximum predicted ground-level 
concentration is 27 μg/m3, which is 53% of the NEPM criteria, shown in Table 9-3.  The 
maximum predicted ground-level concentration at Onslow is 25 μg/m3 which is 50% of the 
NEPM criteria.  These concentrations include a constant background concentration of 
22 μg/m3 as discussed in Section 6.3. 
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 Figure 9-10 Future case (normal operations) - maximum 24-hour PM10 concentrations 

(µg/m3)
 
9.2.4. Ozone 
 
The predicted future concentrations of hourly O3 are presented in Figure 9-11. When 
these concentrations are compared to the existing scenario, it is apparent that the 
maximum ground-level concentrations are still predicted to occur offshore. The maximum 
ground-level concentration has increased from 24 ppb in the existing case scenario to 
44 ppb, which represents 44% of the NEPM criteria. 
 
It is important to note that this maximum concentration is predicted to occur offshore. The 
maximum concentration that is predicted to occur within Onslow is 38 ppb, which 
represents 38% of the NEPM criterion. 
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 Figure 9-11 Future case (normal operations) - maximum 1-hour O3 concentrations (ppb) 

 
The predicted future 4-hourly O3 concentrations are presented in Figure 9-12 and, as with 
the 1-hour concentration results, there is little change in the isopleth locations. The 
maximum ground-level concentration has increased from the existing scenario from 27% 
up to 50% of the NEPM criterion. 
 
It is important to note that this maximum concentration is predicted to occur offshore.  The 
maximum concentration that is predicted to occur within Onslow has increased from 
19 ppb to 34 ppb, which represents 43% of the NEPM criterion. 
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 Figure 9-12 Future case (normal operations) - maximum 4-hour O3 concentrations (ppb) 

 
 
9.2.5. Benzene, Toluene and Xylene 

The maximum predicted concentrations of benzene, toluene and xylene are presented in 
Table 9-3.  From this table it is apparent that the predicted ground level concentrations of 
BTEX pollutants is very low with benzene having the highest predicted impact on the 
model grid at 8.4% of the NEPM investigation level. 
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 Table 9-2 Maximum predicted future ground-level concentrations for BTX under normal 
operating conditions 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Investigation level 

(ppb) 

Maximum
on Grid 
(ppb) 

Percentage
of Criteria 

Benzene 1 km Annual ppb 3 0.3 8.4% 
Toluene 1 km 24 hour ppb 1000 1 0.1% 

 1 km Annual ppb 100 0.5 0.5% 
Xylene 1 km 24 hour ppb 250 1.3 0.5% 

 1 km Annual ppb 200 0.6 0.3% 
 
 
9.2.6. Maximum on Grid 
 
The maximum predicted future ground-level concentrations for NO2, SO2, PM10 and O3 are 
presented in Table 9-3 below. A comparison between the criteria and the maximum 
predicted ground-level concentrations shows that all the predicted concentrations for 
modelled pollutants are below the criterion. 
 

 Table 9-3 Maximum predicted future ground-level concentrations under normal 
operating conditions 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 
1-hour ppb 120 39 24 32% 20% 
Annual ppb 30 2.8 0.4 9% 1% 

SO2 1 km 
1-hour ppb 200 3.5 0.7 1.7% 0.3% 

24-hour ppb 80 1.1 0.1 1.4% 0.1% 
Annual ppb 20 0.6 0.0 2.8% 0.1% 

PM10 1-km 24-hour µg/m3 50 27 25 53% 50% 

O3 3 km 
1-hour ppb 100 44 38 44% 38% 
4-hour ppb 80 40 34 50% 43% 

9.3. Future Air Quality – During Shiploading Operations 
 
The modelling for future air quality during shiploading operating conditions incorporates 
the emissions used in the existing scenario (Section 8.2) plus those expected from the 
proposed gas processing facility (Section 8.3). The pollutants taken into consideration in 
this section include NO2, SO2, PM10 and O3. The maximum ground-level concentration of 
each of these pollutants is compared to the NEPM criteria. 
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9.3.1. Oxides of Nitrogen (as NO2)
 
The maximum 1-hour predicted ground-level NO2 concentrations are presented in Figure 
9-13.  When the results presented in this figure are compared to that for the normal 
operating scenario (Figure 9-5) it is apparent that the shiploading operations have 
minimal impact. The maximum predicted ground-level concentration is 39 ppb, which is 
identical to that predicted for the normal operating scenario case, and is 32% of the NEPM 
criteria, shown in Table 9-4.
 

 
 Figure 9-13 Future case (during shiploading) - maximum 1-hour NO2 concentrations 

(ppb) 
 
The predicted annual average ground-level NO2 concentrations are presented in Figure 
9-14. When the results presented in this figure are compared to that for the normal 
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operating scenario (Figure 9-6) it is apparent that the shiploading operations do not 
increase the ground-level concentrations.   
 

 
 Figure 9-14 Future case (during shiploading) - annual NO2 concentrations (ppb) 
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9.3.2. Sulfur dioxide 
 
The maximum 1-hour predicted ground-level SO2 concentrations are presented in Figure 
9-15.  When the results presented in this figure are compared to that for the normal 
operating scenario (Figure 9-7) it is apparent that the shiploading operations have 
minimal impact. The maximum predicted ground-level concentration is 3.5 ppb, which is 
identical to that predicted for the normal operating scenario case, and is 1.7% of the 
NEPM criteria, shown in Table 9-4. 

 
 Figure 9-15 Future case (during shiploading) - maximum 1-hour SO2 concentrations 

(ppb) 
 
The maximum 24-hour predicted ground-level SO2 concentrations are presented in Figure 
9-16.  When the results presented in this figure are compared to that for the normal 
operating scenario (Figure 9-8) it is apparent that the shiploading operations have 
minimal impact. The maximum predicted ground-level concentration is 1.1 ppb, which is 
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identical to that predicted for the normal operating scenario case, and is 1.4% of the 
NEPM criteria, shown in Table 9-4. 
 

 
 Figure 9-16 Future case (during shiploading) - maximum 24-hour SO2 concentrations 

(ppb) 
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The annual average predicted ground-level SO2 concentrations are presented in Figure 
9-17.  When the results presented in this figure are compared to that for the normal 
operating scenario (Figure 9-9) it is apparent that the shiploading operations have 
minimal impact. The maximum predicted ground-level concentration is 0.6 ppb, which is 
identical to that predicted for the normal operating scenario case, and is 2.8% of the 
NEPM criteria, shown in Table 9-4. 

 
 Figure 9-17 Future case (during shiploading) - annual NO2 concentrations (ppb) 

 
 
9.3.3. Particulates 
 
The maximum 24-hour predicted ground-level PM10 concentrations during shiploading 
operations are presented in Figure 9-18. The maximum predicted ground-level 
concentration is 27 µg/m3, which is 54% of the NEPM criteria, shown in Table 9-4.  The 
maximum predicted ground-level concentration at Onslow is 25 μg/m3 which is 50% of the 
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NEPM criteria.  These concentrations include a constant background concentration of 22 
μg/m3 as discussed in Section 6.3.
 

 
 Figure 9-18 Future case (during shiploading) - maximum 24-hour PM10 concentrations 

(µg/m3)
 
 
9.3.4. Ozone 
 
The maximum predicted future concentrations of 1-hour ozone are presented in Figure
9-19. When these concentrations are compared to the normal operating scenario it is 
apparent that the maximum ground-level concentrations are still predicted to occur 
offshore. The maximum ground-level concentration has remained constant at 44 ppb, 
which represents 44% of the NEPM criteria. 
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It is important to note that this maximum concentration is predicted to occur offshore and 
that the maximum concentration that is predicted to occur within Onslow remains 
unchanged from the normal operations at 38 ppb which represents 38% of the NEPM 
criteria. 
 

 
 Figure 9-19 Future case (during shiploading) - maximum 1-hour O3 concentrations (ppb) 

 
The predicted future 4-hourly O3 concentrations during shiploading operations are 
presented in Figure 9-20, and as with the 1-hour concentration there is little change in the 
isopleth locations. The maximum predicted ground-level concentration has remained the 
same as the normal operating scenario at 40 ppb or 50% of the NEPM criteria. 
 
It is important to note that this maximum concentration is predicted to occur offshore.  The 
maximum concentration that is predicted to occur within Onslow has remained at 34 ppb 
which represents 43% of the NEPM criteria. 
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 Figure 9-20 Future case (during shiploading) - maximum 4-hour O3 concentrations (ppb) 
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9.3.5. Maximum on Grid 
 
The maximum predicted future ground-level concentrations for NO2, SO2, PM10 and O3 
during shiploading operations are presented in Table 9-4 below. A comparison between 
the criteria and the maximum predicted ground-level concentrations shows that all the 
predicted concentrations for modelled pollutants are below the respective criteria. 
 

 Table 9-4 Maximum predicted future ground-level concentration during shiploading 
operating conditions 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 
1-hour ppb 120  39  24  32%  20% 

Annual ppb 30  2.8  0.5  9%  2% 

SO2 1 km 

1-hour ppb 200  3.5  0.7  1.7%  0.3% 

24-hour ppb 80  1.1  0.1  1.4%  0.1% 

Annual ppb 20  0.6  0.0  2.8%  0.1% 

PM10 1-km 24-hour µg/m3 50  27  25  54%(1)  50% 

O3 3 km 
1-hour ppb 100  44  38  44%  38% 

4-hour ppb 80  40  34  50%  43% 
1. In Table 9-2 (normal operations), 27 µg/m3 is presented as 53% of the assessment criteria. The difference is due to rounding of significant 
figures and is insignificant in the context of the impact to air quality and human health. 

 
 
9.4. Future Air Quality – Upset Condition 1 (Start-up) 
 
As outlined in Section 8.4.2, the future TAPM modelling results for the proposed Chevron 
Wheatstone facility under non-routine “Upset 1” conditions are presented here. This upset 
condition is for a cold start of a single gas processing train.  A cold re-start is expected to 
take approximately six hours, during which time approximately 30% of the normal flow 
rate of a single LNG train may be directed to the flare as the LNG is brought to product 
specification. 
 
Given the short duration of this event, results are presented for short-term averages only. 
The pollutants taken into consideration in this section include NO2, SO2, PM10 and O3. The 
maximum ground-level concentration of each of these pollutants is compared to the 
NEPM criteria. 
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9.4.1. Oxides of Nitrogen (as NO2)
 
The maximum 1-hour predicted ground-level NO2 concentrations during upset condition 1 
are presented in Figure 9-21. The maximum predicted ground-level concentration is 
39 ppb, which is identical to that predicted to occur during normal operations (Table 9-3) 
and is 32% of the NEPM criteria, as shown in Table 9-5.
 

 
 Figure 9-21 Future Case - maximum 1-hour ground-level concentrations of NO2 during 

Upset Condition 1 (ppb) 

9.4.2. Sulfur dioxide 

The maximum 1-hour predicted ground-level SO2 concentrations during upset condition 1 
are presented in Figure 9-22. The maximum predicted ground-level concentration is 
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3.3 ppb, which is slightly lower than that predicted to occur during normal operations 
(Table 9-3) and is 1.6% of the NEPM criteria, as shown in Table 9-5.

 

 
 Figure 9-22 Future Case - maximum 1-hour ground-level concentrations of SO2 during 

Upset Condition 1 (ppb) 

9.4.3. Particulates 
 
The maximum 24-hour predicted ground-level PM10 concentrations during upset condition 
1 are presented in Figure 9-23. The maximum predicted ground-level concentration is 
28 μg/m3, which is 55% of the NEPM criteria, shown in Table 9-5.  This maximum 
concentration is predicted to occur adjacent to the facility.  The maximum predicted 
concentration at Onslow is 25 μg/m3 (50% of the applicable NEPM criteria) and is an 
identical concentration to that predicted to occur during normal operations. These 
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concentrations include a constant background concentration of 22 μg/m3 as discussed in 
Section 6.3.
 

 
 Figure 9-23 Future Case - maximum 24-hour ground-level concentrations of PM10 during 

Upset Condition 1 

9.4.4. Ozone 
 
The maximum 1-hour predicted ground-level O3 concentrations during upset condition 1 
are presented in Figure 9-24. The maximum predicted ground-level concentration for the 
1-hour averaging period is 43 ppb which is slightly lower than that predicted to occur 
during normal operations (Table 9-3).   
 
The maximum predicted 1-hour concentration at Onslow is 38 ppb, equivalent to that 
predicted to occur during normal operations and represents 38% of the NEPM criteria.
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 Figure 9-24 Future Case - maximum 1-hour ground-level concentrations of O3 during 

Upset Condition 1 (ppb) 
 
 
 
9.4.5. Maximum on Grid 
 
The maximum predicted future ground-level concentrations for NO2, SO2, PM10 and O3, 
during upset condition 1 are presented in Table 9-5 below. A comparison has been made 
between the maximum predicted future ground-level concentrations and the NEPM 
criteria, which is also displayed in this table. This table demonstrates that the predicted 
concentrations for all modelled pollutants are below the assessment criteria. 
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 Table 9-5 Future Case - maximum predicted ground-level concentration under Upset 
Condition 1 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 1-hour ppb 120 39 24 32% 20% 
SO2 1-km 1-hour ppb 200 3.3 0.6 1.6% 0.3% 
PM10 1-km 24-hour µg/m3 50 28 25 55% 50% 
O3 3 km 1-hour ppb 100 43 38 43% 38% 

 
 
 
 
9.5. Future Air Quality – Upset Condition 2 
 
As outlined in Section 8.4.3 the future TAPM modelling results for the proposed Chevron 
Wheatstone facility under non-routine “Upset 2” conditions are presented here.  This 
scenario is based on a process emergency shutdown, resulting in peak flaring for 
approximately 15 minutes. During this type of event, all equipment on one train will be 
shutdown, while the other trains will continue to operate normally. 
 
Given the short duration of this event, results are presented for short-term averages only. 
The pollutants taken into consideration in this section include NO2, SO2, PM10 and O3. The 
maximum ground-level concentration of each of these pollutants is compared to the 
NEPM criteria. 
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9.5.1. Oxides of Nitrogen (as NO2)

The maximum 1-hour predicted ground-level NO2 concentrations during upset condition 2 
are presented in Figure 9-25. The maximum predicted ground-level concentration is 
36 ppb, which represents a decrease of 3 ppb when compared to that predicted to occur 
during normal operations (Table 9-3).  This predicted maximum concentration is 30% of 
the NEPM criteria, as shown in Table 9-6. It is important to note that although peak flaring 
is expected to occur for approximately 15 minutes the modelling has assumed that this 
flaring rate will occur over an hour and has been modelled to occur over every hour for a 
full year.   

 
 Figure 9-25 Future Case - maximum 1-hour ground-level concentrations of NO2 during 

Upset Condition 2 (ppb) 
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9.5.2. Sulfur dioxide 
The maximum 1-hour predicted ground-level SO2 concentrations during upset condition 2 
are presented in Figure 9-26. The maximum predicted ground-level concentration is 
2.2 ppb, which represents a decrease of 1.3 ppb when compared to that predicted to 
occur during normal operations (Table 9-3).  This predicted maximum concentration is 
1.1% of the NEPM criteria, as shown in Table 9-6.  

 
 Figure 9-26 Future Case - maximum 1-hour ground-level concentrations of SO2 during 

Upset Condition 2 (ppb) 
 
9.5.3. Particulates 
 
The maximum 24-hour predicted ground-level PM10 concentrations during upset condition 
2 are presented in Figure 9-27.  The maximum predicted ground-level concentration is 
44 μg/m3, which is equivalent to 87% of the NEPM criteria, shown in Table 9-6, which is 
predicted to occur adjacent to the proposed facility.
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The maximum predicted concentration at Onslow is 25 μg/m3 (50% of the applicable 
NEPM criteria) and is a similar concentration to that predicted to occur during normal 
operations. These concentrations include a constant background concentration of 22 
μg/m3 as discussed in Section 6.3. 
 

 
 Figure 9-27 Future Case - maximum 24-hour ground-level concentrations of PM10 during 

Upset Condition 2 (μg/m3)
 
9.5.4. Ozone 
 
The maximum 1-hour predicted ground-level O3 concentrations during upset condition 2 
are presented in Figure 9-28. The maximum predicted ground-level concentration is 
44 ppb, which is identical (at the level of significance presented) to that predicted to occur 
during normal operations (Table 9-3).  As with the predicted concentrations during normal 
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operations, the maximum concentrations during upset condition 2 are predicted to occur 
offshore.   
 
The maximum predicted concentration at Onslow is 37 ppb which is 1 ppb lower than that 
predicted to occur during normal operations and represents 37% of the NEPM criteria.
 

 
 Figure 9-28 Future Case - maximum 1-hour ground-level concentrations of O3 during 

Upset Condition 2 (ppb) 
 
 
9.5.5. Maximum on Grid 
 
The maximum predicted future ground-level concentrations for NO2, SO2, PM10 and O3 
during upset condition 2 are presented in Table 9-6 below. A comparison has been made 
between the maximum predicted future ground-level concentrations and the NEPM 
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criteria, which is also displayed in this table. This table demonstrates that the predicted 
concentrations for all modelled pollutants are below the assessment criteria. 
 

 Table 9-6 Future Case - maximum predicted future ground-level concentration under 
Upset Condition 2 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 1-hour ppb 120 36 23 30% 19% 
SO2 1 km 1-hour ppb 200 2.2 0.6 1.1% 0.3% 
PM10 1-km 24-hour µg/m3 50 44 25 87% 50% 
O3 3 km 1-hour ppb 100 44 37 44% 37% 

9.6. Future Air Quality – Potential Cumulative Impact 
 
The modelling for the potential cumulative air quality impacts was conducted assuming 
normal operating conditions and incorporates the emissions from the Chevron 
Wheatstone Project (Section 8.3) and two additional gas processing facilities located on 
an adjacent site, immediately to the south of the Chevron Wheatstone facility (Section 
8.5). The pollutants taken into consideration in this section include NO2, SO2, PM10 and 
O3. The maximum ground-level concentration of each of these pollutants is assessed 
against the NEPM criteria.  
 
It is important to note that the emissions used in this scenario for the additional gas 
processing facility and the proposed Domgas plant are only indicative and that additional 
dispersion modelling will be required once the correct facility layout is determined by the 
proponents.
 
 
9.6.1. Oxides of Nitrogen (as NO2)
 
The maximum 1-hour predicted ground-level NO2 concentrations are presented in Figure 
9-29.  When the results presented in this figure are compared to that for the proposed 
Chevron Wheatstone facility operating during normal conditions (Figure 9-5), the impact 
of the additional gas processing trains on ground-level concentrations of NO2 is apparent. 
The maximum predicted ground-level concentration is 42 ppb (Table 9-7), which 
represents an increase of 3 ppb from that predicted for the normal operating scenario 
(Table 9-3), and is 35% of the NEPM criterion (Table 9-7), 
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 Figure 9-29 Cumulative scenario - maximum 1-hour NO2 concentrations (ppb) 

 
The predicted annual average ground-level NO2 concentrations are presented in Figure 
9-30. When the results presented in this figure are compared to that for the proposed 
Chevron Wheatstone facility during normal operating conditions (Figure 9-6), it is 
apparent that there is little cumulative impact with the introduction of the potential 
additional gas processing facilities on ground-level concentrations of NO2.  The maximum 
predicted annual ground-level concentration is predicted to increase from 2.8 ppb to 3.2 
ppb, which is 11% of the NEPM criterion.  
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 Figure 9-30 Cumulative scenario - annual NO2 concentrations (ppb) 

 
9.6.2. Sulfur dioxide 
 
The maximum 1-hour predicted ground-level SO2 concentrations are presented in Figure 
9-31.  When the results presented in this figure are compared to that for the proposed 
Chevron Wheatstone facility operating during normal conditions (Figure 9-7), it is 
apparent that there is little cumulative impact with the introduction of additional gas 
processing trains on ground-level concentrations of SO2. The maximum predicted ground-
level concentration is 3.5 ppb (Table 9-7), which is identical to that predicted for the 
normal operating scenario (Table 9-3), and is 1.8% of the NEPM criterion (Table 9-7). 
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 Figure 9-31 Cumulative scenario - maximum 1-hour SO2 concentrations (ppb) 
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The maximum 24-hour predicted ground-level SO2 concentrations are presented in Figure 
9-32.  When the results presented in this figure are compared to that for the proposed 
Chevron Wheatstone facility operating during normal conditions (Figure 9-8), it is 
apparent  that the additional gas processing trains have minimal impact on ground-level 
concentrations of SO2. The maximum predicted ground-level concentration is 1.3 ppb 
(Table 9-7), which is slightly higher than that predicted for the normal operating scenario 
(Table 9-3), and is 1.6% of the NEPM criterion (Table 9-7). 

 
 Figure 9-32 Cumulative scenario - maximum 24-hour SO2 concentrations (ppb) 
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The predicted annual average ground-level SO2 concentrations are presented in Figure 
9-33. When the results presented in this figure are compared to that for the proposed 
Chevron Wheatstone facility during normal operating conditions (Figure 9-9), it is 
apparent that there is little cumulative impact with the introduction of the potential 
additional gas processing facilities on ground-level concentrations of SO2.  The maximum 
predicted annual ground-level concentration is 0.6 ppb, and is 3% of the NEPM criterion.  
 

 
 Figure 9-33 Cumulative scenario - annual SO2 concentrations (ppb) 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

186 | Chevron Australia Pty Ltd

Chevron Australia (Pty) Ltd 
Wheatstone Project 
Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

     SINCLAIR KNIGHT MERZ 

PAGE 90 I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc

9.6.3. Particulates 
 
The maximum 24-hour predicted ground-level PM10 concentrations during the potential 
cumulative scenario are presented in Figure 9-34. The maximum predicted ground-level 
concentration is 27 μg/m3, which is 54% of the NEPM criteria, shown in Table 9-7. This is 
similar to that predicted for normal operations, as shown in Figure 9-10. The 
concentrations presented in this figure include a constant background concentration of 22 
μg/m3 as discussed in Section 6.3.
 

 
 Figure 9-34 Cumulative scenario - maximum 24-hour PM10 concentrations (µg/m3)
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9.6.4. Ozone 
 
The predicted future concentrations of hourly O3 for the cumulative scenario are presented 
in Figure 9-35. When these concentrations are compared to the current normal operating 
scenario (Figure 9-11), it is apparent that the maximum ground-level concentrations are 
still predicted to occur offshore. The maximum ground-level concentration has remained 
at 44 ppb, which represents 44% of the NEPM criteria. 
 
It is important to note that this maximum concentration is predicted to occur offshore. The 
maximum concentration that is predicted to occur within Onslow is 38 ppb, which 
represents 38% of the NEPM criterion. 
 

 
 Figure 9-35 Cumulative scenario - maximum 1-hour O3 concentrations (ppb) 
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The predicted future 4-hourly O3 concentrations are presented in Figure 9-36 and, as with 
the 1-hour concentration, there is little change in the location of the isopleths. The 
maximum ground-level concentration has increased from the current normal operating 
scenario from 50% up to 51% of the NEPM criterion. 
 
It is important to note that this maximum concentration is predicted to occur offshore.  The 
maximum concentration that is predicted to occur within Onslow has increased marginally 
from 34 ppb to 35 ppb, which represents 44% of the NEPM criterion. 
 
 

 
 Figure 9-36 Cumulative scenario - maximum 4-hour O3 concentrations (ppb) 
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9.6.5. Maximum on Grid 
 
The maximum predicted future ground-level concentration for NO2, SO2, PM10 and O3 are 
presented in Table 9-7 below. A comparison between the criteria and the maximum 
predicted ground-level concentrations shows that all the predicted concentrations for 
modelled pollutants are below the criterion. 
 

 Table 9-7 Maximum predicted future ground-level concentration for cumulative impacts 
under normal operating conditions 

Pollutant Modelled 
Grid 

Averaging 
Period Unit

NEPM
Criteria

Maximum on Grid Percentage of Criteria 
On Grid Onslow On Grid Onslow 

NO2 1 km 
1-hour ppb 120 42 26 35% 21% 
Annual ppb 30 3.2 0.5 11% 2% 

SO2 1 km 
1-hour ppb 200 3.5 0.8 1.8%(1) 0.4% 

24-hour ppb 80 1.3 0.1 1.6% 0.2% 
Annual ppb 20 0.6 0.0 3.0%(2) 0.1% 

PM10 1-km 24-hour µg/m3 50 27 25 54% 50% 

O3 3 km 
1-hour ppb 100 44 38 44% 38% 
4-hour ppb 80 41 35 51% 44% 

1. In Table 9-2 (normal operations), 3.5 ppb is presented as 1.7% of the assessment criteria. The difference is due to rounding of significant 
figures and is insignificant in the context of the impact to air quality and human health. 
2. In Table 9-2 (normal operations), 0.6 ppb is presented as 2.8% of the assessment criteria. The difference is due to rounding of significant 
figures and is insignificant in the context of the impact to air quality and human health. 

 
9.7. Impact on Vegetation - Dry Deposition of NOx
 
Acid deposition occurs when NOx reacts with water, oxygen and other oxidants in the 
atmosphere to form acidic compounds. These acid compounds precipitate in rain, snow 
and fog, or in dry form as gases and particles. The NOx gases and their particulate matter 
derivatives and nitrate aerosols may contribute to air quality impacts, for example, by the 
acidification of lakes and streams, damage to forest ecosystems and acceleration of the 
decay of building materials (USEPA 2007). The deposition quantities provided in this 
assessment are considered indicative of what may occur. 
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9.7.1. NO2 Deposition for Chevron Wheatstone in Isolation 
 
The TAPM predictions for the existing NO2 deposition (kg/ha/annum) results are provided 
in Figure 9-37. The highest predicted NO2 deposition rate of 0.06 kg/ha/annum is 
predicted to occur to the south of the proposed facility. It must be noted that the results 
are strongly dependent on the biogenic emission estimation and the NO2 solubility used in 
the calculations. 
 

 
 Figure 9-37 Existing Case - Predicted Annual NO2 Deposition (kg/ha/annum) 

 
The TAPM predictions for the future NO2 deposition (kg/ha/annum) results are provided in 
Figure 9-38. The highest NO2 deposition rate of 3.8 kg/ha/annum is predicted to occur 
adjacent to the proposed facility. This deposition rate is well within the WHO guidelines 
(Section 4.3.2) and as such NO2 deposition from the proposed gas processing facility can 
be considered to be insignificant. 
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 Figure 9-38 Future Case - Predicted Annual NO2 Deposition (kg/ha/annum) 

 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

192 | Chevron Australia Pty Ltd

Chevron Australia (Pty) Ltd 
Wheatstone Project 
Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

     SINCLAIR KNIGHT MERZ 

PAGE 96 I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc

9.8. Summary of Results for Chevron Wheatstone in Isolation  

9.8.1. Potential Impact on Human Health 
 
Of the NEPM criteria pollutants (metals, pesticides, PAHs, VOCs, POPs, dioxins and 
furans and asbestos), the highest risk NEPM ‘criteria air pollutants’ identified for detailed 
examination in this assessment are NO2, SO2, PM10 and O3 with the others being not 
significant to this project. 
 
Existing (non-industrial) Air Quality Case 
 
Existing (non-industrial) air quality, that is the contribution of emissions from biogenic 
sources in the region, is predicted to be well below the NEPM criteria for both the 
predicted 1-hour and 4-hour ground-level ozone concentrations. Maximum concentrations 
are predicted to occur offshore. The 1-hour and annual ground-level concentrations of 
NO2 are also influenced by the non-industrial sources but to a lesser degree 
(approximately 1% of the NEPM criteria). 
 
Future air quality – normal operations 
 
Atmospheric emissions from the proposed Chevron Wheatstone facility will contribute to a 
relatively small increase in predicted ground-level concentrations of NO2, SO2, PM10, and 
O3. Particulate concentrations remain well within the NEPM criteria as well. 
 
This assessment has shown that for NO2, SO2, PM10 and O3, no exceedances of the 
relevant assessment criteria are expected as a result of operating the proposed facility. 
The highest predicted concentration within the modelled region under normal operating 
conditions (without shiploading occurring) for any pollutant represented 53% of the NEPM 
criteria (for the 24-hourly PM10 concentration) and is predicted to occur adjacent to the 
facility. During shiploading, the 24-hourly PM10 concentration increases slightly to 54% of 
the NEPM criteria. The maximum predicted concentration at Onslow, both with and 
without shiploading, is 50% of the NEPM criteria. 
 
Modelling of the BTEX pollutants indicate that the predicted ground level concentrations is 
very low with benzene having the highest predicted impact on the model grid at 8.4% of 
the NEPM investigation level. 
 
Future air quality – upset operations 
 
Atmospheric emissions from the proposed Chevron Wheatstone facility during upset 
conditions have the potential to result in an increase in the predicted ground-level 
concentrations of NO2, SO2, PM10 and O3. 
 
This assessment has shown that for, NO2, O3 and PM10, no exceedances of the relevant 
assessment criteria are expected from the proposed facility during an upset condition. The 
highest predicted concentration within the region, for any pollutant, represented 87% of 
the NEPM criteria (for the 24-hourly PM10 concentration during an emergency shutdown of 
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a single gas processing train).  Nonetheless, the maximum predicted concentration at 
Onslow during an emergency shutdown up remains at 50% of the NEPM criteria. 
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9.8.2. Potential Impact on Vegetation from Deposition 
 
This assessment of deposition of NO2 for the region surrounding the proposed Chevron 
Wheatstone facility, incorporating all emissions associated with existing sources and the 
proposed gas processing facility indicates that ‘typical high’ NO2 deposition rates in the 
region around Onslow are 3.8 kg/ha/annum. These levels are well under WHO (2000) 
guidelines for assessing the risks of impacts on vegetation; that is, WHO guidelines 49 to 
66 kg/ha/annum (NO2). 
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10. Conclusion  

10.1. Overview 
 
As part of the EIS/ERMP process for the onshore development of the Chevron 
Wheatstone Project, an air quality assessment was undertaken to determine the predicted 
air quality impacts from operation of the development. The air quality assessment was 
carried out in accordance with the Air Quality and Air Pollution Modelling Guidance Notes 
(DOE, 2006).  
 
The assessment included an analysis and description of existing air quality in the region 
and an estimate of potential air quality impacts during normal and defined upset operating 
conditions.  The potential ground-level concentrations of NO2, SO2, PM10 and O3 from the 
proposed development were modelled and compared to the relevant assessment criteria.   
 
10.2. Existing Sources of Air Quality Impacts 
 
There is no direct information available on the local ambient air quality experienced in the 
Onslow region. Based on the regional setting ambient air quality is expected to be 
influenced by ocean sources, regional smoke from bush fires and prescribed burning 
activities. 
 
Dispersion modelling predicts that the maximum 1-hour concentration of NO2 is only 1% of 
the NEPM criteria.  The maximum predicted 4-hour ozone concentration is 22 ppb which 
is equivalent to 27% of the NEPM criteria. Existing PM10 concentrations were not 
modelled due to the complexities of modelling short term events that vary spatially. 
 
10.3. Wheatstone Air Quality Impacts 
 
With addition of the Wheatstone processing facilities to the existing scenario, 
concentrations of all pollutants are predicted to increase under normal operating 
conditions. While the largest impact in terms of percentage of the NEPM under normal 
operating conditions is for particulates (maximum on the grid is 53% of NEPM), the most 
significant increase is predicted to occur for ozone. Under normal operating conditions 
with shiploading, the maximum predicted 4-hour average concentration for ozone, 
anywhere on the modelled grid, was 40 ppb which is below the relevant NEPM 4-hour 
average standard (50%).  The maximum predicted 4-hour ozone concentration at Onslow 
is predicted to be even lower at 43% of the NEPM criteria.   
 
Modelling of the BTX pollutants indicate that the predicted ground level concentrations is 
very low with benzene having the highest predicted impact on the model grid at 8.4% of 
the applicable NEPM investigation level. 
 
During start-up operations the model is predicting that the maximum 1-hour concentration 
for O3, anywhere on the modelled grid will be slightly less to that under normal operating 
conditions (with shiploading), at 43% of the applicable NEPM criteria.  The maximum 
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predicted 1-hour ozone concentration at Onslow is predicted to be 38% of the NEPM 
criteria. 
 
During an emergency shutdown (Condition 2) event the model is predicting that the 
maximum 24-hour concentration for PM10, anywhere on the modelled grid, will increase by 
1 μg/m3 to 28 μg/m3, or 55% of the applicable NEPM criteria.  The maximum predicted 24-
hour PM10 concentration at Onslow is predicted to be even lower at 50% of the NEPM 
criteria. 

10.4. Cumulative Air Quality Impacts  
 
Dispersion modelling was also conducted to determine the potential cumulative air quality 
impacts assuming an additional gas processing facility and a Domgas plant located 
adjacent and to the south of the proposed Chevron Wheatstone facility.  The potential 
ground-level concentrations resulting from the emissions of these additional gas 
processing facilities have been modelled utilising the same emission parameters from the 
fifth LNG train at the proposed Chevron Wheatstone facility while the Domgas facility 
emissions were taken as identical to that used in the assessment of the Apache Domgas 
facility at Devils Creek.  The results indicate a slight increase in all modelled pollutants 
though all predicted concentrations are well within the applicable NEPM criteria. 
 
It is important to note that this modelling is only conducted to provide an indication of the 
potential cumulative impacts of the Chevron Wheatstone facility in combination with 
potential additional gas processing facilities on adjacent land to the south. Further 
dispersion modelling will have to be conducted by the proponent/s of these facilities with 
more detailed emission characteristics. 
 
10.5. Summary of Key Findings 
 
This air quality assessment concludes with the following key findings: 
 

 Normal and non-routine emissions from the proposed Chevron Wheatstone 
operations are not expected to cause any significant air quality impacts within the 
study area. 

 Throughout the year, no exceedances of the relevant air quality standards are 
expected for any of the pollutants studied. 

 
Being mindful that further scientific work is required to determine uncertainties for 
modelling depositions, this assessment has determined that the deposition of NO2 from 
the proposed gas processing facility would be insignificant.  
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Appendix A Abbreviations and Acronyms 
 
AEC   Australian Environment Council  
BoM   Australian Bureau of Meteorology 
BTEX  Benzene, toluene, ethylbenzene, and xylene 
BEWA 2000  Regional biogenic emissions of reactive volatile organic compounds 

(BVOC) from   forests: Process studies, modelling and validation 
experiments (Steinbrecher, 2006) 

BVOC  Biogenic volatile organic compounds 
°C   Degrees Celsius  
cal/s  Calories per second 
CO2   Carbon dioxide 
CO2e   Carbon dioxide equivalent 
CO   Carbon monoxide 
CSIRO  Commonwealth Scientific and Industrial Research Organisation 
DEC   Western Australian Department of Environment and Conservation 
DEWHA   Commonwealth Department of the Environment, Water, Heritage and the 

Arts 
DLE  Dry, Low NOx 
DoE   Western Australian Department of Environment (superseded by the 

Department of Environment and Conservation) 
Domgas  Domestic gas 
EA  Environment Australia 
EIS/ERMP   Environmental Impact Statement/Environmental Review and 

Management Programme 
EPA   Western Australian Environmental Protection Authority 
eq/ha/annum Acid equivalents per hectare per year 
g/m3  Grams per cubic metre  
g/s  Grams per second 
H2O  Water 
hPa  Hectopascal 
kg   Kilogram 
kg/ha   Kilogram per hectare 
kg/ha/annum Kilograms per hectare per year 
km   Kilometre 
km2  Square kilometres 
LNG   Liquefied natural gas 
LPG  Liquid petroleum gas 
MAQS  Metropolitan Air Quality Study 
mg/m2/hr  Milligrams per square metre per hour 
mm  Millimetres 
MOF   Material offloading facility 
MTPA   Million tonnes per annum 
NEPC   National Environment Protection Council 
NEPM   National Environment Protection Measure 
NHMRC  National Health and Medical Research Centre 
NO  Nitric oxide 
N2O  Nitrous oxide 
NO2  Nitrogen dioxide 
NO3

-  Nitrate ion 
NOHSC  National Occupational Health and Safety Commission 
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NOX  Oxides of nitrogen 
NPI  National Pollutant Inventory 
O2  Oxygen molecule 
O3  Ozone 
OH-   Hydroxyl radical 
PAH   Polycyclic aromatic hydrocarbon 
PAR  Photosynthetically active radiation 
Pb  Lead 
PM2.5  Particulate matter of 2.5 microns or less 
PM10   Particulate matter of 10 microns or less 
POPs  Persistent organic pollutants 
ppb  Parts per billion 
ppm   Parts per million 
ppmv  Parts per million per volume 
SKM  Sinclair Knight Merz 
SO2   Sulfur dioxide 
SO3

2-  Sulphate ion 
SOX   Oxides of sulfur 
t/yr  Tonnes per year 
TAPM  The Air Pollution Model 
TIBL  Thermal Internal Boundary Layer 
µg/m2/hr  Micrograms per square metre per hour 
µg/m3  Micrograms per cubic metre 
USEPA  United States Environmental Protection Agency 
VOC  Volatile organic compound 
WA   Western Australia 
WHO  World Health Organisation 
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Appendix B Spatial Distribution of Vegetation 
Types
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Appendix C TAPM *.lis File 
 |----------------------------------------| 
 | THE AIR POLLUTION MODEL (TAPM V4.0.2). | 
 | Copyright (C) CSIRO Australia.         | 
 | All Rights Reserved.                   | 
 |----------------------------------------| 

 ---------------- 
 RUN INFORMATION: 
 ---------------- 
 NUMBER OF GRIDS=            4 
 GRID CENTRE (longitude,latitude)=(   114.9917     ,  -21.70833     ) 
 GRID CENTRE (cx,cy)=(      292000 ,     7598000 ) (m) 
 GRID DIMENSIONS (nx,ny,nz)=(          31 ,          31 ,          25 ) 
 NUMBER OF VERTICAL LEVELS OUTPUT =          15 
 DATES (START,END)=(    20061230 ,    20070331 ) 
 DATE FROM WHICH OUTPUT BEGINS =    20070101 
 LOCAL HOUR IS GMT+   7.700000
 TIMESTEP SCALING FACTOR =   1.000000
 VARY SYNOPTIC WITH 3-D SPACE AND TIME 
 V4 LAND SURFACE SCHEME 
 EXCLUDE NON-HYDROSTATIC EFFECTS 
 INCLUDE PROGNOSTIC RAIN EQUATION 
 EXCLUDE PROGNOSTIC SNOW EQUATION 
 TKE-EPS TURBULENCE (PROGNOSTIC TKE + EPS, EDMF) 
 POLLUTION : CHEMISTRY (APM,NOX,NO2,O3,SO2,FPM) 
 EXCLUDE POLLUTANT VARIANCE EQUATION 
 EXCLUDE 3-D POLLUTION OUTPUT (*.C3D) 
 POLLUTANT GRID DIMENSIONS (nxf,nyf)=(          57 ,          57 ) 
 BACKGROUND APM    =  0.0000000E+00 (ug/m3) 
 BACKGROUND NOX&NO2=  0.0000000E+00 (ppb) 
 BACKGROUND O3     =   20.00000     (ppb) 
 BACKGROUND Rsmog  =  0.2000000     (ppb) 
 BACKGROUND SO2    =  0.0000000E+00 (ppb) 
 BACKGROUND FPM    =   5.000000     (ug/m3) 
 pH of liquid water=   4.500000

 --------------------------------- 
 START GRID           1 CWheat300a 
 METEOROLOGY IS BEING INPUT FROM *.M3D FILES 
 GRID SPACING (delx,dely)=(       30000 ,       30000 ) (m) 
 POLLUTANT GRID SPACING (delxf,delyf)=(       15000 ,       15000 ) (m) 
 NO CONCENTRATION BACKGROUND FILE AVAILABLE 
 NO BUILDING FILE AVAILABLE 
 NUMBER OF pse SOURCES=          56 
 NO lse EMISSION FILE AVAILABLE 
 NO ase EMISSION FILE AVAILABLE 
 USING gse EMISSIONS AND MIXING THEM OVER FIRST           1 LEVEL(S) 
 NO bse EMISSION FILE AVAILABLE 
 NO whe EMISSION FILE AVAILABLE 
 NO vpx EMISSION FILE AVAILABLE 
 NO vdx EMISSION FILE AVAILABLE 
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 NO vlx EMISSION FILE AVAILABLE 
 NO vpv EMISSION FILE AVAILABLE 
 INITIALISE 
 LARGE TIMESTEP =   300.0000
 METEOROLOGICAL ADVECTION TIMESTEP =   300.0000     (s) 
 POLLUTION ADVECTION TIMESTEP =   300.0000     (s) 
 pse KEY : 
 is    = Source Number 
 ls    = Source Switch (-1=Off,0=EGM,1=EGM+LPM) 
 xs,ys = Source Position (m) 
 hs    = Source Height (m) 
 rs    = Source Radius (m) 
 es    = Buoyancy Enhancement Factor 
 fs_no = Fraction of NOX Emitted as NO 
 fs_fpm= Fraction of APM Emitted as FPM 
 INIT_pse 
  is,  ls,       xs,       ys,       hs,       rs,       es,    fs_no,
fs_fpm
   1,   0,  293196., 7599464.,    28.30,     1.30,     1.00,     0.90,
0.50,
   2,   0,  293211., 7599460.,    28.30,     1.30,     1.00,     0.90,
0.50,
   3,   0,  293225., 7599456.,    28.30,     1.30,     1.00,     0.90,
0.50,
   4,   0,  293240., 7599452.,    28.30,     1.30,     1.00,     0.90,
0.50,
   5,   0,  293254., 7599448.,    28.30,     1.30,     1.00,     0.90,
0.50,
   6,   0,  293269., 7599444.,    28.30,     1.30,     1.00,     0.90,
0.50,
   7,   0,  292971., 7599423.,    28.30,     1.30,     1.00,     0.90,
0.50,
   8,   0,  292965., 7599400.,    28.30,     1.30,     1.00,     0.90,
0.50,
   9,   0,  292959., 7599376.,    28.30,     1.30,     1.00,     0.90,
0.50,
  10,   0,  292953., 7599353.,    28.30,     1.30,     1.00,     0.90,
0.50,
  11,   0,  292947., 7599330.,    28.30,     1.30,     1.00,     0.90,
0.50,
  12,   0,  292940., 7599307.,    28.30,     1.30,     1.00,     0.90,
0.50,
  13,   0,  292677., 7599339.,    87.00,     0.70,     1.00,     0.90,
0.50,
  14,   0,  292677., 7599339.,    87.00,     0.70,     1.00,     0.90,
0.50,
  15,   0,  293069., 7600000.,    13.10,     0.00,     1.00,     0.90,
0.50,
  16,   0,  293005., 7599653.,    50.00,     1.30,     1.00,     0.90,
0.50,
  17,   0,  293343., 7599781.,    35.00,     0.40,     1.00,     0.90,
0.50,
  18,   0,  293137., 7599245.,    28.30,     1.30,     1.00,     0.90,
0.50,
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  19,   0,  293152., 7599241.,    28.30,     1.30,     1.00,     0.90,
0.50,
  20,   0,  293166., 7599237.,    28.30,     1.30,     1.00,     0.90,
0.50,
  21,   0,  293181., 7599233.,    28.30,     1.30,     1.00,     0.90,
0.50,
  22,   0,  293195., 7599229.,    28.30,     1.30,     1.00,     0.90,
0.50,
  23,   0,  293210., 7599225.,    28.30,     1.30,     1.00,     0.90,
0.50,
  24,   0,  293437., 7599756.,    35.00,     0.40,     1.00,     0.90,
0.50,
  25,   0,  293079., 7599025.,    28.30,     1.30,     1.00,     0.90,
0.50,
  26,   0,  293093., 7599021.,    28.30,     1.30,     1.00,     0.90,
0.50,
  27,   0,  293108., 7599018.,    28.30,     1.30,     1.00,     0.90,
0.50,
  28,   0,  293122., 7599014.,    28.30,     1.30,     1.00,     0.90,
0.50,
  29,   0,  293137., 7599010.,    28.30,     1.30,     1.00,     0.90,
0.50,
  30,   0,  293151., 7599006.,    28.30,     1.30,     1.00,     0.90,
0.50,
  31,   0,  292841., 7598935.,    28.30,     1.30,     1.00,     0.90,
0.50,
  32,   0,  292594., 7599030.,    87.00,     0.80,     1.00,     0.90,
0.50,
  33,   0,  292594., 7599030.,    87.00,     0.80,     1.00,     0.90,
0.50,
  34,   0,  293043., 7599904.,    13.10,     0.00,     1.00,     0.90,
0.50,
  35,   0,  292874., 7599165.,    50.00,     1.30,     1.00,     0.90,
0.50,
  36,   0,  293530., 7599731.,    35.00,     0.40,     1.00,     0.90,
0.50,
  37,   0,  293020., 7598806.,    28.30,     1.30,     1.00,     0.90,
0.50,
  38,   0,  293034., 7598802.,    28.30,     1.30,     1.00,     0.90,
0.50,
  39,   0,  293049., 7598798.,    28.30,     1.30,     1.00,     0.90,
0.50,
  40,   0,  293063., 7598794.,    28.30,     1.30,     1.00,     0.90,
0.50,
  41,   0,  293078., 7598791.,    28.30,     1.30,     1.00,     0.90,
0.50,
  42,   0,  293092., 7598787.,    28.30,     1.30,     1.00,     0.90,
0.50,
  43,   0,  292834., 7598912.,    28.30,     1.30,     1.00,     0.90,
0.50,
  44,   0,  293625., 7599703.,    35.00,     0.40,     1.00,     0.90,
0.50,
  45,   0,  292961., 7598587.,    28.30,     1.30,     1.00,     0.90,
0.50,
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  46,   0,  292976., 7598583.,    28.30,     1.30,     1.00,     0.90,
0.50,
  47,   0,  292990., 7598579.,    28.30,     1.30,     1.00,     0.90,
0.50,
  48,   0,  293005., 7598575.,    28.30,     1.30,     1.00,     0.90,
0.50,
  49,   0,  293019., 7598571.,    28.30,     1.30,     1.00,     0.90,
0.50,
  50,   0,  293034., 7598567.,    28.30,     1.30,     1.00,     0.90,
0.50,
  51,   0,  292828., 7598888.,    28.30,     1.30,     1.00,     0.90,
0.50,
  52,   0,  292822., 7598865.,    28.30,     1.30,     1.00,     0.90,
0.50,
  53,   0,  292511., 7598721.,    87.00,     0.60,     1.00,     0.90,
0.50,
  54,   0,  292511., 7598721.,    87.00,     0.60,     1.00,     0.90,
0.50,
  55,   0,  292747., 7598690.,    50.00,     1.30,     1.00,     0.90,
0.50,
  56,   0,  293719., 7599678.,    35.00,     0.40,     1.00,     0.90,
0.50,
 LAGRANGIAN (LPM) MODE IS OFF FOR THIS GRID 
 IN_pse 
 IN_gse 
 DATE=20061230,HOUR= 1 
 IN_pse 
 REWIND_pse 
 IN_gse 
 REWIND_gse 
 IN_gse 
 IN_SYNOPTIC  
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Appendix D Emission Files 
D.1 Emissions During Normal Operations without Shiploading 

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 

 Train 1 
Compressor LM6000  293197 7599464 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293211 7599461 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293226 7599457 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293240 7599453 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293255 7599449 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293269 7599445 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Power Generator 

LM6000  292972 7599423 36 1.33 802 31.2 0.13 0.00 4.40 0.0000 

Power Generator 

LM6000  292966 7599400 36 1.33 802 31.2 0.13 0.00 4.40 0.0000 

Dry Gas Flare  292678 7599340 125 0.71 1273 20.0 0.50 0.00 0.31 0.0043 

Wet Gas Flare  292678 7599340 125 0.71 1273 20.0 0.50 0.00 0.31 0.0043 

Marine Flare  293070 7600001 25 0.00 0 0.0 0.00 0.00 0.00 0.0000 

Start up Hot Oil Heater  293005 7599653 50 1.25 0 0.0 0.00 0.00 0.00 0.0000 

Domgas Acid Gas 

Incinerator  293343 7599781 35 0.42 624 13.2 0.00 0.00 0.10 0.0031 

Acid Gas Thermal 

Oxidiser  293085 7599581 35 0.42 624 13.2 0.00 0.26 0.05 0.0000 

Train 2 
Compressor LM6000  293137  7599245  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293152  7599241  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Compressor LM6000  293166  7599237  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293181  7599233  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293195  7599229  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293210  7599225  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  293149  7599795  36  1.33  802  31.0  0.13  0.00  4.40  0.0000 

Power Generator 

LM6000  293134  7599769  36  1.33  802  31.0  0.13  0.00  4.40  0.0000 

Domgas Acid Gas 

Incinerator  293437  7599756  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  293026  7599362  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 3 
Compressor LM6000  293079  7599025  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293093  7599021  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293108  7599018  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293122  7599014  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293137  7599010  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293151  7599006  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293166  7599002  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  292841  7598935  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Power Generator 

LM6000  292826  7598909  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Dry Gas Flare  292594  7599030  125  0.80  1273  20.0  0.63  0.00  0.39  0.0054 

Wet Gas Flare  292594  7599030  125  0.80  1273  20.0  0.63  0.00  0.39  0.0054 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

222 | Chevron Australia Pty Ltd

Chevron Australia (Pty) Ltd 
Wheatstone Gas Field Development 
Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

     SINCLAIR KNIGHT MERZ 

PAGE 126 I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Marine Flare  293043  7599904  25  0.00  1273  20.0  0.00  0.00  0.00  0.0000 

Start up Hot Oil Heater  292874  7599165  50  1.25  0  0.0  0.00  0.00  0.00  0.0000 

Domgas Acid Gas 

Incinerator  293530  7599731  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292967  7599142  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 4 
Compressor LM6000  293020  7598806  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293034  7598802  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293049  7598798  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293063  7598794  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293078  7598791  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293092  7598787  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293106  7598783  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  292834  7598912  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Domgas Acid Gas 

Incinerator  293625  7599703  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292967  7599142  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 5 
Compressor LM6000  292961  7598587  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292976  7598583  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292990  7598579  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293005  7598575  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293019  7598571  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 



Wheatstone Project Appendix C1 - Air Quality Impact Assessment

Chevron Australia Pty Ltd | 223

Chevron Australia (Pty) Ltd 
Wheatstone Gas Field Development 

Air Quality Impact Assessment 
Chevron Document No: WS0-0000-HES-RPT-SKM-000-00001-000 Rev 0 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV04400\Deliverables\CTR1\WV04400-FA-RP-0002_0_WheatstoneAQIA.doc PAGE 127 

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Compressor LM6000  293034  7598567  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293048  7598563  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Power Generator 

LM6000  292828  7598888  36  1.33  802  31.0  0.13  0.20  4.40  0.0000 

Power Generator 

LM6000  292822  7598865  36  1.33  802  31.0  0.13  0.20  4.40  0.0000 

Dry Gas Flare  292511  7598721  125  0.56  1273  20.0  0.32  0.00  0.20  0.0027 

Wet Gas Flare  292511  7598721  125  0.56  1273  20.0  0.32  0.00  0.20  0.0027 

Start up Hot Oil Heater  292747  7598690  50  1.25  0  0.0  0.00  0.00  0.00  0.0000 

Domgas Acid Gas 

Incinerator  293719  7599678  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292850  7598704  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Note 1 Coordinates are in UTM zone 50 

D.2 Emissions During Shiploading  

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 

 Train 1 
Compressor LM6000  293197 7599464 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293211 7599461 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293226 7599457 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293240 7599453 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293255 7599449 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Compressor LM6000  293269 7599445 50 1.33 732 31.0 0.23 0.00 5.50 0.0000 

Power Generator 

LM6000  292972 7599423 36 1.33 802 31.2 0.13 0.00 4.40 0.0000 
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Power Generator 

LM6000  292966 7599400 36 1.33 802 31.2 0.13 0.00 4.40 0.0000 

Dry Gas Flare  292678 7599340 125 0.71 1273 20.0 0.50 0.00 0.31 0.0043 

Wet Gas Flare  292678 7599340 125 0.71 1273 20.0 0.50 0.00 0.31 0.0043 

Marine Flare  293070 7600001 25 0.82 1273 20.0 0.66 0.00 0.41 0.0057 

Start up Hot Oil Heater  293005 7599653 50 1.25 0 0.0 0.00 0.00 0.00 0.0000 

Domgas Acid Gas 

Incinerator  293343 7599781 35 0.42 624 13.2 0.00 0.00 0.10 0.0000 

Acid Gas Thermal 

Oxidiser  293085 7599581 35 0.42 624 13.2 0.00 0.26 0.05 0.0000 

Train 2 
Compressor LM6000  293137  7599245  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293152  7599241  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293166  7599237  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293181  7599233  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293195  7599229  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293210  7599225  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  293149  7599795  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Power Generator 

LM6000  293134  7599769  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Domgas Acid Gas 

Incinerator  293437  7599756  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  293026  7599362  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 3 
Compressor LM6000  293079  7599025  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Compressor LM6000  293093  7599021  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293108  7599018  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293122  7599014  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293137  7599010  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293151  7599006  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293166  7599002  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  292841  7598935  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Power Generator 

LM6000  292826  7598909  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Dry Gas Flare  292594  7599030  125  0.80  1273  20.0  0.63  0.00  0.39  0.0054 

Wet Gas Flare  292594  7599030  125  0.80  1273  20.0  0.63  0.00  0.39  0.0054 

Marine Flare  293043  7599904  25  0.92  1273  20.0  0.84  0.00  0.41  0.0072 

Start up Hot Oil Heater  292874  7599165  50  1.25  0  0.0  0.00  0.00  0.00  0.0000 

Domgas Acid Gas 

Incinerator  293530  7599731  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292967  7599142  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 4 
Compressor LM6000  293020  7598806  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293034  7598802  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293049  7598798  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293063  7598794  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293078  7598791  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Compressor LM6000  293092  7598787  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Compressor LM6000  293106  7598783  50  1.33  732  31.0  0.23  0.00  5.50  0.0000 

Power Generator 

LM6000  292834  7598912  36  1.33  802  31.2  0.13  0.00  4.40  0.0000 

Domgas Acid Gas 

Incinerator  293625  7599703  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292967  7599142  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 

Train 5 
Compressor LM6000  292961  7598587  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292976  7598583  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292990  7598579  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293005  7598575  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293019  7598571  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293034  7598567  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293048  7598563  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Power Generator 

LM6000  292828  7598888  36  1.33  802  31.2  0.13  0.20  4.40  0.0000 

Power Generator 

LM6000  292822  7598865  36  1.33  802  31.2  0.13  0.20  4.40  0.0000 

Dry Gas Flare  292511  7598721  125  0.56  1273  20.0  0.32  0.00  0.20  0.0027 

Wet Gas Flare  292511  7598721  125  0.56  1273  20.0  0.32  0.00  0.20  0.0027 

Start up Hot Oil Heater  292747  7598690  50  1.25  0  0.0  0.00  0.00  0.00  0.0000 

Domgas Acid Gas 

Incinerator  293719  7599678  35  0.42  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292850  7598704  35  0.42  624  13.2  0.00  0.26  0.05  0.0000 
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Note 1 Coordinates are in UTM zone 50 

D.3 Emissions of Benzene, Toluene, Xylene 

Pollutant 

AGRU Thermal 
Oxidisers

AGRU Thermal 
Oxidisers

Domgas AGRU 
Thermal Oxidisers 

Domgas AGRU 
Thermal Oxidisers 

Trains 1 & 2 Trains 3-5 Trains 1 & 2 Trains 3-5 

Per train Per train 1 Domgas for T1 & T2 Per train 

(g/s) (g/s) (g/s) (g/s) 
Benzene 0.136 0.165 0.026 0.016 
Toluene 0.499 0.606 0.096 0.058 
p-xylene 0.121 0.146 0.023 0.014 
m-xylene 0.120 0.145 0.023 0.014 
o-xylene 0.058 0.071 0.011 0.007 

D.4 Emissions During Start Up 

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 

 Train 5 
Compressor LM6000  292961  7598587  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292976  7598583  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  292990  7598579  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293005  7598575  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293019  7598571  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293034  7598567  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Compressor LM6000  293048  7598563  50  1.33  732  31.0  0.23  0.30  5.50  0.0000 

Power Generator 
292828  7598888 36 1.33 802 31.0  0.13  0.20 4.40 0.0000
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
LM6000 

Power Generator 

LM6000  292822  7598865  36  1.33  802  31.0  0.13  0.20  4.40  0.0000 

Dry Gas Flare  292511  7598721  125  10.26  1273  20.0  105.07  0.00 

65.3

6  0.9016 

Wet Gas Flare  292511  7598721  125  10.26  1273  20.0  0.00  0.00  0.00  0.0000 

Start up Hot Oil Heater  292747  7598690  50  1.25  570  17.0  0.04  0.00  0.59  0.0000 

Domgas Acid Gas 

Incinerator  293719  7599678  35  35.00  624  13.2  0.00  0.00  0.10  0.0000 

Acid Gas Thermal 

Oxidiser  292850  7598704  35  35.00  624  13.2  0.00  0.26  0.05  0.0000 

Note 1 Coordinates are in UTM zone 50 
 
 
 

D.5 Emissions During Emergency Shut Down  

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 

 Train 5 
Compressor LM6000  292961  7598587  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  292976  7598583  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  292990  7598579  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  293005  7598575  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  293019  7598571  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  293034  7598567  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Compressor LM6000  293048  7598563  50  1.33  732  31.0  0.00  0.00  0.00  0.0000 

Power Generator 

LM6000  292828  7598888  36  1.33  802  31.0  0.00  0.00  0.00  0.0000 
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
Power Generator 

LM6000  292822  7598865  36  1.33  802  31.0  0.00  0.00  0.00  0.0000 

Dry Gas Flare  292511  7598721  125  14.52  1273  20.0  210.15  0.00  130.72  1.8032 

Wet Gas Flare  292511  7598721  125  14.52  1273  20.0  0.00  0.00  0.00  0.0000 

Start up Hot Oil Heater  292747  7598690  50  1.25  0  0.0  0.00  0.00  0.00  0.0000 

Domgas Acid Gas 

Incinerator  293719  7599678  35  0.42  624  13.2  0.00  0.00  0.00  0.0000 

Acid Gas Thermal 

Oxidiser  292850  7598704  35  0.42  624  13.2  0.00  0.00  0.00  0.0000 

Note 1 Coordinates are in UTM zone 50 

D.6 Emissions from Facilities Adjacent to the Wheatstone Project 

Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 

Exxon (6 MTPA) 

Compressor LM6000  292881  7598387  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Compressor LM6000  292896  7598383  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Compressor LM6000  292910  7598379  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Compressor LM6000  292925  7598375  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Compressor LM6000  292939  7598371  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Compressor LM6000  292954  7598367  28  1.3  772  23.1  0.56  0.00  3.49  0.0017 

Power Generator 
292678  7598488 28 1.3 893 31.2  0.56  0.00 2.58 0.0013
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Source 
Location1 Height Radius Temp Exit 

Vel
PM10 SO2 NOx Rsmog 

(east) (north) (m) (m) (K) (m/s) (g/s) (g/s) (g/s) (g/s) 
LM6000 

Power Generator 

LM6000  292672  7598465  28  1.3  893  31.2  0.56  0.00  2.58  0.0013 

Dry Gas Flare  292421  7598471  87  0.6  1273  20.0  0.35  0.00  0.22  0.0027 

Wet Gas Flare  292421  7598471  87  0.6  1273  20.0  0.00  0.00  0.00  0.0000 

Domgas 
Power Generator 1  292528  7598088  13  0.8  23.5  783  0.00  0.00  0.75  0.0000 

Power Generator 2  292522  7598065  13  0.8  23.5  783  0.00  0.00  0.75  0.0000 

Compressor 1  292801  7598187  13  0.8  16  633  0.00  0.00  0.75  0.0000 

Compressor 2  292816  7598183  13  0.8  16  633  0.00  0.00  0.75  0.0000 

Elevated Flare  292331  7598221  48  0.8  20  1273  0.00  0.00  0.77  0.0014 

Ground Flare  292331  7598221  20  0.8  20  1273  0.00  0.00  0.77  0.0014 

Note 1 Coordinates are in UTM zone 50 
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Lighting Emissions 

42907466/WHST-STU-EV-RPT-0002/4 1 

1
Introduction 

1.1 Wheatstone Project  

Chevron Australia Pty Ltd proposes to construct and operate a multi-train Liquefied Natural Gas (LNG) 

and domestic gas (Domgas) plant 12 km south west of Onslow on the Pilbara Coast.  The LNG and 

Domgas plant will initially process gas from fields located approximately 200 km offshore from Onslow 

in the West Carnarvon Basin and other yet-to-be determined gas fields. The project is referred to as 

the Wheatstone Project and "Ashburton North" is the proposed site for the LNG and Domgas plant. 

The Project will require the installation of gas gathering, export and processing facilities in 

Commonwealth and State Waters and on land. The LNG plant will have a maximum capacity of 25 

Million Tonnes Per Annum (MTPA) of LNG.  

The Wheatstone Project has been referred to the State Environmental Protection Authority (EPA) and 

the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA). The 

investigations outlined in this report have been conducted to support the environmental impact 

assessment process. 

1.2 Anticipated Lighting Requirements and Regime  

It is anticipated that production at the Ashburton North Strategic Industrial Area (Ashburton North SIA) 

will operate 24 hours per day. Illumination will be required for processes and safe movement of 

personnel and vehicles. Flares will also contribute to the illumination of the site. 

Offshore illumination will include flares and artificial lighting on wellhead platforms, the central 

processing platform complex, the approach to Materials Offloading Facility (MOF) and Jetty.   

1.3 Objectives of the Light Emissions Study 

This study aims to provide an overview of light emissions for the Wheatstone project, specifically: 

• Light emissions and pollution;  

• Potential impacts of lighting on flora and fauna;  

• Review of literature relating to impact of light; 

• Safety (e.g. requirement for lighting over stairways); 

• Visual impact of the lighting equipment; 

• Effect of light spillage on surrounding properties; 

• Effect of light spillage into the night sky; and 

• Interference with adjacent transport routes. 
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2
Light Emission Overview 

2.1 Light Theory  

Light is part of the electromagnetic spectrum, which is a collection of waves, including visible light, 

microwaves, radio waves (AM, FM, SW), X-Rays, and Gamma Rays (refer Figure 2-1
a
). 

 

Figure 2-1 Wavelength of Electromagnetic Radiation 

 

                                                   
a
 http://eosweb.larc.nasa.gov/EDDOCS/Wavelengths_for_Colors.html  
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Anthropogenic light sources emit in the visible range of the electromagnetic spectrum. Visible light falls 

between short wavelength ultra-violet (<400 nm
b
) and long wavelength infra-red (>700 nm) radiation in 

Table 2-1 below. However, the human eye has different sensitivities to light of different wavelengths 

within the spectrum. 

The amount of photopic light falling on a unit of area over a given distance is termed illuminance and 

is measured in lumens/m
2
 or Lux. Lux is a measure of the power of visible light and depends on the 

sensitivity of the human eye. It is based on the CIE
c
 Luminous Efficacy Curve for photopic (light 

adapted) conditions. The CIE curve has minimal response to light at the ends of the spectrum (400-

500 nm and 625-700 nm) and has a peak response at 555 nm. The quantification of irradiance in Lux 

includes little of the total radiant flux between 400-500 nm and 625-700 nm. 

Table 2-1 Spectral wavelengths of visible light 

<400nm 

 

400-450nm 

 

450-500nm 

 

500-570nm 

 

570-590nm 

 

590-610nm 

 

610-700nm 

 

>700nm 

 

ultraviolet 

 

violet 

 

blue 

 

green 

 

yellow 

 

orange 

 

red 

 

infra-red 

 

Lights are generally described using a spectral power distribution curve. This is a visual profile of the 

colour characteristics of a specific light source. A light source emits different amounts of energy at 

each wavelength across the visual spectrum (380 nm-780 nm).  

The maximum reception of light energy occurs at a wavelength of 555 nm (green light) and decreases 

to a minimum at the two extremes of the visible light spectrum (refer Figure 2-2
d
). 

 

Figure 2-2 Relation between spectral Intensity vs. Wavelength 

 

                                                   
b
 A nanometre (nm) is a unit of length in the metric system, equal to one billionth of a meter (1×10

−9
 m) 

c
 The International Commission on Illumination (usually known as the CIE for its French name Commission internationale de 

l'éclairage), is the international authority on light, illumination, color, and color spaces. 
d
 A Comparison of Light Intensity Measurements of Different Light Sources 
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There are many sources of light. The most common light sources are thermal - a body at a given 

temperature emits a characteristic spectrum of black-body radiation. Examples include sunlight, 

incandescent light bulbs and glowing solid particles in flames
e
. 

2.1.1 Lighting fundamentals 

The four primary properties of light are: 

• Intensity - luminous intensity is a measure of the wavelength-weighted power emitted by a light 

source in a particular direction per unit solid angle, based on the luminosity function, a 

standardized model of the sensitivity of the human eye. The SI unit of luminous intensity is the 

candela (cd); 

• Frequency or wavelength - the wavelength of a sinusoidal wave is the spatial period of the wave 

– the distance over which the wave's shape repeats. Wavelength is inversely proportional to 

frequency, i.e. waves with higher frequencies have shorter wavelengths, and lower frequencies 

have longer wavelengths; 

• Polarisation - polarisation is a property of waves that describes the orientation of their oscillations. 

By convention, the polarization of light is described by specifying the direction of the wave's electric 

field. When light travels in free space, in most cases it propagates as a transverse wave—the 

polarization is perpendicular to the wave's direction of travel.; and 

• Phase - the fraction of a complete cycle corresponding to an offset in the displacement from a 

specified reference point at time t = 0. Phase is a frequency domain or Fourier transform domain 

concept 

Light Output 

The most common measure of light output (or luminous flux) is the lumen. Light sources are labelled 

with an output rating in lumens. Most lamp ratings are based on "initial" lumens (i.e., when the lamp 

has been operated for 100 hours). As lamps and fixtures age, and become dirty, their lumen output 

decreases (lumen depreciation).  

Light Level 

Light intensity measured on a plane at a specific location is called illuminance. Lux is the metric unit 

for illuminance, measured in lumens per square meter 

Quality of Illuminationf 

• Glare - Perhaps the most important factor with respect to lighting quality is glare. Glare is the 

sensation, caused by luminances in the visual field that are too bright. 

• Colour Rendition - The ability to properly see colours is another aspect of lighting quality. Light 

sources vary in their ability to accurately reflect the true colours of people and objects. The colour 

rendering index (CRI) scale is used to compare the effect of a light source on the colour 

appearance of its surroundings. A scale of 0 to 100 defines the CRI. A higher CRI means better 

colour rendering, or less colour shift. CRIs in the range of 75-100 are considered excellent, while 

65-75 are good. The range of 55-65 is fair, and 0-55 is poor. Under higher CRI sources, surface 

                                                   
e
 http://en.wikipedia.org/wiki/Light  

f
 http://www.nesllc.com/acrobat/LightingFund.pdf  
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colours appear brighter, improving the aesthetics of the space. Higher CRI sources sometimes 

create the illusion of higher illuminance levels. 

• Uniformity of Illuminance on Tasks - The uniformity of illuminance is a quality issue that 

addresses how evenly light spreads over a task area. Two factors may compromise uniformity: 

— improper fixture placement based on the luminaire’s spacing criteria (ratio of maximum 

recommended fixture spacing distance to mounting height above task height); and 

— fixtures that are retrofit with reflectors or louvers that narrow the light distribution. 

Efficacy 

The efficacy of a lamp refers to the number of lumens leaving the lamp compared to the number of 

watts required by the lamp (and ballast
g
). It is expressed in lumens per watt. Sources with higher 

efficacy require less electrical energy to light a space. 

Colour Temperature 

Colour temperature, is a measurement of “warmth” or “coolness” provided by the lamp. Colour 

temperature refers to the colour of a blackbody radiator at a given absolute temperature, expressed in 

Kelvin. A “warm” colour light source actually has a lower colour temperature. For example, a cool-

white fluorescent lamp appears bluish in colour with a colour temperature of around 4100 K. A warmer 

fluorescent lamp appears more yellowish with a colour temperature around 3000 K. Figure 2-3
h
 shows 

the colour temperatures of various artificial light sources. 

 

Figure 2-3 Colour temperatures of various light sources 

 

                                                   
g
 A ballast is a control gear, which is intended to limit the amount of current in an electric circuit. 

h
 http://www.nesllc.com/acrobat/LightingFund.pdf 
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The two main sources of light are incandescent and gas discharges. Incandescent sources can be 
anything that produces light when heated to 1000°K or more. Natural incandescent sources are candle 
light and the sun. Man made sources are tungsten filament light bulbs (for example, incandescent 
globes, halogen lamps, etc.).  

Passing an electric charge through a gas can also produce light. The colour of the light is a function of 
the gas used. The intensity of the light is a function of the density of the gas. High pressure light 
sources will produce a more intense light relative to a low pressure sources (i.e. high pressure sodium 
vapour vs. low pressure sodium vapour). Common gas discharge sources are sodium vapour, 
mercury vapour and fluorescent lights. 

Table 2-2i gives the approximate intensities (surface brightness’s) of some natural light sources. 
Terminology is explained below the table. 

 
Table 2-2 Approximate intensities of some natural light sources 

Magnitudes per 

square 

Light Source Luminance (cd/m
2
) 

Arcsec Arcmin 

Clear daytime sky (at horizon) 3x109 -10.7 -19.6 

Full Moon 104 3 -6 

Overcast daytime sky (at horizon) 103 5 -4 

The magnitude scale measures the brightness both of stars and of the sky. The apparent magnitude 
(m) of visible stars ranges approximately from m=0 for the brighter stars to m=6 for the fainter naked 
eye stars.  

• Arcsec - Is 1/3600 of a degree and 1/60 of an arcmin. Jupiter usually attains a diameter of 45 to 50 
arcsec when closest to Earth. 

• Arcmin - This represents 1/60 of a degree. When at its brightest, Jupiter usually displays a 
diameter near 0.8 arcmin. 

2.1.2 Light and distance 

The light intensity from a point light source spreads out uniformly in all directions. It is analogous to the 
surface of an exploding sphere so as you move away from the source, less light reaches you. The 
intensity at a given distance from the light will be equal to the power output of the light source divided 
by the surface area of the sphere through which the light has spread (refer Figure 2-4j). 

                                                   
i Light Pollution: Definition, legislation, measurement, modelling and environmental effects 
j http://www.pasco.com/file_downloads/experiments/pdf-files/glx/physics/34-Inverse-square-SV.pdf  
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Figure 2-4 Light intensity and distance 

 

The amount of illumination received by a sensor (or eye) varies inversely with the square of the 

distance from the point source. So if the distance from a point source is doubled the intensity falls off 

by a factor of four. Tripling the distance decreases the intensity by a factor of nine and so on. As the 

distance from a point source increases, the intensity of the light that can be detected decreases. 

2.1.3 Artificial light sources 

White light, such as that produced by electric light sources, consists of a mixture of the different 

colours of light.  Table 2-3
k
 lists the characteristics of some of the common artificial light sources. 

                                                   
k
 http://www.nesllc.com/acrobat/LightingFund.pdf 
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Figure 2-5 Spectral power distribution histograms 
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Figure 2-5 compares the spectral power distribution histograms of five different types of light source 
with natural daylight. The incandescent, or filament lamp, which includes the tungsten halogen series, 
offers an output which is particularly rich in the red and orange components, compared with natural 
daylight, rendering it very “warm”. The incandescent source is compact and requires no control gear. It 
is available for operation on AC or DC over a wide range of voltages. 

The remaining four histograms relate to the outputs of gas discharge lamps. Having no filament, the 
discharge lamp is more robust than the incandescent source and, for the same reason, has a 
considerably extended life. Tungsten halogen capsules offer between 25 hours and 2,000 hours life, 
depending upon type, compared to between five and 10,000 hours for a discharge lamp. The main 
disadvantage presented by most discharge lamps is the re-start time. 

The output from the low pressure sodium lamp is almost exclusively in the yellow components, 
rendering it unsuitable for most submerged applications. High pressure sodium (HPS) offers a more 
balanced output but is definitely “warm”, being particularly rich in yellow and having a high orange and 
red content in relation to natural daylight. Mercury vapour offers a cool output, which is rich in ultra 
violet radiation.  This source is particularly valuable in specialist applications in which the visible light 
output is absorbed in a filter and the UV is used to cause luminescence in suitable substances. 

For the purposes of modelling the light emissions from the Wheatstone Project, it is assumed that 250 
W and 400 W HPS lamps are used throughout the site. 

2.1.4 High pressure sodium  

The HPS is the most efficient lighting source in widespread application. HPS lamps produce light by 
passing an electrical current through an arc tube filled with vaporized sodium under pressure at high 
temperature. The light has a colour temperature around 2,000 °K and is a golden yellow. Its physical, 
electrical and photometric characteristics are different from other high intensity discharge sources. 

The shape of HPS lamps is significantly different from mercury vapour and metal halide lamps. HPS 
lamps have long narrow tube geometry in order to maximize efficiency. The translucent arc tube is 
made of a ceramic (polycrystalline aluminium oxide) in order to withstand the extremely high 
temperatures (1,300 °C) generated by the sodium arc. 

Advantages of high pressure sodium 

HPS lamps have advantages including: 

• Availability - HPS lamps are manufactured in sizes from 35 to 1,000 watts. In the smaller sizes 
HPS reflector lamps (PAR 38) can be purchased. 

• Compact Size/High Output - As with the other HID sources, HPS lamps are a concentrated light 
source and can be easily controlled. 

• High Efficacy - Of the widely used lighting sources, HPS lamps have the highest efficacy (70 - 140 
lumens/watt). 

• Long Life - Commercially available HPS lamps have a rated life ranging from 10,000 to 24,000 
hours, with the latter being the most prevalent. 

Disadvantages of high pressure sodium 

HPS lamps exhibit some of the same disadvantages of other HID sources, including: 
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• Poor Colour Rendering - While the golden-yellow colour provided by HPS lamps is acceptable for 

many industrial and outdoor applications, it is not suitable for colour-critical tasks. Colour corrected 

HPS lamps are now available in limited sizes. 

• Requires Ballast - Operational characteristics of HPS lamps necessitate special ballasts. 

• Warm-up Period Required. When a HPS lamp is energized it typically takes about 4 to 6 minutes 

for it to achieve full lumen output. As with other HID sources, if a momentary power interruption 

occurs, the lamp must first cool (less than 1 minute) before re-striking. 

Figure 2-6
12

 shows the spectral distribution of the light produced by a HPS lamp. The lamp shown is 

rated for 430 W; the actual spectral distribution may vary depending on the globe wattage and the 

manufacturer. 

 

Figure 2-6 Spectral distribution of high pressure sodium light 

2.2 Light Pollution 

Light pollution, also known as photo-pollution or luminous pollution, encompasses both excessive and 

misdirected artificial outdoor lighting
13

. Whilst the term “light pollution” has been in use for a number of 

years, in most circumstances it has referred to the degradation of human views of the night sky (hiding 

stars). Light pollution is defined as excessive and/or stray artificial light emitted from poorly designed 

and aimed lighting installations for advertising, business, security and street lighting
14

.  

The five components of light pollution are often combined and overlapping: 

• Urban sky glow - the brightening of the night sky over inhabited areas.  

• Light trespass - light falling where it is not intended, wanted or needed. 

• Glare - excessive brightness which causes visual discomfort. High levels of glare can decrease 

visibility. 

                                                   
12

 SON AGRO 430 Watt HPS Lamps 
13

 An Introduction to Light Pollution, Hans Vanderknyff 
14

 Light Pollution: Definition, legislation, measurement, modelling and environmental effects 
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• Clutter - bright, confusing, and excessive groupings of light sources, commonly found in over-lit 

urban areas. The proliferation of clutter contributes to urban sky glow, trespass, and glare. 

• Over-illumination - artificial lighting in excess of what is needed for its intended purpose (e.g. 

safety) is known as over-illumination. 

The four negative factors often found with outdoor lighting are sometimes known as GLUT (GLUT = 
Glare + Light Trespass + Up light + Too Much Light) (refer Figure 2-7

15
) 

 

 

Figure 2-7 Four negative factors found with outdoor lighting 

2.2.1 Ecological light pollution 

Ecological light pollution is described by Longcore and Rich (2004) as artificial light that alters the 

natural patterns of light and dark in ecosystems. It comprises direct glare, chronically increased 

illumination, and unexpected temporary fluctuations in lighting. The sources of ecological light pollution 

are various and found in nearly every ecosystem in the form of ‘sky glow’, illuminated buildings and 

towers, streetlights, fishing vessels, vehicle lights and flares from offshore oil platforms and onshore oil 

production
16

.  

2.3 Standards 

2.3.1 Criteria for people 

The relevant Australian standard for light and spill glare is AS 4282 – 1997 Control of the Obtrusive 

Effects of Outdoor Lighting. This standard provides guidance for development relative to property 

boundaries of existing buildings and locations of buildings within vacant properties. The standard sets 

out criteria related to the human experience of light and provides criteria for both pre-curfew hours and 

post-curfew hours. The criteria for late night (post-curfew which is typically after 2200 or 2300 hours) is 

                                                   
15

 Measurement of light pollution at the Iranian National Observatory 
16

 Light Pollution and the Impacts on Biodiversity, Species and their Habitats 
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considerably more restrictive. The standard nominates the following vertical illuminance criteria for 

pre-curfew hours: 

•  25 lux – at the boundary of commercial and residential areas; 

•  10 lux – in residential areas with light surrounds; and 

•  10 lux – in residential areas with dark surrounds. 

2.3.2 Criteria for Fauna 

The threshold value of light onto a beach, which may interfere with the natural progression of fauna is 

not known. Bright moonlight produces 0.25 lux on the horizontal in the visible spectrum so the 

assumption could be that there should be less light spill than this value. Another criterion with respect 

to the travel of hatchlings towards the sea is believed to be the brightness of light sources, that is, the 

horizon and the moon.  

Lighting 

The characteristics of light source: colour temperature, colour rendering (Ra), capability and lumen 

package (quantity of visible light at 1 m) have implications both to the human visual system and the 

effectiveness of seeing. Colour temperature is the “whiteness” of the light with low colour temperatures 

being very yellow orange and high colour temperature being “bluish white”. The types of light sources 

presented in Table 2-4
17

 may be installed at the LNG facility. 

Table 2-4 Characteristics of light sources 

   

Low pressure sodium Orange 1700 - 

High pressure sodium Yellow 2100 25 

Mercury vapour White 4100 40 

Metal halide White 4200 

5500 

65 

92 

Fluorescent colour 54 White 6200 72 

Fluorescent colour 86 White 6300 77 

Fluorescent colour 33 White 4100 63 

Lighting will be used appropriately around the facility with the top of the floodlights being horizontal 

and the peak intensity being at 60 degrees up from the nadir (downward vertical) minimising 

unnecessary light spill. However, there will be some instances where floodlights will be aimed upwards 

a further 30 degrees, which means the peak intensity is aimed horizontally. 

With many marine fauna being more sensitive to the blue/green section of the spectrum, mercury 

vapour, metal halide and fluorescent lamps present the greatest possibility of being disruptive to 

marine life. Areas such as the beach may be exposed to white light but other areas of the coastline, 

whilst having the strongest spectra in the orange/red part of the spectrum (due to the concentration of 

high pressure sodium light sources), will also be exposed to extra spectra in the blue/green 

wavelength. The relative amounts at any one point vary depending on which light sources are 

screened and which are visible.  

                                                   
17

 Alcan Grove Alumina Refinery Expansion Project, Environmental Impact Statement 
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2.4 Bortle Scale 

The Bortle Dark-Sky Scale (refer Figure 2-8
18

) is a nine-level numeric scale that measures the 

brightness of the night sky and stars (naked-eye and stellar limiting magnitude) of a particular location. 

It quantifies the astronomical observability of celestial objects and the interference caused by light 

pollution and skyglow. 

 

Figure 2-8 Bortle scale 

Determining the existing light pollution from the surrounding communities provides some comparison 

to the expected impact of the LNG facility and gives context to the calculation results presented in 

Section 3. 

2.5 The Transmission of Light through Water 

Figure 2-9 depicts the effect of clear oceanic water on a beam of sunlight. A certain amount of 

incoming light is reflected away when it reaches the ocean surface, depending upon the state of the 

water itself. If it is calm and smooth, less light will be reflected. If it is turbulent, with many waves, more 

light will be reflected. 

Water selectively scatters and absorbs certain wavelengths of visible light. The red component is 

largely absorbed at only 10 metres from the surface, orange is down to 20%, yellow to 35%, green to 

54%, blue to 66% and violet to 59%.  At 20 metres, only the green, blue and violet components are 

present in significant proportions. Blue penetrates the deepest, which is why deep, clear ocean water 

                                                   
18

 http://www.darkskiesawareness.org/nomogram.php 
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and some tropical water appear to be blue most of the time. Moreover, clearer waters have fewer 
particles to affect the transmission of light, and scattering by the water itself controls color. Water in 
shallow coastal areas tends to contain a greater amount of particles that scatter or absorb light 
wavelengths differently. 

 

 
Figure 2-9 Effect of clear oceanic water on a beam of sunlight 
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3
Light Pollution Impact 

3.1 Light Sources 

The list of sources of light emissions from the main processing plant, the MOF facilities and the 

offshore platform includes direct and security lighting in the facility and camp, light from the gas flares 

(wet, marine and dry) and light from vessels. This has the potential to change the coastal environment 

via emitted light spill, direct light, sky glow and glare. Further, environmental conditions such as dust 

and particulate matter, and ambient weather conditions (e.g. cloudy day) can affect the absorption or 

reflection of light, as a result of the changes to the air mass ratio and physiochemical changes to the 

ambient environment.  

Controlled and uncontrolled human presence can also have a bearing on ambient light levels, due to 

the requirement of minimum light levels, as determined by the Australian lighting standard, AS/NZS 

1680.1:2006. Wheatstone Project offshore facilities are not assessed for this study as they are outside 

the zone of impact for the terrestrial environment. 

3.2 Estimation Methodology 

Luminance is the measure of the amount and concentration of light flux leaving a surface. The 

luminance of a surface depends on the direction from which the light strikes the surface, the direction 

from which the surface is viewed and the reflective properties of the surface. The source of radiation is 

not an issue and it is the luminance, the producer of light intensity and reflectivity that controls the 

magnitude of the sensation that is received by the brain. Luminance at a point (refer Figure 2-4) is 

proportional to the horizontal illumination at that point. 

Light levels in compliance with the Australian lighting standard, AS/NZS 1680.1:2006 (refer Table 3-1
s
) 

were assumed to be the minimum requirements for site illumination. Two basic luminaires with 250 W 

and 400 W high-pressure sodium (HPS) were considered as the light sources to estimate intensity 

levels at various locations within the project site for modelling purposes. 

Lighting calculations include the light loss factor (maintenance factor) (LLF) and coefficient of 

utilisation (CU). LLF only considers mounting errors. In reality, there are several factors that affect the 

LLF such as the time of day, ambient temperature, voltage variations, dirt accumulation on the 

luminaire surfaces, lamp filament deterioration, maintenance procedures, equipment and ballast 

variation. Factors beyond the control of the lightning manufactures have not been taken into account 

in this study, such as: voltage regulation; weather; emission control of the atmosphere; topography; 

maintenance; aging lamps; position of lamp reflector and refractor; lamp position; pole installation; 

voltage fluctuation; photodetector response; reliability of illuminaires, etc.. 

 

                                                   
s
 AS/NZS 1680.2.4:1997, Part 2.4 Industrial tasks and processes 
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Estimates of lighting levels in the different areas of the processing plants were determined from the 

illuminance figures by activity type given in AS/NZS 1680.1:2006 (refer Table 3-1). (Note: since the 

facility will have new lights, the intensity levels will be slightly higher than the maintenance illuminance 

levels specified in AS/NZS 1680.1:2006). Estimates for lux levels for different areas are presented in 

Table 3-2. 

For the purposes of the estimation, the following assumptions were made: 

• Lamp posts for perimeter lighting, jetty and roadway was assumed to be 30 m apart; 

• 250 and 400 W HPS globes were assumed to be used throughout the facility;  

• Air mass ratio of 1.0; and  

• Flare temperature to be 1,000 °C. 

Table 3-2 Estimated lux for plant areas 

 

Roadway, Jetty, Pathway, Perimeter Fence 23.47 

Security lighting for Administration Buildings 167.61 

LNG Trains, DOMGAS trains 395.2 

Condensate and other tanks 234.65 

Dry and Wet Flares 1,053 
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3.2.1 Viewshed estimate 

URS estimated the impacts of light pollution at six viewpoints of interest to give a visual representation 

of light emissions from the LNG facility (refer Figure 3-1). This estimate accounts for the heights of 

major infrastructure within the onshore development area (e.g. buildings, tanks, flares, etc.) as well as 

the topography within the catchments of each viewpoint. Allowances were not made for average 

natural vegetation heights in areas of uncleared bushland. 

Figure 3-2 shows the estimated impact of the plant illumination, when viewed from directly above the 

plant. From the literature review conducted, it is known the intensity of light is inversely proportional to 

the square of the distance of the viewing point. The figure shows the intensity of light surrounding the 

different plant areas, with light being the most intense at its source (shown in red) and gradually 

decreasing in intensity, as it travels farther away from the source (shown in blue). 

An air mass ratio of 1.0 is assumed for the purposes of the estimation. In reality, dust and other 

particulate matter may cause localised reflection, which may slightly impact the visual impact of the 

plant lighting. 
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3.2.2 Ratings of visual impacts 

The visual impacts of light dissipate both laterally (over distance) and longitudinally (increasing 

height), depending on the viewing location (refer Figure 3-3). Visual impacts at the various viewpoints 

of interest to the study are reported in Table 3-3. 

Light Spill vs Distance
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Figure 3-3 Light spill vs. distance 

 
Table 3-3 Viewpoints of interest in the visual impact assessment 

 




  Dome @ 38 m Dome @ 40 m Dome @ 77 m Dome @ 102 m 

Offshore 3 4.08E-08 3.88E-08 2.01E-08 1.52E-08 

Old Onslow 
Cemetery 

4 1.70E-08 1.61E-08 8.38E-09 6.32E-09 

4 Mile Creek Beach 4.5 1.18E-08 1.12E-08 5.84E-09 4.41E-09 

Ashburton Island 8 2.01E-09 1.91E-09 9.90E-10 7.47E-10 

Ashburton River 
camping area 

8.5 1.66E-09 1.58E-09 8.20E-10 6.19E-10 

Ten Mile Dams 11.5 6.44E-10 6.12E-10 3.18E-10 2.40E-10 

Simpson Street 12.5 4.95E-10 4.70E-10 2.44E-10 1.84E-10 
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3.3 Spectral Attenuation with Distance from Source 

Figure 3-5 shows the marine flare versus wavelength and Figure 3-6 shows dry and wet flare spectra 
versus wavelength. From the figures, it is evident that the light in the blue end of the spectrum, i.e. 
with a shorter wavelength, dissipates a lot quicker as the distance from the source is increased than 
light at the red end of the spectrum, i.e. longer wavelength.  

Marine Flare Spectra vs Wavelength
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Figure 3-5 Marine flare spectra vs. wavelength 
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Dry and Wet Flare Spectra vs Wavelength
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Figure 3-6 Dry and wet flare spectra vs. wavelength 
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4
Glossary 

 

Term Description 

Candela Unit of luminous intensity, describing the intensity of a light source in a 

specific direction. 

Candlepower A measure of luminous intensity of a light source in a specific direction, 

measured in candelas (see above). 

Colour Rendering Index (CRI) A scale of the effect of a light source on the colour appearance of an object 

compared to its colour appearance under a reference light source. 

Expressed on a scale of 1 to 100, where 100 indicates no colour shift. A low 

CRI rating suggests that the colours of objects will appear unnatural under 

that particular light source. 

Colour Temperature The colour temperature is a specification of the colour appearance of a light 

source, relating the colour to a reference source heated to a particular 

temperature, measured by the thermal unit Kelvin. The measurement can 

also be described as the “warmth” or “coolness” of a light source. Generally, 

sources below 3200K are considered “warm” while those above 4000K are 

considered “cool” sources. 

Contrast The relationship between the luminance of an object and its background. 

Efficacy A metric used to compare light output to energy consumption. Efficacy is 

measured in lumens per watt. Efficacy is similar to efficiency, but is 

expressed in dissimilar units. For example, if a 100-watt source produces 

9000 lumens, then the efficacy is 90 lumens per watt. 

Footcandle (FC) The English unit of measurement of the illuminance (or light level) on a 

surface. One footcandle is equal to one lumen per square foot. 

Glare The effect of brightness or differences in brightness within the visual field 

sufficiently high to cause annoyance, discomfort or loss of visual 

performance. 

High Intensity Discharge (HID) Generic term describing mercury vapour, metal halide, high pressure 

sodium, and (informally) low pressure sodium light sources and luminaires. 

High Pressure Sodium Lamp A high intensity discharge (HID) lamp whose light is produced by radiation 

from sodium vapour (and mercury). 

Illuminance A photometric term that quantifies light incident on a surface or plane. 

Illuminance is commonly called light level. It is expressed as lumens per 

square foot (footcandles), or lumens per square meter (lux). 

Light Emitting Diode (LED) Consumes low wattage and has a rated life of greater than 80 years. 

Light Loss Factor (LLF) Factors that allow for a lighting system’s operation at less than initial 

conditions. These factors are used to calculate maintained light levels. LLFs 

are divided into two categories, recoverable and non-recoverable. Examples 

are lamp lumen depreciation and luminaire surface depreciation. 
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Term Description 

Life-Cycle Cost The total costs associated with purchasing, operating, and maintaining a 

system over the life of that system. 

Low Pressure Sodium A low-pressure discharge lamp in which light is produced by radiation from 

sodium vapour. Considered a monochromatic light source (most colours are 

rendered as gray). 

Lumen A unit of light flow, or luminous flux. The lumen rating of a lamp is a measure 

of the total light output of the lamp. 

Luminaire A complete lighting unit consisting of a lamp or lamps, along with the parts 

designed to distribute the light, hold the lamps, and connect the lamps to a 

power source. Also called a fixture. 

Luminaire Efficiency The ratio of total lumen output of a luminaire and the lumen output of the 

lamps, expressed as a percentage. For example, if two luminaires use the 

same lamps, more light will be emitted from the fixture with the higher 

efficiency. 

Luminance A photometric term that quantifies brightness of a light source or of an 

illuminated surface that reflects light. It is expressed as footlamberts (English 

units) or candelas per square meter (Metric units). 

Lux The metric unit of measure for illuminance of a surface. One lux is equal to 

one lumen per square meter. One lux equals 0.093 footcandles.  

Maintained Luminance Refers to light levels of a space at other than initial or rated conditions. This 

term considers light loss factors such as lamp lumen depreciation, luminaire 

dirt depreciation, and room surface dirt depreciation. 

Mercury Vapour Lamp A type of high intensity discharge (HID) lamp in which most of the light is 

produced by radiation from mercury vapour. Emits a blue-green cast of light. 

Available in clear and phosphor-coated lamps. 

Metal Halide Lamp A type of high intensity discharge (HID) lamp in which most of the light is 

produced by radiation of metal halide and mercury vapours in the arc tube. 

Available in clear and phosphor coated lamps. 

Reflectance The ratio of light reflected from a surface to the light incident on the surface. 

Reflectances are often used for lighting calculations. The reflectance of a 

dark carpet is around 20%, and a clean white wall is roughly 50% to 60%. 
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6
Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and 

thoroughness of the consulting profession for the use of Chevron Australia and only those third parties 

who have been authorised in writing by URS to rely on the report. It is based on generally accepted 

practices and standards at the time it was prepared. No other warranty, expressed or implied, is made 

as to the professional advice included in this report. It is prepared in accordance with the scope of 

work and for the purpose outlined in the Proposal dated 6 May 2009. 

The methodology adopted and sources of information used by URS are outlined in this report. URS 

has made no independent verification of this information beyond the agreed scope of works and URS 

assumes no responsibility for any inaccuracies or omissions. No indications were found during our 

investigations that information contained in this report as provided to URS was false. 

This report was prepared between May and September 2009 and is based on the conditions 

encountered and information reviewed at the time of preparation. URS disclaims responsibility for any 

changes that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 

advice. Legal advice can only be given by qualified legal practitioners. 
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EEXXEECCUUTTIIVVEE SSUUMMMMAARRYY
Introduction 

This study presents an assessment of potential noise impacts from the proposed Chevron 
Wheatstone Liquefied Natural Gas Plant near Onslow in Western Australia on surrounding noise 
sensitive receptors. Noise emissions from normal plant operations, emergency flaring and piling 
during construction have been assessed. The study considers airborne noise impacts in relation to 
humans. Noise impacts on fauna are beyond the scope of this assessment. 

Methodology 

The assessment methodology follows the procedure outlined in Environmental Protection 
Authority’s (EPA) Draft Guidance No. 81 for assessing noise impacts in accordance with the 
Environmental Protection (Noise) Regulations 1997 which operate under the Environmental 
Protection Act 1986.  

A noise model has been developed and used to predict noise levels associated with normal plant 
operations, emergency flaring and construction piling at receptors in the vicinity of the plant. Noise 
contours for the study area have also been prepared. Noise predictions and contours are for worst-
case weather conditions for sound propagation. 

Ambient noise levels at 5 locations in the vicinity of the proposed development site have been 
measured to establish current background noise levels prior to construction. 

Predicted noise levels have been compared with regulatory noise limits and ambient noise levels to 
determine noise impacts. 

Baseline Conditions 

Ambient noise levels have been monitored at five locations in the vicinity of the proposed 
development site: 

• Onslow Town Site (nearest residential area); 

• 4 Mile Creek (public access beach and popular fishing and BBQ area); 

• 5 Mile Pool (camping area); 

• Old Onslow Heritage Site (original site of Onslow); 

• 10 Mile Dam (proposed location of workforce accommodation camp) 

The noise model has been used to predict noise levels at the same locations as well as at the 
boundary of Onslow Salt which is the nearest industrial receptor to the proposed plant. These 
locations are shown in the following figure. 

                                               

1 EPA Draft Guidance No. 8, May 2007 
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Monitoring and Prediction Locations 

A summary of the ambient noise monitoring data is provided below. The data presented is 
representative of the quietest background noise levels. The monitored noise levels are very low, 
particularly at remote inland locations. Monitored levels at coastal locations (Onslow town site and 
4 Mile Creek) are slightly higher due to the influence of ocean noise and human activity. 

Summary of Ambient Noise Levels 

Underlying Background Noise Level LA90 

Day time Evening Night-time 

Onslow Town Site 31 35 28

4 Mile Creek 30 36 32

5 Mile Pool 25 21 <20

Old Onslow (heritage site) 23 22 <20

10 Mile Dam (likely construction camp location) 22 <20 <20

Results 

A summary of predicted noise levels for normal plant operations, emergency flaring and pile driving 
under worst-case sound propagation conditions is presented in the following table and noise 
contours. 
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Predicted Noise Levels for Worst-case Sound Propagation Conditions 

Predicted Noise Level – dB(A) 

Normal Plant 
Operation 

Emergency Flaring Construction Piling 

Onslow Town Site 27 30 31

4 Mile Creek 37 41 48

5 Mile Pool 28 32 26

Old Onslow 36 41 35

10 Mile Dam 24 27 22

Onslow Salt 35 41 41

Noise Contours for Normal Plant Operation 
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Noise Contours for Emergency Flaring 

Noise Contours for Piling During Construction  

Conclusion 

Predicted noise levels for normal plant operation are compliant with the most stringent night-time 
assigned noise levels imposed under the Environmental Protection (Noise) regulations 1997 
assuming that industry standard noise controls are applied to compressor piping and gas turbines.  
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The LNG plant is unlikely to be audible above background noise at Onslow town site even under 
worst-case meteorological conditions for sound propagation. 

The proposed location for the workforce accommodation camp is sufficiently distant from the LNG 
plant site that received noise levels will be significantly below the assigned noise levels. 

Predicted noise levels for normal plant operation at the public access areas (4 Mile Creek, 5 Mile 
Pool and Old Onslow) are higher than underlying background noise. It is possible, therefore, that 
plant noise may be audible at these locations under worst-case meteorological conditions for sound 
propagation. 

Predicted noise levels from emergency flaring comply with the assigned noise levels.  

It is feasible (although unlikely) that noise from piling during construction could exceed assigned 
noise levels at Onslow if the received noise protrudes sufficiently above background levels to 
exhibit impulsive characteristics. It is, therefore, recommended that noise monitoring be 
undertaken during piling so as to determine whether or not noise mitigation measures are 
warranted.
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1. INTRODUCTION 

This report provides an assessment of potential airborne noise impacts from the proposed Chevron 
Wheatstone Liquefied Natural Gas (LNG) plant near Onslow in Western Australia.  

1.1 Description of Proposal 

Chevron proposes to construct and operate a multi train LNG and domestic gas (domgas) plant on 
the Pilbara Coast. Gas, condensate and water will enter the main processing plant where the gas 
and condensate will be processed for export. The key components for processing and export will 
comprise: 

• Separation of gas, liquid and water streams; 

• Pre-treatment of the gas stream to remove acid gases, water and other contaminants; 

• LNG trains to liquefy the gas; 

• LNG storage and loading facilities; 

• Domestic gas (domgas) plant; 

• Water management; 

• Condensate stabilisation and storage; 

• LNG and condensate tanks; 

• Port facilities including jetties and material offloading facilities. 

The current design shows two LNG trains and two domgas plants. (See site layout reproduced in 
Appendix A.) However, space is provided for future LNG trains and domgas plants. This study 
assumes 5 operating LNG trains and associated domgas plants. 

Construction of the facility will require extensive piling operations which are scheduled to occur 24 
hours per day, 7 days per week for approximately 14 months.   

1.2 Receptors

The proposed LNG plant is remote from any noise sensitive premises, with the nearest residential 
area (Onslow Town Site) some 12 km to the north-east of the development site. The nearest 
industrial receptor is Onslow Salt, approximately 4 km to the east. A workforce accommodation 
camp is also proposed at location know as 10 Mile Dam approximately 12 km to the south of the 
development site. The noise model has been used to predict noise levels at these locations. 

In addition, noise predictions have also been undertaken for the following public access areas: 

• 4 Mile Creek. This is a public access beach approximately 4 km to the east of the development 
site which is a popular fishing and BBQ area. 

• 5 Mile Pool. This area is used for camping and is located approximately 10 km to the south of 
the development site. 

• Old Onslow. This heritage listed area is the site of the original town of Onslow and is 
approximately 5 km to the west of the development site. 
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All receptors are shown in the noise contours presented in Appendix B. 

1.3 Scope of Study 

The following list outlines the major activities undertaken during the course of this study: 

• Assessment of existing ambient noise levels in the vicinity of the proposed development; 

• Review of documentation provided by URS including a site layout and preliminary noise 
emission data;  

• Development of an acoustic model to represent normal operating conditions and emergency 
flaring for the LNG plant; 

• Plotting of noise contours around the proposed LNG plant for worst case meteorological 
conditions for sound propagation; 

• Prediction of noise levels at the receptors described above (section 1.2); 

• Assessment of noise emissions from the plant for compliance with noise limits imposed under 
the Environmental Protection (Noise) Regulations 1997 at the nearest noise sensitive and 
industrial receptors;  

• Identification of high noise equipment items which significantly contribute received noise 
levels; and 

• Review of construction noise impacts associated with pile driving operations. 
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2. AMBIENT NOISE ASSESSMENT 

Ambient noise levels were measured for 1 – 2 weeks at the following five locations in the vicinity of 
the proposed Project site: 

• Onslow Town Site; 

• 4 Mile Creek; 

• 5 Mile Pool; 

• Old Onslow (heritage site); 

• 10 Mile Dam (likely construction camp location). 

The noise monitoring equipment was set to continuously record LA 1, LA 10 and LA 90 noise levels at 
15-minute intervals, where: 

• LA 1 is the noise level exceeded for 1% of the time; 

• LA 10 is the noise level exceeded for 10% of the time; 

• LA 90 is the noise level exceeded for 90% of the time. 

The logging was undertaken from 3 to 17 June 2009. 

The following sections provide the results of the ambient noise monitoring recorded at each 
location. Summary tables are provided which include the average LA 10 and LA 90 values collected 
over the monitoring period during daytime hours, evening hours and night-time hours, and for all 
periods combined. The standard deviations in the measurement results are also provided. The data 
have also been analysed to determine the L90 (90th percentile) of the LA 90 noise levels for the 
various time periods. These data provide a good indication of the lowest ambient noise levels. 
Charts showing the monitored noise data are also presented. 

2.1 Onslow Town Site 

Table 2-1: Summary of noise logging results for Onslow Town Site 

Period 
Average LA 10

(dB(A)) 

Standard 
deviation in LA 10

(dB) 

Average LA 90

(dB(A)) 

Standard 
deviation in LA 90

(dB) 

L90 of LA 90

(dB(A)) 

Day (0700 to 
1900)

44.7 4.7 37.5 5.4 31.0

Evening (1900 to 
2200)

44.9 4.9 41.1 5.6 34.5

Night (2200 to 
0700)

39.3 5.7 33.7 5.6 28.0

All data 42.6 6.1 36.6 6.1 29.0
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Note that no data was recorded on several occasions during the monitoring period due to low 
voltages from the solar power supply to the noise monitor. 
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2.2 4 Mile Creek 

Table 2-2: Summary of noise logging results for 4 Mile Creek 

Period 
Average LA 10

(dB(A)) 

Standard 
deviation in LA 10

(dB) 

Average LA 90

(dB(A)) 

Standard 
deviation in LA 90

(dB) 

L90 of LA 90

(dB(A)) 

Day (0700 to 
1900)

45.7 6.0 37.6 5.9 29.5

Evening (1900 to 
2200)

44.8 4.0 39.9 3.8 36.3

Night (2200 to 
0700)

41.3 3.7 36.0 3.3 31.8

All data 43.7 5.2 37.4 4.8 31.0

Note that no data was recorded during the second week of the monitoring period due to low 
voltages from the solar power supply to the noise monitor. 
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2.3 5 Mile Pool 

Table 2-3: Summary of noise logging results for 5 Mile Pool 

Period 
Average LA 10

(dB(A)) 

Standard 
deviation in LA 10

(dB) 

Average LA 90

(dB(A)) 

Standard 
deviation in LA 90

(dB) 

L90 of LA 90

(dB(A)) 

Day (0700 to 
1900)

44.3 5.8 34.1 6.6 25.0

Evening (1900 to 
2200)

34.5 8.8 28.1 6.1 21.0

Night (2200 to 
0700)

30.2 7.3 24.5 7.8 <20

All data 36.9 9.5 29.2 8.2 21.0
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2.4 Old Onslow (Heritage Site) 

Table 2-4: Summary of noise logging results for Old Onslow 

Period 
Average LA 10

(dB(A)) 

Standard 
deviation in LA 10

(dB) 

Average LA 90

(dB(A)) 

Standard 
deviation in LA 90

(dB) 

L90 of LA 90

(dB(A)) 

Day (0700 to 
1900)

44.6 9.1 36.4 10.5 23.0

Evening (1900 to 
2200)

38.7 10.6 34.0 9.6 21.9

Night (2200 to 
0700)

28.2 9.7 24.6 7.8 <20

All data 37.2 12.2 31.4 10.8 <20
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Note that no data was recorded during the second half of the second week of the monitoring 
period due to low voltages from the solar power supply to the noise monitor. 
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2.5 10 Mile Dam (Likely Construction Camp Location) 

Table 2-5: Summary of noise logging results for 10 Mile Dam 

Period 
Average LA 10

(dB(A)) 

Standard 
deviation in LA 10

(dB) 

Average LA 90

(dB(A)) 

Standard 
deviation in LA 90

(dB) 

L90 of LA 90

(dB(A)) 

Day (0700 to 
1900)

51.7 12.2 37.5 10.2 22.0

Evening (1900 to 
2200)

38.8 14.0 30.3 9.1 <20

Night (2200 to 
0700)

32.4 13.1 23.6 6.4 <20

All data 41.8 15.6 30.7 10.7 <20

20

30

40

50

60

70

80

03/06/2009 00:00 04/06/2009 00:00 05/06/2009 00:00 06/06/2009 00:00 07/06/2009 00:00 08/06/2009 00:00 09/06/2009 00:00 10/06/2009 00:00

dB
(A
)

Date / Time

Continuous Noise Monitoring ‐ 10 Mile Dam
WEEK 1

L1 L10 L90



Wheatstone Project Appendix E1 - Environmental Noise Impact Assessment

298 | Chevron Australia Pty Ltd

Client: URS Australia Pty Ltd 
Subject: Environmental Noise Impact Assessment - Chevron Wheatstone LNG Plant 

Page 10 Doc: Rpt01-085163-Rev0-9 Sep 09 

2.6 Summary 

The noise logging data at all locations showed very low underlying background noise levels2 as 
would be expected for such a remote area. Background noise levels for inland locations (10 Mile 
Dam, 5 Mile Pool and Old Onslow) were particularly low. For coastal locations (Onslow town site 
and 4 Mile Creek), monitored noise levels were higher and are likely to be influenced by ocean 
noise. Noise levels at Onslow town site are also likely to be significantly influenced by human 
activity during day-time hours. 

                                               

2 Although there were some drop outs in the noise data presented, ample data was collected at each location to reliably 
assess background noise. 

20

30

40

50

60

70

80

10/06/2009 00:00 11/06/2009 00:00 12/06/2009 00:00 13/06/2009 00:00 14/06/2009 00:00 15/06/2009 00:00 16/06/2009 00:00 17/06/2009 00:00

dB
(A
)

Date / Time

Continuous Noise Monitoring ‐ 10 Mile Dam
WEEK 2

L1 L10 L90



Wheatstone Project Appendix E1 - Environmental Noise Impact Assessment

Chevron Australia Pty Ltd | 299

Client: URS Australia Pty Ltd 
Subject: Environmental Noise Impact Assessment - Chevron Wheatstone LNG Plant 

Doc: Rpt01-085163-Rev0-9 Sep 09   Page 11 

3. NOISE MODELLING 

3.1 Methodology 

An acoustic model has been produced using the SoundPlan noise modelling program developed by 
Braunstein & Berndt GmbH. The SoundPlan program calculates sound pressure levels at nominated 
receiver locations or produces noise contours over a defined area of interest around the noise 
sources. SoundPlan is a program which has a worldwide clientele including acoustic consultancies, 
government agencies, industry, and academic institutions. SoundPlan provides a range of 
prediction algorithms that can be selected by the user. The CONCAWE3,4 prediction algorithms have 
been selected for this study. The inputs required are noise source data, ground topographical data, 
meteorological data and receiver locations.  The model produces noise contours or noise levels at 
specified receiving locations for specific meteorological conditions. 

3.2 Input Data and Assumptions 

3.2.1 Modelling Scenarios 

Noise modelling has been undertaken for the following operating scenarios: 

• Normal plant operation assuming 5 LNG trains and associated domgas trains; 

• Emergency flaring. 

Noise emissions from construction piling have also been considered (see section 6). 

3.2.2 Noise Sources and Sound Power Levels 

Noise sources associated with the LNG plant have been identified from the following documents 
which were provided by URS for the study: 

• Wheatstone Development Downstream Project overall site layout, drawing no: WS1-0000-PIP-
PLT-BEC-000-00001-00 Rev 0 (Reproduced in Appendix A); 

• Wheatstone Development Downstream Project LNG Plant – Emissions, Discharges, and 
Disposal Plan, document no: WS1-0000-HES-PHL-BEC-000-00003-00 Rev A;  

• EIS/ERMP Section 8.0 Noise5; and 

• Email correspondence with URS. 

Equipment sound power levels have been developed based on preliminary data provided in the 
EIS/ERMP Section 8 Noise document (overall levels only) and SVT’s in-house data base for similar 
equipment (spectral composition). 

                                               

3 CONCAWE (Conservation of Clean Air and Water in Europe) was established in 1963 by a group of oil companies to carry 
out research on environmental issues relevant to the oil industry. 

4 The propagation of noise from petroleum and petrochemical complexes to neighbouring communities, CONCAWE Report 
4/81, 1981 

5 Extract from document provided by Bechtel and supplied to SVT in hard copy on 11 August 2009 
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Table 3-1 provides equipment sound power levels for the equipment included in the noise model. 
The cumulative total sound power level for all equipment in the normal operating scenario is 
137 dB(A). 

Table 3-1 : Equipment Sound Power Levels 

Equipment 

Octave band & overall sound power levels – dB(A) 
Comment 

63 125 250 500 1000 2000 4000 8000 A-wt 

LNG Train Sources (5 operating trains) 

Air fin coolers 108 115 117 116 117 117 112 101 124 
Assuming individual fan sound 

power level of  99 dB(A) 

Methane compressor 75 82 91 100 106 105 96 101 110 
2 compressors per train, each 

comprising LP, MP & HP stages 

Ethylene compressor 93 94 97 100 105 108 106 100 113 
2 compressors per train, each 
comprising LP & HP stages 

Propane compressor 90 91 94 97 102 105 103 97 109 
2 compressors per train, each 
comprising LP & HP stages 

Compressor turbines 80 91 95 102 103 107 106 104 112 
6 turbines per train (3 x 2 

compressors) 

Compressor piping 49 60 99 108 116 113 110 107 119 
Distributed as line sources over 

length of compressor area 

Regeneration gas 
compressor 

72 83 93 99 103 102 102 94 108 1 per train 

Fuel gas compressor 87 91 96 103 107 106 106 98 112 1 per train 

Lean solvent charge 
pump 

80 100 98 103 103 103 100 89 109 1 per train 

Lean solvent booster 
pump 

74 94 92 97 97 97 94 83 103 2 per train 

LNG transfer pump 80 100 98 103 103 103 100 89 109 1 per train 

Feed gas expander 87 91 96 103 107 106 106 98 112 1 per train 

Hot oil circulation pump 80 100 98 103 103 103 100 89 109 1 per train 

Thermal combustion unit 81 84 92 98 100 98 96 87 105 1 per train 

Other Sources 

Gas turbine generator 91 94 98 101 104 108 106 102 112 11 generators operating 

Coolers at Domas plant 97 104 105 104 104 104 99 98 112 
Assuming individual fan sound 

power level of  99 dB(A) 

Export compressor at 
Domgas plant 

87 91 96 103 107 106 106 98 112 1 per plant 

Boil off gas compressor 87 91 92 97 100 108 109 99 112 2 compressors operating 

Instrument air 
compressor 

68 78 84 93 99 100 98 93 105 1 compressor operating 

Water pumps 71 90 96 99 100 99 95 91 106 
Cumulative total for demineralised, 
service and potable water pumps 

Inlet feed gas air coolers 90 97 99 97 97 97 92 82 105 
Assuming individual fan sound 

power level of  99 dB(A) 
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Equipment 

Octave band & overall sound power levels – dB(A) 
Comment 

63 125 250 500 1000 2000 4000 8000 A-wt 

Stabiliser overhead 
compressor 

87 91 96 103 107 106 106 98 112 Inlet feed gas area 

Elevated flare 111 117 120 124 131 135 133 121 138 
3 flares operating at 85 m height 

(flaring scenario only) 

Marine flare 84 90 93 97 104 108 106 94 111 
2 flare operating at 13 m height 

(flaring scenario only) 

Pile driver 90 109 117 119 121 117 109 98 125 
12 units operating at plant site and 

2 at end of jetty (construction 
scenario only) 

3.2.3 Topography, Ground Type and Barriers 

Topographical data for the models was provided by URS as ground contours in electronic format. 
The contours were modified to account for the construction of the materials offloading facility / tug 
jetty, and the ground height at the LNG plant site was raised to an elevation of 7 m. The modified 
topography was imported directly into the noise model.  

A partially absorptive ground type (ground factor of 0.7) has been used in the model for sound 
propagation over land. For propagation over water a fully reflective (hard) ground type (ground 
factor of 0) has been used. Hard ground has also been assumed for the LNG plant site and the 
evaporation ponds at Onslow Salt. 

The noise model does not include noise barriers or buildings6.

3.2.4 Meteorology 

Certain meteorological conditions can increase noise levels at a receiving location by a process 
known as refraction. When refraction occurs, sound waves that would normally propagate directly 
outwards from a source can be bent downwards causing an increase in noise levels. Such 
refraction occurs during temperature inversions and where there is a wind gradient.  

The SoundPlan noise model calculates noise levels for user defined meteorological conditions. In 
particular, temperature, relative humidity, wind speed and direction data, and atmospheric stability 
are required as input to the models.  

The noise model has been used to predict noise levels and prepare noise contours for 3 m/s winds 
combined with a thermal inversion. These conditions are consistent with the default worst-case 
conditions for night-time sound propagation specified in Environmental Protection Authority’s (EPA) 
Draft Guidance No. 87 for assessing noise impacts. The noise contours for worst-case weather 
conditions represent the worst-case noise propagation envelopes, i.e., worst-case propagation in 
all directions simultaneously. 

                                               

6 The large storage tanks at the site will provide shielding for some noise sources. However, due to the preliminary stage of 
the plant design the barrier effects of the tanks have been excluded from the model. The attenuation achieved by the tanks 
will strongly depend on the source / barrier / receptor geometry and this is likely to change as the design develops. Hence 
the model represents a worst-case.  

7 EPA Draft Guidance No. 8, May 2007 
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3.3 Noise Modelling Results 

3.3.1 Normal Plant Operation 

Predicted noise levels are presented in Table 3-2 below for normal plant operation and include 
calm and worst-case weather conditions for sound propagation. Noise contours are presented in 
Figure 1 in Appendix B for worst-case weather conditions. 

Table 3-2 : Predicted Noise Levels – Normal Operations 

Receiving Location 

Predicted Noise Level  
dB(A) 

Calm Conditions 
Worst-case 
Conditions 

Onslow Town Site 23 27

4 Mile Creek 32 37

5 Mile Pool 24 28

Old Onslow (Heritage Site) 32 36

10 Mile Dam (Likely Construction Camp Location) 21 24

Onslow Salt 31 35

Air fin coolers are the most significant contributor to received noise levels at all locations. 

3.3.2 Emergency Flaring 

Predicted noise levels are presented in Table 3-3 below for emergency flaring and include calm and 
worst-case weather conditions for sound propagation. Noise contours are presented in Figure 2 in 
Appendix B for worst-case weather conditions. 

Table 3-3 : Predicted Noise Levels – Emergency Flaring 

Receiving Location 

Predicted Noise Level  
dB(A) 

Calm Conditions 
Worst-case 
Conditions 

Onslow Town Site 26 30

4 Mile Creek 37 41

5 Mile Pool 28 32

Old Onslow (Heritage Site) 38 41

10 Mile Dam (Likely Construction Camp Location) 24 27

Onslow Salt 37 41
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4. NOISE LIMIT CRITERIA 

4.1 Summary of Legislation 

Noise management in Western Australia is implemented through the Environmental Protection 
(Noise) Regulations 1997 (noise regulations) which operate under the Environmental Protection 
Act. The Regulations specify maximum noise levels (assigned levels) which are the highest noise 
levels that can be received at noise-sensitive premises, commercial and industrial premises. 

Assigned noise levels have been set differently for noise sensitive premises, commercial premises, 
and industrial premises. For noise sensitive premises, eg residences, an “influencing factor” is 
incorporated into the assigned noise levels. The influencing factor depends on land use zonings 
within circles of 100m and 450m radius from the noise receiver, including: 

• the proportion of industrial land use zonings; 

• the proportion of commercial zonings; and 

• the presence of major roads. 

For noise sensitive residences, the time of day also affects the assigned levels. 

The regulations define three types of assigned noise level: 

• LA max assigned noise level means a noise level which is not to be exceeded at any time; 

• LA 1 assigned noise level which is not to be exceeded for more than 1% of the time; and 

• LA 10 assigned noise level which is not to be exceeded for more than 10% of the time. 

The LA10 noise limit is the most significant for this study since this is representative of continuous 
noise emissions from the LNG plant. 

4.2 Noise Limits 

4.2.1 Onslow Town Site  

The assigned noise levels at residential premises in Onslow will vary depending on the proximity of 
particular premises to industrial or commercial areas and also the time of day. The most stringent 
night-time LA10 assigned noise level at residential premises in Onslow is 35 dB(A) for those 
residences that are greater than 450m from land zoned for industrial or commercial use. This limit 
has been used for the purposes of this assessment. 

4.2.2 Proposed Accommodation Camp at 10 Mile Dam 

The EPA’s policy on accommodation camps (as defined in EPA draft guidance no 88) is that they 
should be located and designed so as to achieve compliance with the assigned levels and 
acceptable standards. Since the proposed camp site is remote from any industrial or commercial 

                                               

8 EPA draft guidance no 8, May 2007 



Wheatstone Project Appendix E1 - Environmental Noise Impact Assessment

304 | Chevron Australia Pty Ltd

Client: URS Australia Pty Ltd 
Subject: Environmental Noise Impact Assessment - Chevron Wheatstone LNG Plant 

Page 16 Doc: Rpt01-085163-Rev0-9 Sep 09 

activity, the most stringent night-time LA10 assigned noise level of 35 dB(A) is deemed to apply and 
has been used for the purposes of this assessment. 

4.2.3 Onslow Salt 

Onslow Salt is an industrial site and consequently the LA10 assigned noise level is 65 dB(A) at all 
times of the day and night. 

4.2.4 Public Access Areas 

Old Onslow, 4 Mile Creek, and 5 Mile Pool are public access areas, but are not considered as 
premises. Since the noise regulations apply only to noise received at premises, the assigned noise 
levels do not apply and noise limit criteria are not defined for these locations. The potential for 
noise impacts at these locations is determined by comparing predicted noise levels with measured 
background noise levels. 

4.3 Intrusive or Dominant Noise Characteristics 

Noise levels at receiving premises are subject to penalty corrections if the noise exhibits intrusive 
or dominant characteristics, i.e. if the noise is impulsive, tonal, or modulated. That is, the 
measured or predicted noise levels are adjusted and the adjusted noise levels must comply with 
the assigned noise levels. Regulation 9 sets out objective tests to assess whether the noise is taken 
to be free of these characteristics. 

Based on the large source-receiver distance between the proposed development site and 
surrounding receptors, and considering the large number of noise emission sources, it is not 
anticipated that noise from the LNG plant will exhibit impulsive, tonal or modulating characteristics 
when assessed at the receivers. 

Noise emissions from piling during construction may, however, exhibit impulsive characteristics 
(refer section 6.2). 
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5. COMPLIANCE ASSESSMENT 

5.1 Normal Plant Operation 

Table 5-1 presents a comparison of predicted noise levels under worst-case meteorological 
conditions with applicable noise limits for normal plant operating conditions. It can be seen that 
compliance is achieved at all locations. 

Table 5-1 : Compliance Assessment – Normal Plant Operation 

Receiving Location 
Noise Limit 

Criterion 

Predicted Noise 
Level
dB(A) 

Onslow Town Site 35 27

4 Mile Creek n/a 37

5 Mile Pool n/a 28

Old Onslow (Heritage Site) n/a 36

10 Mile Dam (Likely Construction Camp Location) 35 24

Onslow Salt 65 35

5.2 Emergency Flaring 

Table 5-2 presents a comparison of predicted noise levels under worst-case meteorological 
conditions with applicable noise limits for emergency flaring conditions. It can be seen that 
compliance is achieved at all locations. 

Table 5-2 : Compliance Assessment – Emergency Flaring 

Receiving Location 
Noise Limit 

Criterion 

Predicted Noise 
Level
dB(A) 

Onslow Town Site 35 30

4 Mile Creek n/a 41

5 Mile Pool n/a 32

Old Onslow (Heritage Site) n/a 41

10 Mile Dam (Likely Construction Camp Location) 35 27

Onslow Salt 65 41
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5.3 Cumulative Noise Impacts 

SVT have been advised (by URS) that there will be two gas plants located immediately to the south 
and adjacent to the proposed facility. These are: 

1) A single train LNG plant; 

2) A Domgas plant. 

These plants are much smaller than the proposed Chevron facility (which has been assessed 
assuming 5 operating LNG trains and 5 Domgas units) and thus noise emissions are likely to be 
significantly lower. 

Since the adjacent gas plants are very close to proposed Chevron facility, any increase in noise 
levels is only likely to affect localised areas in the immediate vicinity of the gas plants. Further 
afield, noise from the larger Chevron facility will dominate over noise from the adjacent gas plants. 
Therefore, any increase in noise received at Onslow and 10 Mile Dam will be marginal and will not 
result in cumulative impacts which exceed the assigned noise levels.  
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6. CONSTRUCION NOISE 

With the exception of pile driving, noise from construction activities is expected to be significantly 
below noise associated with normal plant operations. 

Extensive piling is anticipated during construction using a total of up to 12 impact pile drivers at 
the plant site and 2 at the jetty. Piling operations are planned to run for 14 months, 24 hours per 
day, 7 days per week. Noise modelling has been undertaken for a worst-case pile driving scenario 
assuming 2 pile drivers are operating simultaneously at the end of the jetty (i.e. the worst-case 
location for sound propagation over water towards Onslow town site) and 12 pile drivers are 
operating simultaneously at the location of the storage tanks at the plant site. 

This is a very conservative approach since it is highly unlikely that all pile drivers will operate 
simultaneously and that the noise received from each pile driver will arrive at precisely the same 
time at noise sensitive receiving locations.  

6.1 Noise Modelling Results 

Predicted noise levels are presented in Table 6-1 below for pile driving and include calm and worst-
case weather conditions for sound propagation. Noise contours are presented in Figure 3 in 
Appendix B for worst-case weather conditions. 

Table 6-1 : Predicted Noise Levels – Pile Driving 

Receiving Location 

Predicted Noise Level  
dB(A) 

Calm Conditions 
Worst-case 
Conditions 

Onslow Town Site 27 31

4 Mile Creek 42 48

5 Mile Pool 22 26

Old Onslow (Heritage Site) 30 35

10 Mile Dam (Likely Construction Camp Location) 18 22

Onslow Salt 35 41

6.2 Construction Noise Impact Assessment 

The noise regulations require an adjustment of 10 dB to be added to predicted noise levels for 
noise emissions that exhibit impulsive characteristics. Impulsiveness is assessed at the receiving 
premises and must, therefore, protrude above background noise. If impulsiveness were evident 
then the adjusted worst-case noise levels for Onslow town site and 10 Mile Dam are as shown in 
Table 6-2. 
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Table 6-2 : Predicted Noise Levels for Pile Driving Including Penalty for Impulsiveness  

Predicted Level 
dB(A) 

Penalty for 
Impulsive

Characteristic 
dB(A) 

Adjusted Level 
Including Penalty 
for Impulsiveness 

dB(A) 

Onslow Town Site 31 + 10 41

10 Mile Dam (Likely Construction Camp Location) 22 + 10 32

For 10 Mile Dam, the adjusted noise levels are below the assigned noise levels for day, evening 
and night-time periods. However, for Onslow town site, the adjusted noise levels exceed the 
evening and night-time assigned noise levels and, therefore, a noise management plan may be 
required. (Refer section 6.3.2 below). 

It is noted, however, that the predicted noise levels (before applying penalties for impulsiveness) 
are only marginally above the lowest background noise levels recorded at both Onslow and 10 Mile 
Dam. (Refer sections 2.1 and 2.5.). Therefore, the risk of exceeding the assigned noise levels is 
very low since this would require: 

• All pile drivers to be operating; 

• Noise from all pile drivers to arrive simultaneously at the noise sensitive premises; 

• Worst-case meteorological conditions for sound propagation; and 

• Very low background noise (i.e. no extraneous noise) at the receiving premises. 

Because of the conservative nature of the assessment undertaken, it is suggested that predicted 
noise levels are verified during construction and that noise impacts are re-assessed based on the 
measured levels. In the event that noise emissions exceed the assigned levels then the following 
noise reduction options may be considered to minimise noise impacts: 

• Limit the number of pile drivers operating simultaneously; 

• Restrict piling operations during night time hours; 

• Restrict night time piling operations under wind conditions which favour sound propagation 
towards Onslow town site. 

Because of the very large distances between the piling operations and receiving locations 
considered in this assessment, ground borne vibration will be attenuated to such a degree during 
propagation that there will be no vibration impacts.  

6.3 Construction Noise Management Criteria 

6.3.1 Daytime Construction Activities 

The Environmental Protection Noise Regulations 1997 state that for construction work carried out 
between 7am and 7pm on any day, which is not a Sunday or public holiday the assigned noise 
levels do not apply provided that: 
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• The construction work is carried out in accordance with control of noise practices set out in 
Section 6 of Australian Standard 2436-1981 “Guide to Noise Control on Construction, 
Maintenance and Demolition Sites”; and 

• The equipment used for the construction is the quietest reasonably available. 

The Chief Executive Officer9 (CEO) may request that a noise management plan be submitted for 
the construction work at any time. 

6.3.2 Night-time Construction Activities 

For construction work done outside daytime hours: 

• The construction work must be carried out in accordance with control of noise practices set 
out in Section 6 of Australian Standard 2436-1981 “Guide to Noise Control on Construction, 
Maintenance and Demolition Sites”; and 

• The equipment used for the construction must be the quietest reasonably available. 

Furthermore, if noise emissions are likely to exceed the assigned noise levels then:  

• The contractor must advise all nearby occupants or other sensitive receptors who are likely to 
receive noise levels which fail to comply with the standard under Regulation 7, of the work to 
be done at least 24 hours before it commences;  

• The contractor must show that it was reasonably necessary for the work to be done out of 
hours; and 

• The contractor must submit to the CEO a Noise Management Plan at least seven days before 
the work starts, and the plan must be approved by the CEO.  The plan must include details of: 

o Need for the work to be done out of hours; 

o Types of activities which could be noisy; 

o Predictions of the noise levels; 

o Control measures for noise and vibration; 

o Procedures to be adopted for monitoring noise emissions; and 

o Complaint response procedures to be adopted. 

                                               

9 The power of the CEO of the Department of Environment and Conservation is delegated under the noise regulations to the 
CEOs of all local governments in the State of Western Australia. 
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7. DISCUSSION & CONCLUSIONS 

Predicted noise levels for normal plant operation have been shown to be in compliance with the 
most stringent night-time noise limits imposed under the noise regulations.  

Onslow town site is the nearest residential area to the proposed development site. A comparison of 
predicted noise levels at Onslow with ambient noise levels demonstrates that the LNG plant is 
unlikely to be audible above background noise even under worst-case meteorological conditions for 
sound propagation. 

The proposed location for the workforce accommodation camp is sufficiently distant from the LNG 
plant site that received noise levels will be significantly below the assigned noise levels. 

Although there are no regulatory criteria for noise received at the public access areas (4 Mile 
Creek, 5 Mile Pool and Old Onslow), predicted noise levels for normal plant operation are higher at 
these locations than underlying background noise. It is possible, therefore, that plant noise may be 
audible at these locations under worst-case meteorological conditions for sound propagation.  

Predicted noise levels from emergency flaring have also been shown to comply with the assigned 
noise levels.  

Noise from piling may potentially impact the town of Onslow. The modelling undertaken 
demonstrates that under extreme circumstances it is feasible that noise emissions could exceed 
assigned levels when accounting for impulsiveness. However, it is SVT’s opinion that the conditions 
required to cause an exceedance of the assigned levels would be considered as a very remote 
possibility. It is, therefore, suggested that noise monitoring be undertaken during piling so as to 
determine whether or not noise mitigation measures are warranted. Potential noise mitigation 
options include: 

• Limiting the number of pile drivers operating simultaneously; 

• Restricting piling operations during night time hours; 

• Restricting night time piling operations under wind conditions which favour sound propagation 
towards Onslow town site.   

Measure background noise levels have been shown to be very low, particularly for inland locations.   
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APPENDIX A : SITE LAYOUT 
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APPENDIX B : NOISE CONTOURS 
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Executive Summary 

Chevron Australia Pty Ltd proposes to construct and operate a multi-train Liquefied Natural Gas (LNG) 
plant and domestic gas (Domgas) plant (Wheatstone Project) at Ashburton North, 12 km southwest of 
Onslow on the Pilbara Coast. The proposed construction periods for the Wheatstone Project are from 
2011 to 2015 and the project has an expected minimum operational life of thirty years. 

Due to the potential of flooding and tidal surges, the plant will be located on a constructed pad with an 
approximate finished elevation of 7.5 m AHD. Construction of the pad would be engineered using 
borrow material. Within the pad, there may be a dredge material placement area.  

This report describes the hydrogeology of the Project area. The baseline characteristics of the 
groundwater flow environments at Ashburton North have been determined by interpreting data from 
site investigations during 2009, which comprised drilling, testing and sampling 69 groundwater 
monitoring bores and 28 drive point piezometers.  Based on the findings of the site investigations it is 
interpreted that Ashburton North is underlain by a shallow water table, predominantly saline to 
hypersaline groundwater and is predominantly a groundwater discharge zone associated with regional 
Carnarvon Basin successions. Local exceptions occur seasonally, when the dunal terrain intercepts 
and transmits rainfall recharge. All shallow groundwater intercepted by the site investigations appears 
to be accumulating salt, thus indicating low rates of net recharge and the predominant occurrence of 
hypersaline groundwater discharge into the water table zone from deeper regional aquifers. 

The interpreted hydrostratigraphy and associated hydraulic parameters are based on the local 
geological profiles intersected during the site investigations, which comprise: 

 Dune Sands (typical thickness 3 m; transmissivity 10 to 30 m2/day).
 Ashburton River Delta alluvium (typical thickness 20 m: transmissivity about 10 m2/day).
 Ashburton River Delta Clay and Unconformity (typical thickness 5 m; transmissivity 2 m2/day).
 Trealla Limestone (typical thickness 10 m; transmissivity 50 m2/day). 

Local groundwater flow is influenced by topography and also density effects that characterise the flow 
dynamics of saline and hypersaline groundwater. Groundwater flows in dune sands; Ashburton River 
Delta alluvium and Trealla Limestone are strongly influenced by vertical upward hydraulic gradients. 
Environmental groundwater heads indicate water table mounding beneath the dunes and discharge 
towards lowlands formed by the supratidal, samphire and tidal flats of the Southwest, Hooley Creek 
and Ashburton River Mouth Catchments. The vertically upward environmental heads and constructed 
flow nets indicate groundwater discharge from the underlying regional Carnarvon Basin succession 
into the water table zone.  

Chemical analyses indicate that the local groundwater is brackish to hypersaline, near neutral to 
slightly alkaline and a sodium-chloride type. The distribution of TDS in the groundwater shows a 
vertical salinity stratification, with the Trealla Limestone hosting hypersaline (156,000 to 200,000 mg/L 
TDS) groundwater, with the salinity gradually decreasing upwards (50,000 to 150,000 mg/L in the 
Ashburton River Delta alluvium; 20,000 to 120,000 mg/L in the Dune Sands) in the shallow 
hydrostratigraphic units. In many of the monitoring bores, dissolved metal concentrations in the 
groundwater are above marine ANZECC Guidelines. The comparatively high dissolved metals 
concentrations are commensurate with the accumulation of salt in the local groundwater environment 
and the high groundwater salinity. 
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The Project developments would alter the local catchments, promote increased recharge and 
subsequently change water table elevations. There is potential to alter groundwater flow directions, 
hydraulic gradients and groundwater quality. A groundwater flow model has been developed, 
calibrated to the baseline water table. Subsequently the model has been adapted and applied to 
incorporate key elements of the Project infrastructure and to predict the changes to the baseline 
groundwater environment. The impact assessments and predictive model are predominantly inclusive 
of the option of onshore emplacement of dredge material. This option provides the largest onshore 
footprint and presents the worst-case for potential groundwater impacts. 

Construction Earthworks – Dredge Material Placement Area 
The potential dredge material placement area would be contained by perimeter embankments, except 
where the dune terrain provides a natural embankment.  Up to 10 Mm3 dredged material and 50 GL of 
seawater may be hosted within the dredge material placement area. The predictive simulations show: 

 The occurrence of mounding of the water table due to loadings from and infiltration of seawater. 
Initial mounding occurs from vertical infiltration, with saturation of the available storage in the 
dredge material, dune sands and Ashburton River Delta alluvium beneath the dredge material 
placement area.  Subsequently there is both vertical and lateral flow from the facility.  

 The mounded water table is likely to predominantly initially host seawater. The baseline 
groundwater salinity is typically higher than that of seawater. As such, initial infiltration from the 
dredge material placement area may typically be of lower salinity than the baseline. Over time, 
however, the salinity of infiltrates may change and be variable as the salt in storage above the 
water table is dissolved and mobilised by rainfall infiltration.

 The total seepage from the dredge material placement area peaks at about 2,200 kL/day, with 
contributions of about 200 kL/day through the facility embankments, up to about 1,900 kL/day that 
propagates through the base of the facility and manifests as seepage on the embankment 
perimeters and a variable portion that is increases in storage together with through-flow. Seepage 
discharge is predicted to predominantly occur on the perimeter of the southern embankment. 
Substantially smaller scale seepage discharges occur on the perimeter of the western and natural 
dune sands embankments. Seepage rates rise progressively throughout the dredge campaign, 
peaking as the campaign ceases.  Thereafter, the seepage rates decay to 200 to 400 kL/day over 
five to ten years.  Predicted seepage rates above 1,000 kL/day occur for about one year. Seepage 
would be manifest as visible groundwater discharge where the rising water table intersects ground 
surface.  Accumulation of salt is expected where the seepage expresses on the ground. Within the 
Ashburton River Mouth Catchment (on the toe of the dune sands that form a natural embankment 
for the dredge material placement area) the seepage footprint and rates are comparatively small. 
Low rates of seepage discharge may, however, occur for up to ten years. Changes to the water 
and salt budgets of the Ashburton River Delta are anticipated to be insignificant.  

The simulated seepage rates are sufficiently low that they may be intercepted by evaporation and not 
express as significant surface water flows on the ground surface. Notwithstanding, the seepage 
potentially imposes environmental risk. As such, the excavation of perimeter drains and provision for 
interception of the seepage before it discharges beyond the Southwest Catchment would be 
appropriate. Further, the predicted seepage may be limited by refining the conceptual designs such 
that internal embankments are constructed of transmissive materials and not beaching the dredge 
material against the facility embankments.  
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Presence of the Plant Pad Infrastructure 
Mounding of the water table is predicted to initially occur in the vicinity of the dredge material 
placement area.  Ultimately, a comparatively small-scale (about 0.5 to 1.0 m height) local residual 
steady-state water table mound is predicted.  

Operational Spills and Leaks 
The interception of leaks and spills is addressed in the spill containment designs. Notwithstanding, 
infiltration of contaminants may occur. The fate of contaminants would depend on the source and 
configuration of the water table.  Groundwater flow directions from beneath the Plant Pad are 
predominantly to the north and northeast, into the ocean and Hooley Creek West. Transit times for 
contaminants in the groundwater environment would be comparatively slow, typically limited to tens of 
metres per year. Consequently, there would be time to intercept contaminants before the local 
groundwater enters discharge zones. 
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1
Introduction

1.1 Project Description 
Chevron Australia Pty Ltd proposes to construct and operate a multi-train Liquefied Natural Gas (LNG) 
plant and a domestic gas (Domgas) plant 12 km southwest of Onslow (Figure1-1) on the Pilbara 
coast. The LNG and Domgas plants will initially process gas from fields located approximately 200 km 
offshore from Onslow in the West Carnarvon Basin and future yet-to-be determined gas fields. The 
project is referred to as the Wheatstone Project and "Ashburton North" is the proposed site for the 
LNG and Domgas plants.  

The Project will require the installation of gas gathering, processing and export facilities in 
Commonwealth and State Waters and on land. The LNG plant will have a maximum capacity of 25 
Million tonnes per annum (Mtpa) of LNG. The proposed plant site is located just behind the coastal 
dunes on the coastal flood plain and tidal zones that characterise Ashburton North. The construction 
of the proposed plant will require raising an elevated area of land (Plant Pad) sufficient to 
accommodate the development of onshore buildings, marine facilities and flood protection measures. 
The construction of a navigable channel will involve a large scale dredging program. 

The Wheatstone Project has been referred to the State Environmental Protection Authority (EPA) and 
the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA). The 
investigations outlined in this report have been completed to support the environmental impact 
assessment process. 

1.1.1 Wheatstone Project Construction and Operation Period 
The proposed construction and operational periods for the Wheatstone Project are: 

 Plant construction is from 2011 – 2016. 
 Operation period is thirty 30 years.  

1.1.2 Wheatstone Plant Development 
Ashburton North (Figures 1-2 and 1-3) is located on a local-scale catchment divide between the 
Hooley Creek Catchment, Southwest Catchment (southwest of the proposed Wheatstone plant pad) 
and the Ashburton River, each of which are hosted by the coastal delta area of the Ashburton River, 
termed the Ashburton River Delta. The Ashburton North site is exposed to tidal variation and intense 
rainfall and storm surges associated with tropical cyclones and monsoonal rain depressions. 

The Wheatstone Project comprises the onshore construction of a Plant Pad, Shared Infrastructure 
Corridor and Accommodation Village. Within the western portion of the footprint of the Plant Pad there 
may be a dredge material placement area (Figure 1-2). Alternative to the onshore placement would be 
disposal of all dredge material in offshore domains, resulting in a different onshore Project area 
footprint (Figure 1-3).  Borrow material for construction of elevated platforms is proposed to be 
sourced from selected pits within the Hooley Creek Catchment. The selected borrow pits (Figure 1-2) 
occur on islands and foreshore areas of the tidal embayment at Ashburton North.   
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Plant Pad 
The plant will be located on a raised platform (Plant Pad) constructed to an elevation of approximately 
7.5 m AHD. Construction of the platform would be engineered using borrow material and potentially 
dredge material. The potential dredge material placement area is a discrete facility with embankments 
forming the western perimeter of the Plant Pad. The proposed Plant Pad is located on the catchment 
boundary between the Southwest and Hooley Creek Catchments.  All plant area permanent structures 
would be set above the 1:100 Year Average Recurrence Interval (ARI) flood elevation.  

Dredge Material Placement Area 
The Wheatstone Project may include the onshore emplacement of dredge material. Under this option, 
dredge material would be transported hydraulically through a pipeline and placed into a dedicated 
placement area located within the Plant Pad footprint. The location of the dredge material placement 
area is shown on Figure 1-2. 

The dredge material handling and storage is described as follows: 

 During an 18 month near-shore cutter suction dredging program seawater slurry would drain into a 
discrete embankment area where dredge material solids settle. A decant drains the return water 
and the suspended fines into slimes ponds for settlement of the fines prior to discharge of the 
return water.

 Dredger productivity is likely to be up to 200 000 m3/week of dredge material transported in up to 1 
GL/week of seawater. The ratio of dredge material solids to seawater is approximately 1:5. 

 The capacity of the dredge material storage facility is estimated to be 20 Mm3.
 The total volume of dredge material solids to be stored is estimated to be 10.3 Mm3 (13.3 Mm3 after 

bulking). 
 Perimeter embankments for the placement area would be constructed along the northern, southern 

and western boundaries to a crest elevation of approximately +7.5 m AHD at the plant and 
approximately +6.5 m AHD at the western boundary, with 1 in 5 slopes and 20 percent compaction. 

 The potential pathway for the discharge of decanted seawater would be to the shore line in front of 
Plant Pad.

 Disposal decanted seawater would be subject to a discharge limit of 20 mg/L TSS.

Shared Infrastructure Corridor 
The proposed minimum finished elevation for the Shared Infrastructure Corridor from the existing 
Onslow Road, via the Construction Village to the plant pad is approximately 6.00 m AHD, designed to 
be above the 1:100 Year ARI storm surge elevation of approximately 4.8 m AHD.  

The proposed alignment of the Shared Infrastructure Corridor intersects several drainage lines in the 
Hooley Creek Catchment. These drainage lines drain local runoff from the Hooley Creek Catchment 
and periodic Ashburton River flood water after intense rainfall events.  

Accommodation Village 
The Accommodation Village is approximately 9 km inland. The proposed finished elevation of the 
village that accommodates the construction and operations camp is approximately 6 m AHD, 
predominantly above the 1:100-year ARI flood elevation. 
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1.2 Objectives and Scope of Work 
The objectives of this study are to: 

 Assess the hydrogeology of the existing environment 
 Interpret the available data to develop a conceptual hydrogeological model and baseline 

groundwater conditions at Ashburton North. 
 Identify potential impacts of the proposed Wheatstone Project on the groundwater environment. 

The impact assessments are predominantly inclusive of the option of onshore emplacement of 
dredge material. This option provides the largest onshore footprint and presents the worst-case for 
potential groundwater impacts.  

Water supplies for the Wheatstone Project are intended to be sourced from seawater. Hence, impacts 
on the groundwater environment due to groundwater abstraction during construction will be 
insignificant.
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2
Physical Setting of the Project Area 

2.1 Physiography 
The Wheatstone Project is located on the Onslow coast, near the mouth of Hooley Creek and about 
8 km east of the mouth of the Ashburton River, within the Northern Carnarvon Basin.  The regional 
physiography of the Northern Carnarvon Basin is dominated by wide alluvial valleys and river deltas 
associated with the drainage basins formed by the Yannarie, Ashburton, Cane, Robe and Fortescue 
Rivers. Each drainage basin hosts extensive low-relief alluvial plains interspersed with red dune fields. 
River flows are ephemeral, but semi-permanent water holes can occur locally in the river beds.  

The landforms within the area result from periods during the Tertiary when the Carnarvon Basin was a 
shallow sea bordering continental Australia. After the Eocene Epoch, both Cretaceous and lower-
Tertiary successions were exposed to an arid climate, with the associated formation of calcrete 
duricrusts in the Pliocene and coastal dunes in the Pleistocene. 

The vegetation is essentially open to dense shrub land and spinifex grassland. Occasional trees, 
including large Eucalypts, occur along the nearby Ashburton River. Land use is mainly pastoral with 
the exception of the Onslow Salt Project, which is located about 3 km from Ashburton North. 

2.2 Climate 
The Pilbara coast climate is arid-tropical, with influences of both tropical maritime air from the Indian 
Ocean and continental air from the interior. The climate can be generalised into summer (October 
through April) and winter (May through September) seasons. Table 2-1 and Chart 2-1 provide a 
summary of rainfall, evaporation and temperature data from Onslow Airport. These data are sourced 
from the Bureau of Meteorology (BoM). The summer season is characterised by hot daytime 
temperatures, often exceeding 40oC between November and February, and widely variable rainfall. 
The winter season is characterised by low rainfall and moderate temperatures (average daytime 
25oC). Coastal temperatures in both seasons tend to be moderated by the influence of onshore winds. 

The annual rainfall typically ranges from 230 to 350 mm and mainly occurs during cyclonic activity 
from January through April. Rainfall patterns vary widely due to the influence of tropical cyclones. 
Rainfall can be irregular and localised due to thunderstorm activity. Typically, rainfall intensity is 
highest near the coast and decreases inland. Rainfall from a single monitoring site is seldom 
representative of the entire local or regional catchment.  

Evaporation averages about 3,100 mm/year, measured at Onslow Airport. A nine-year evaporation 
record from 1966 to 1975 is available at Onslow. The closest station with long-term recorded 
evaporation rates is Port Hedland, about 400 km northeast along the coast. Data from Port Hedland 
have been added to Table 2-1 to provide a comparison to the Onslow record. Evaporation is strongly 
seasonal with long-term, mean monthly pan evaporation rates of 370 mm in December and 135 mm in 
June. 
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Table 2-1 Average Monthly Climate Statistics 

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Onslow Airport (Station No. 005017; 1940 to 2008) 

Mean Rainfall (mm) 34.5 60.3 77.8 13.0 54.9 45.5 20.3 9.9 1.3 0.9 3.1 3.0 321.9

Mean Number of Rain Days  0 2.6 2.3 1 2.6 2.3 1.6 1 0.3 0.1 0.3 0.3 16.4

Mean Monthly Pan Evaporation (mm) 351.7 292.3 295.3 232.5 172.1 134.4 145.3 180.7 247.5 319.3 341.3 369.9 3,082.3 

Decile 1 Maximum Temperature (°C) 31.4 31.8 31.7 30.0 25.2 22.8 22.4 24.0 26.5 28.0 29.1 30.9

Decile 9 Maximum Temperature (°C) 42.3 41.6 40.6 37.8 32.9 29.0 28.0 30.2 33.8 37.6 39.8 41.3

Decile 1 Minimum Temperature (°C) 21.2 22.1 21.1 18.0 13.5 10.2 9.0 10.1 12.4 14.9 17.2 19.2

Decile 9 Minimum Temperature (°C) 27.0 27.4 27.0 24.3 21.0 18.2 17.0 16.7 18.0 20.6 22.9 25.2

Port Hedland Airport (Station No. 004032; 1967 to 2008) 

Mean Monthly Pan Evaporation (mm) 325.5 268.8 288.3 261 229.4 195 204.6 232.5 267 328.6 342 353.4 3,296.1 
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2.2.1 Tropical Cyclones 
Onslow is located in the most cyclone-prone part of the Australian coast (BoM, 2009). The tracks of 
notable cyclones which have historically affected Onslow are displayed on Figure 2-1. Since 1910, a 
cyclone with wind gusts over 90 km/h has on average impacted Onslow about once every two years 
(BoM, 2009). The most severe tropical cyclones (Figure 2-2) include Trixie (1975) and Vance (1999). 

Originally, Onslow (now referred to as Old Onslow) was established near the mouth of the Ashburton 
River. The settlement was relocated east to the banks of Beadon Creek in 1925 because of changes 
in the river channel, predominantly resulting from flooding during tropical cyclones (BoM, 2008). 

2.2.2 Climate Change 

Rainfall
BoM rainfall records for Onslow have been analysed to determine long-term rainfall trends. Chart 2-2 
displays annual rainfall, mean rainfall and 10-year and 30-year moving-average rainfall. The 10-year 
and 30-year moving averages have an upward trend, indicating a gradual increase in annual rainfall. 
This trend may indicate further increases in annual rainfall in the near future.  

Notwithstanding the annual rainfall trends at Onslow, it is estimated (Climate Change in Australia - 
2007) that: (i) the Pilbara will experience a decrease in annual rainfall of between two and five percent 
by 2030 and (ii) changes in rainfall patterns will result in an increase in both rainfall intensity (rain per 
rain-day) and the number of dry days in the future.  Therefore in the future, longer dry spells, 
dispersed by heavier rainfall events, may occur at Ashburton North. 
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Cyclones
There is evidence from interpreted data and predictive models that cyclonic activity is changing as a 
result of global warming (BoM, 2008).  Analyses of cyclone data (Qi et al, 2008) suggest cyclone 
frequency over Western Australia has increased from 1905 to 2004 (Chart 2-3). Although pre-1970 
data may be less reliable than recent satellite data, these results suggest that the frequency of 
cyclones is likely to increase in the future.   

Contrary to the findings by Qi et al (2008), a number of studies (including Climate Change in Australia, 
2007), focussed on regional changes in cyclonic patterns, suggest a future reduction in the occurrence 
of cyclones in Western Australia.  An increase in the severity of cyclones is predicted, however, with 
the number of severe category systems escalating.   

Chart 2-3 Annual Number of Cyclones in WA, Trend Line and 5-Year Moving Average 

Evaporation
CSIRO has estimated that temperatures within Australia are likely to increase by up to 1°C by 2030 
and between 2°C to 5°C by 2070 (compared to 1980 to 1991 temperature records). It is likely that 
evaporation rates would increase as a result, although the likely impact is difficult to quantify.  Any 
increase in evaporation rates may be offset by an increase in rainfall intensity. 
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2.3 Geology 

2.3.1 Geological Setting 
The Geological Survey of Western Australia (1975) produced a 1:250 000 geological map and report 
of the regional area around Onslow as Bulletin 133. These geological data and interpretations were 
substantially updated in publications by Lasky and Mory (1999) and Lasky et al (2003).   

The Palaeozoic-Recent Northern Carnarvon Basin is a large, mainly offshore, basin on the northwest 
shelf of Australia. The major basin faults trend north or northeast and define a series of structural 
highs and sub-basins. Figure 2-3 shows the regional tectonic framework of the Northern Carnarvon 
Basin. 

The Northern Carnarvon Basin developed during four successive periods of extension and thermal 
subsidence. The main deposition centres of the Northern Carnarvon Basin host up to 12 km of 
sedimentary infill. Triassic to Early Cretaceous deposition is dominantly siliclastic deltaic to marine, 
whereas slope and shelf marls and carbonates dominate the Mid-Cretaceous to Cainozoic 
successions. The carbonate-rich sediments were deposited as a series of northwest propagating 
wedges as the region continued to cool and subside. This resulted in deep burial of the underlying 
Mesozoic source and reservoir sequences in the inboard part of the basin.  

Almost all the known hydrocarbon resources in the basin occur in reservoirs within the Upper Triassic, 
Jurassic and Lower Cretaceous sandstones beneath a regional Early Cretaceous seal formed by the 
Muderong Shale Formation. 

Ashburton North is located on the Peedamullah Shelf within the Northern Carnarvon Basin. Figure 2-4 
shows the pre-Cretaceous geology of the Peedamullah Shelf and Onslow Terrace and a cross-section 
(D-D’, Figure 2-5) through Ashburton North. Major structural elements in the region appear to control 
the thickness of sediments.  

2.3.2 Stratigraphy 
The local superficial formations are about 25 m thick and predominantly comprise silty and sandy 
alluvium, with occasional sandy palaeochannel deposits, associated with the Ashburton River Delta.  

Underlying the superficial formations is Tertiary limestone and sandstone (Trealla Limestone), with a 
variable thickness (maximum about 60 m). Beneath the Trealla Limestone is a thick Early-Cretaceous 
succession of the Winning Group that includes the Gearle Siltstone, Windalia Radiolarite, Muderong 
Shale, Mardie Greensand and Birdrong Sandstone.  

The stratigraphy beneath Ashburton North is summarised in Table 2-2 and described below. The 
presented data are predominantly interpreted from the Jade 1 petroleum exploration well (Department 
of Industry and Resources, Western Australia, Information Request for Jade 1, 1993) located in the 
centre of the Project area. Jade 1 was drilled in 1993 by Pan Pacific Petroleum NL to test the local 
hydrocarbon potential of the Birdrong Sandstone. 

The regional surface geology of the area is shown on Figure 2-6 and the interpreted generic 
stratigraphy is shown on Figure 2-7. 
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Table 2-2 Interpreted Regional and Ashburton North Stratigraphy 

Formation Age Lithology Typical Depth Interval 

(m)

Superficial Formations  
Dune Sands  

Recent/Quaternary Gravelly sand, calcareous 
sandstone and sand variably 
lithified and consolidated. 

0 - 3 

Superficial Formations 
Ashburton River Delta 
Alluvium 

Recent/Quaternary Poorly consolidated 
claystone and minor 
limestone. 

0 - 25 

----------Unconformity---------- 
Trealla Limestone Tertiary Interbedded limestone and 

claystone with siltstone, sand 
and limestone at the base. 

25 - 87 

----------Unconformity---------- 
Gearle Siltstone Early-Cretaceous Argillaceous siltstone, 

grading to a silty claystone; 
commonly pyritic, glauconitic 
and micaceous. 

87 - 318 

Windalia 
Radiolarite 

Early-Cretaceous Radiolarian siltstone. 318 - 382 

Muderong Shale Early-Cretaceous Argillaceous siltstone with 
thin lenses of siltstone and 
fine sandstone. 

382 – 476 

Mardie Greensand 
Member

Early-Cretaceous Glauconitic sandstone and 
minor interbedded claystone, 
silica cemented. 

476 – 490 W
in

ni
ng

 G
ro

up
 

Birdrong
Sandstone 

Early-Cretaceous Glauconitic sandstone with 
minor interbedded claystone. 

490 – 502 

Mungaroo Formation Triassic Quartzose sandstone, 
siltstone and shale. 

502 - 604 
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Recent
SUPERFICIAL FORMATIONS ALLUVIUM (0 to 25 m depth) 

Tidal flats comprise: (i) near-surface Quaternary beach and coastal dune systems (unconsolidated 
quartz calcarenite); or (ii) intertidal flats and mangrove swamps (calcareous clay, silt and sand); and 
are underlain by claypan-dominant terrain (clay, silt and minor sand). 

Inland from the coast, colluvial sediments (clay, silt, sand and gravel) generally overlie clay-pan 
deposits. Weakly calcretised alluvial sediments (containing clays, silts, sand and gravel) are generally 
found within major river systems (such as the Cane and Ashburton Rivers) and minor creeks. 

Tertiary
TREALLA LIMESTONE (25 to 87 m depth) 

The Trealla Limestone can be subdivided into three lithological units: (i) an upper interbedded 
claystone and limestone unit; (ii) a middle limestone unit; and (iii) a lower unit of interbedded siltstone, 
sand and limestone. 

The upper unit comprises soft, puggy, dispersive claystone (similar to the overlying superficial 
formations) and limestone made up of predominantly calcilutite and subordinate calcarenite. The 
middle unit consists of hard and brittle calcilutite and variably dolomitic calcarenite. The lower unit is 
characterised by generally soft, sticky and dispersive claystone interbedded with unconsolidated 
sands with a high inferred porosity. 

Cretaceous 
UPPER GEARLE SILTSTONE (87 to 259 m depth) 

Non-calcareous glauconitic siltstone/claystone, strongly pyritic towards the middle of the unit and 
becoming interbedded with sandstone, calcilutite and dolomite at the base. 

LOWER GEARLE SILTSTONE (259 to 318 m depth) 

A generally soft, puggy, blocky, non-calcareous siltstone with both glauconite and pyrite in trace 
amounts. Thin intercalations of sandstone and calcilutite occur, but are rare. 

WINDALIA RADIOLARITE (318 to 382 m depth) 

Predominantly comprises radiolarite, siltstone, claystone and minor very fine-grained sandstone with 
white specks of radiolarians and bentonite. 

MUDERONG SHALE (382 to 476 m depth) 

Interbedded siltstone and claystone, with sandstone and dolomite towards the base. It is the main 
reservoir rock in the Barrow Island Oil Field. Both the Windalia Radiolarite and the Muderong Shale 
were deposited in a shallow-marine environment in the initial phase of a transgression. 

MARDIE GREENSAND (476 to 490 m depth) 

Glauconitic and pyritic sandstone and minor interbedded claystone. 
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BIRDRONG SANDSTONE (490 to 502 m depth). 

Unconsolidated, coarse-grained to granular sand with subordinate interbedded claystone. The upper 
sand from 490.0 to 492.5 m (2.5 m thick) has a maximum porosity of 25 percent (average 15 percent), 
while the lower sand from 494.5 to 501.5 m (7 m thick) has a maximum porosity of 33 percent 
(average 25 percent). 

Both sands have sharp bases and fining-upwards log signatures characteristic of low gradient fluvial 
sands, and show resistivity log separation and mud-cake build-up indicative of a hydraulic conductivity 
similar to that of sandstone aquifers. The local and regional Birdrong Sandstone is interpreted to form 
an aquifer. 

Triassic
MUNGAROO FORMATION (502 to 604 m depth) 

Glauconitic sandstone, locally pyritic and often hosting pyritised fossil fragments. The thicker sand 
successions (10 to 20 m thick) show the blocky character indicative of a high-energy fluvial deposition 
environment. The thinner sands beds (5 to 10 m thick), show fining upwards character indicative of a 
low-energy fluvial deposition environment. Fossil fragments down to 530 m may indicate a shallow 
marine environment for the shaly interbeds. The lower part of the Mungaroo Formation in Jade 1 may 
have been deposited in a high-energy fluvial environment and the upper part in a low-energy coastal 
plain. Porosities range up to 38 percent (average around 25 percent) and showing pronounced mud-
cake build-up indicating hydraulic conductivity similar to that of sandstone aquifers. 

2.4 Hydrogeology 
Outside of the Carnarvon Basin, there are no known major groundwater resources near the coast in 
the rocks of the Pilbara Craton. Therefore, the description of the regional hydrogeology is limited to the 
Carnarvon Basin. 

2.4.1 Overview and Previous Work 

Carnarvon Basin 
Hydrogeological assessments of the Carnarvon Basin have been developed from groundwater drilling 
data and petroleum exploration activities. Many assessments focus on the Birdrong Sandstone (and 
associated aquifers), as this regional aquifer system has been the predominant source for stock and 
domestic water supplies since the early-1900s. The Birdrong Sandstone is the most significant 
regional confined aquifer in the Carnarvon Basin and is intersected by both artesian and sub-artesian 
water supply bores.  Historically, it has been used to supply predominantly brackish (1,000 to 12,000 
mg/L TDS) groundwater to pastoral and salt industries. 
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In a regional context, an initial study by Playford and Chase (Australian Petroleum Pty. Ltd, 1955) 
collated geological and hydrogeological data for the Carnarvon Basin from the previous 50 years. A 
follow-up study (McWhae) was completed in 1958. Allen (1986) interpreted groundwater level data, 
produced a map of potentiometric groundwater elevations for the Birdrong Sandstone and investigated 
the consequences of long-term uncontrolled groundwater flows from Birdrong Sandstone artesian 
bores. In 1996, Skidmore provided an assessment of the groundwater resources hosted by the major 
catchments of the Pilbara. A regional-scale hydrogeological assessment of the Carnarvon Basin is 
provided by Wills and Dogramaci (2000) and Hillier et al (2002) investigated groundwater recharge 
and flow using stable and radiocarbon isotopes. 

Southern Carnarvon Basin 
Site specific, local groundwater studies have been completed in the Southern Carnarvon Basin 
associated with recharge to reaches of the Wooramel River on Meedo Station (Global Groundwater, 
2004) and the Gascoyne River at Carnarvon (Panasiewicz, 1995). Further south, near Shark Bay, the 
hydrogeology of both the superficial formations and Birdrong Sandstone was investigated for the 
Coburn Mineral Sand Project (URS, 2005 and 2006). 

Northern Carnarvon Basin 
Within the Northern Carnarvon Basin, there are comparatively recent hydrogeology studies by Martin 
(1989), Tomlinson (1994) and Yesertner and Prangley (1997) on alluvial aquifers preferentially 
developed in high-energy fluvial palaeochannel deposits associated with the Cane and Ashburton 
rivers. 

Alluvial successions and Trealla Limestone, beneath reaches of the Cane River, were investigated by 
drilling programs reported by Martin (1989). The Cane River is reportedly underlain by about 25 m of 
alluvium which unconformably overlies the Trealla Limestone. Both successions form aquifers and are 
hydraulically connected. The alluvium consists of poorly sorted silt, sand and gravel with lenses of 
palaeochannel sand and gravel limited in thickness to about 5 m.  

Tomlinson (1994) developed an estimate of the sustainable yield of Cane River alluvial successions. 

Yesertner and Prangley (1997) reported on a Water and Rivers Commission groundwater exploration 
drilling program in June 1994 to investigate the superficial formations aquifers associated with the 
Ashburton River. The program focussed on an area about 80 km south of Ashburton North and 
consisted of nine groundwater exploration bores. The major aquifer identified by the drilling program 
comprised alluvial gravel and sand deposits of the ancient river bed, which extends 18 km northwest 
from the Ashburton River at Nanyingee Hill. 

In 2008, Haig completed an overview of the groundwater resources potentially hosted in alluvial 
palaeochannel successions, associated with ancient watercourses of the major rivers, along the 
Pilbara coast. This study included the Ashburton, Cane, Robe and Fortescue Rivers of the Northern 
Carnarvon Basin. 

2.4.2 Unconfined Aquifers 
Groundwater in the regional hinterland of Ashburton North occurs in shallow unconfined aquifers 
associated with major river channels. 
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Within the Northern Carnarvon Basin, unconfined aquifers are known to be formed by: 

 Alluvial palaeochannel successions associated with ancient watercourses beneath reaches of most 
major rivers. 

 Alluvial successions beneath the wide river valleys and deltas associated with the drainage basins 
formed by the Yannarie, Ashburton, Cane, Robe and Fortescue Rivers on the coastal plain. 

Where saturated, dune beach sands may form local minor aquifers.  

Alluvial Palaeochannels 
Shallow, brackish groundwater resources along the Pilbara coast occur predominantly in alluvial 
palaeochannel aquifers associated with the major rivers (Ashburton, Cane, Robe and Fortescue) 
(Figure 1-1). These aquifers are formed by relict fluvial sand and gravel deposits in ancient 
watercourses that occur beneath and/or adjacent to the current river beds. Groundwater recharge 
occurs predominantly from the infiltration of intermittent stream flow. Comparatively low salinity 
groundwater from alluvial palaeochannel aquifers beneath the Cane, Yule and De Grey rivers is 
currently used for town water supplies. It is likely that all alluvial palaeochannel aquifers contain saline 
groundwater near the coast. 

The transmissive successions of the Cane River alluvial palaeochannel occur as narrow ribbon 
deposits sub-parallel to the current river. They have a saturated thickness from about 7 m in the north 
to 18 m in the south. Significant yields are reported from the contact between the alluvium and the 
Trealla Limestone. The limestone produces variable yields from bedding-plane partings, fractures and 
joints. The Lower Cane River alluvial palaeochannel aquifer is the source for the Onslow Water Supply 
Scheme. Currently 19 production bores are operating for a licensed allocation of 0.35 GL/year. The 
sustainable yield is about 0.3 GL/yr for the wellfield, which traverses a 3 km length of the river 
(Tomlinson, 1994). The available yield from the Lower Cane River alluvial palaeochannel is about 0.1 
GL/year for each kilometre of river (Hydrogeology Report Series; The Pilbara Coast Water Study; 
Haig, 2008). 

The known alluvial palaeochannel of the Ashburton River consists of sand and gravel deposits up to 
37 m thick; with the basal 14 m being saturated. Siltstone and claystone of the Gearle Siltstone or 
Windalia Radiolarite occur beneath the alluvial successions. Airlift yields from the investigation bores 
in the alluvial palaeochannel ranged from 15 to 42 kL/day (Yesertener and Prangley, 1997). The 
Ashburton River alluvial palaeochannel aquifer covers a known area of about 100 km2 and about 40 
km2 probably contains groundwater of salinity < 2,000 mg/L TDS. By assuming an average saturated 
thickness of 14 m, and a specific yield of 0.2 (dimensionless) for the alluvial palaeochannel deposits, 
groundwater storage of about 100 GL is estimated. It is likely that recharge occurs from stream flow 
along comparatively short reaches of the Ashburton River. Groundwater is a sodium-chloride type and 
salinity ranges from 2,000 to 8,000 mg/L TDS in the area investigated.  
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Coastal Plain Alluvium 
Regionally, the water table occurs in alluvial successions formed by the superficial formations. 
Typically, the alluvial successions of the superficial formations beneath the wide river valleys and 
deltas of the coastal plain are less than 30 m thick. These sediments overlie Tertiary and/or 
Cretaceous limestone, siltstone and claystone successions of the Trealla Limestone, Gearle Siltstone 
or Windalia Radiolarite. Groundwater levels are typically less than 10 m below ground in inland areas 
and within a few metres of (or at) ground surface near the coast. Groundwater flow is to the northwest, 
towards the coast, and discharges into river deltas and the ocean. Beneath the coastal plain, pastoral 
supplies of brackish to saline groundwater are abstracted from low-yielding bores and wells. 

Groundwater salinity is generally adequate for stock watering, only if sourced from the water table 
zone. Groundwater yields from the superficial formations are moderate to small.  

2.4.3 Confined Aquifers 
Groundwater in the regional hinterland of Ashburton North also occurs in confined aquifers in the 
deeper Carnarvon Basin successions. 

Confined aquifers are known to occur in the Trealla Limestone (semi-confined by the superficial 
formations), and Birdrong Sandstone (confined by the Gearle Siltstone and Muderong Shale). 

The Windalia Radiolarite has an anisotropic permeability distribution and may be only a minor 
confined aquifer (Wills and Dogramaci, 2000) or an aquitard (Lasky, 2003).  

Trealla Limestone 
The Trealla Limestone occurs predominantly beneath the coastal plain from the Ashburton River to the 
Lower Robe River. It has a poorly defined distribution and outcrops only in small, isolated patches. In 
Jade 1, Trealla Limestone is intersected at 25 m and has a thickness of 62 m. The local succession 
consists of limestone, sand, siltstone and claystone interbeds. Limestone is the predominant lithology 
in the form of calcarenite and calcilutite. Groundwater recharge occurs by leakage from the overlying 
alluvial successions (Skidmore, 1996). There is limited information on yields from bores completed in 
the Trealla Limestone. At the Robe River, yields of 980 kL/day have been reported where fissured 
limestone is in contact with the overlying alluvial sediments. In the Lower Cane River area, yields of up 
to 300 kL/day have been reported where the limestone is fractured, but most yields are less than 100 
kL/day (Skidmore, 1996).  

Birdrong Sandstone 
The Birdrong Sandstone predominantly comprises poorly sorted glauconitic sandstone, with minor 
siltstone and conglomerate. At the inland margin of the Carnarvon Basin, the Birdrong Sandstone is 
unconfined where the overlying Muderong Shale is absent; groundwater recharge occurs in this area. 
The recharge is interpreted to be predominantly sourced from the infiltration of stream flow where the 
Birdrong Sandstone is unconfined. Nominally, the recharge rates are 0.5 (Wills and Dogramaci, 2000) 
to 10.0 (Department of Environment, 2004) mm/year, thus representing <1 to 4 percent of annual 
average rainfall. Based on groundwater isotope data, Hiller et al. (2002) suggest recharge rates of 
about 1.5 to 2 mm/yr in the Carnarvon Basin. DoE (2004) suggests that the annual total recharge to 
groundwater in the Carnarvon Basin is approximately 17 GL.  
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In Jade 1, the Birdrong Sandstone was intersected at 490 m, with a thickness of 11.5 m. Regionally, 
the Birdrong Sandstone has consistently high porosity and hydraulic conductivity (Crostella and Lasky, 
1997), with porosities of 25 to 33 percent. Pan Pacific Petroleum NL (Department of Industry and 
Resources 1993, Information Request for Jade 1) reported the Birdrong Sandstone in Jade 1 as 
having good reservoir characteristics (average porosity 25 percent). Petrophysical analyses indicate 
that the entire succession is probably an aquifer. 

The interpreted potentiometric surface of the Birdrong Sandstone (URS, 2007) is a few metres above 
sea level in the vicinity of Onslow. Groundwater flow is to the northwest, towards the coast, with 
natural discharge occurring offshore via faults into overlying sediments and ultimately to the sea. 
Groundwater salinity increases from brackish (5,000 mg/L TDS) along the eastern margin to saline 
(>10,000 mg/L TDS) nearer the coast. Estimated groundwater salinity in the Birdrong Sandstone in 
Jade 1, is about 6,050 mg/L1 TDS. The temperature of groundwater in the Birdrong Sandstone ranges 
from around 30 oC inland to 45 to 60 oC along much of the coast, depending on the depth. 

2.5 Hydrological Characteristics of the Ashburton River 
Ashburton North is located in the Ashburton River Catchment. The Ashburton River is one of the major 
rivers of the Pilbara with a catchment area of approximately 79,000 km2 (Figure 2-8). Stream flow is 
ephemeral, occurring in response to significant local and regional rainfall events. Runoff is 
preferentially generated in the upper reaches of the catchment due to greater topographic relief. 
Downstream on the coastal plain, the Ashburton River fans out into a deltaic system made up of wide 
and braided flow paths before discharging into the Indian Ocean. The delta contains tidal creeks and 
pools, the lower reaches of which are frequently inundated by the sea. Major flows occur in the 
Ashburton River every one to three years. River flows predominantly occur during the cyclone season 
and are typically ephemeral. 

At a local scale, Ashburton North is located within the Ashburton River Delta, the near-coastal 
expression of the Ashburton River Catchment. The catchment area of the Ashburton River Delta 
comprises the Ashburton River Mouth, Southwest, Hooley Creek and Northeast Catchments (Figure 
2-9). The proposed Plant Pad is located on the catchment divide between the Southwest and Hooley 
Creek Catchments. Infrastructure associated with the Project would impose on both of these 
catchments. The Shared Infrastructure Corridor and the Accommodation Village are located in the 
Hooley Creek Catchment area well outside the tidal zone, but the alignment of the Shared 
Infrastructure Corridor crosses a number of drainage lines within the catchment. 

2.5.1 Ashburton River - Historical Flows and Flood Events 
Flow in the lower reaches of the Ashburton River (Chart 2-4) has been monitored since 1972 at the 
DoW gauging station at the Nanutarra Bridge, approximately 100 km inland from the river mouth.  The 
annual flow volumes in the Ashburton River vary significantly, ranging from 3 GL in 2007 to 4,500 GL 
in 1997. 

                                                     
1 Using the 16” (R16=7 ohm.m) and 64” (R64=7 ohm.m) resistivity normals after Archie’s law (Archie, 1942) with F as the 
Formation factor with a porosity of 25 percent in the following formula: 
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The maximum flow rates on the Ashburton River (Chart 2-5) were obtained for every year; using the 
average daily maximum stream flow values. 

Historical Annual Flows
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Chart 2-4 Ashburton River - Annual Flow Volumes (1973 to 2008) 
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Chart 2-5 Ashburton River - Annual Maximum Flow Rates (1973 to 2008) 
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2.5.2 Ashburton River - Frequency of Flooding 
A flood frequency assessment of the Ashburton River was performed using Log-Pearson Type III 
Analysis to obtain the magnitude and frequency of stream flow on the Ashburton River.  Interpreted 
flows for selected ARI events are shown in Table 2-3. 

Table 2-3 Ashburton River - Flood Frequency Using Log-Pearson Analysis III 

Average Recurrence Interval 

(years)

Discharge

(m3/s)

1 5 
2 700 
5 2000 

10 3150 
25 4500 
50 6000 
100 7000 
200 8000 
500 9000 

1000 11 000 

A flood frequency analysis (Chart 2-6) was prepared for the Ashburton River, based on flows recorded 
at the Nanutarra Bridge. The flow event in February 2009, resulting from Cyclone Dominic, recorded a 
peak flow at the Nanutarra Bridge of 411 m3/s. This flow event has a recurrence interval of less than 
two years (Chart 2-6).
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Chart 2-6 Ashburton River - Flood Frequency Analysis 
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2.5.3 Ashburton River - Water Quality 
The Ashburton River flow is generally fresh, with a salinity of about 130 mg/L TDS (Ruprecht & 
Ivanescu, 2000). Water salinity in others rivers in the Pilbara is similar, typically in the range of 50 to 
1,000 mg/L. Salinity in the Ashburton River generally decreases with increasing flow, becoming more 
saline during times of low flow. 

When in flow, the Ashburton River mobilises sediment. The total average sediment load has been 
calculated to be 1.3 Mtpa (URS, Ashburton River Flow and Sediment Study, May 2009). Annually, this 
load varies widely, depending on river flow. The total estimated annual sediment load between 1973 
and 2008 ranged from 450 tonnes (in 2007 during a time of low rainfall and low flow) to 13.8 Mt (in 
1997 during a major flood event). Total Suspended Solids (TSS) and turbidity in the flow of the 
Ashburton River are generally low, but increase as flows increase. The turbidity for the Ashburton 
River ranges from less than 10 NTU (about 15 mg/L TSS) at low flows of 30 m3/sec, to 3,300 NTU 
(about 5,000 mg/L TSS) at a flow rate of around 250 m3/sec. The flow weighted turbidity for the 
Ashburton River is 1,705 NTU, which is higher than other Pilbara rivers, which range from 10 to 587 
NTU (Ruprecht & Ivanescu, 2000). There is a correlation between TSS and turbidity, which is site-
specific and can be determined for individual systems. In general, both TSS and turbidity increase with 
increased flows. For average flow rates, the turbidity in the Ashburton River is comparatively low. In 
flood events, however, comparatively high turbidity has been observed, suggesting active erosion in 
the catchment during high rainfall events. 

2.5.4 Ashburton River Delta Catchment 
The Ashburton River Delta Catchment has an area of 190 km2 (Figure 2-9). The Ashburton River Delta 
Catchment comprises the Ashburton River Mouth, Southwest, Hooley Creek and Northeast 
catchments. None of these catchments is gauged.  

The Ashburton River Delta Catchment is characterised by: 

 A comparatively small catchment area. 
 Ephemeral runoff estimated to vary significantly, depending on local and regional rainfall.  
 Five main watercourses (Ashburton River, Hooley Creek West, Hooley Creek East, Eastern Creek 

and Four Mile Creek) discharging into the ocean. 

Three main components influence the catchment characteristics of the Ashburton River Delta: 

 Flooding of the Ashburton River.  
 Localised rainfall events.  
 Tidal inundation by seawater. 

These three components are not discreet and independent. Catchment divides between the Ashburton 
River, Southwest Catchment and Hooley Creek Catchment have a low topographical relief (Figure 2-
10). As such, the catchment divides are over-topped with stream flow from the Ashburton River during 
larger flood events and the catchments become temporarily combined. Consequently, the Ashburton 
River in flood may affect flood levels and stream flow in both the Southwest and Hooley Creek 
Catchments. Baseline flood assessments for 5, 10, 25, and 100-year ARI rainfall events indicate the 
Ashburton River overflows its banks during all four events.  These ‘breakouts’ promote flows into low-
lying areas of the Southwest and Hooley Creek Catchments. The areas and depths of inundation may 
be extensive over Ashburton North.  Baseline assessments indicate flows from the Ashburton River 
may cause flooding in the vicinity of Ashburton North at recurrence intervals of less than two years.  
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At ARIs of less than two years, the local catchments predominantly function independently, with 
surface water flow directions controlled by local topography (Figure 2-11). The effects of local flooding 
are demonstrated by the rainfall events of early-2009, in particular the 1: 2-year ARI event of 28 
January. The flood impacts of this event are shown (Figure 2-12) to be widespread across both the 
Southwest and Hooley Creek Catchments, but not propagating across the local catchment divides. 
Comparative volumes of stream flow are provided on Figure 2-13 for the Ashburton River Delta, 
Southwest, Hooley Creek and Northeast Catchments. The Hooley Creek Catchment stream flows are 
substantially (up to two orders) larger than those in the adjoining catchments.   

The abandoned site of Old Onslow is located west of the Project area, within the Southwest 
Catchment. Salt crystallisation ponds operated by the Onslow Salt Project are located to the east of 
the Project area, within the Hooley Creek Catchment. 

2.6 Tides 

2.6.1 Tidal Influence 
Onslow is one of the national standard port tidal reference stations (62470), with a tide gauge located 
in Beadon Creek and maintained by the WA Department of Transport. Along the Onslow coast, a 
mesotidal setting hosts mixed, mainly semi-diurnal tides with a spring tide range of 1.9 m. Tidal 
variations and ranges (Table 2-4) have been recorded between 1.68 m AHD (Highest Recorded Tide, 
HRT) and -1.99 m AHD (Lowest Recorded Tide, LRT), with a mean sea level of 0.06 m AHD (DPI, 
2004). Highest Astronomical Tide (HAT) on the Onslow coast is 1.55 m AHD and Lowest Astronomical 
Tide (LAT) is -1.42 m AHD. The tidal record associated with the Highest Recorded Tide on 8th of 
March 2000 was sourced from the Department of Transport Spatial Information Branch, Operations 
Division. 

Key water level processes affecting the coast near Onslow include tides, cyclonic surges, seasonal 
ranging and inter-annual mean sea level variations (National Tidal Facility, 2004). The tidal forcing 
contains a range of cycles, including: (i) semi-diurnal ranging; (ii) the monthly spring-neap cycle; (iii) a 
bi-annual cycle due to movement of the solar equator; and (iv) a 4.4 year cycle developed from lunar 
elliptic motion (Damara, 2009). 

Table 2-4 Summary of Tidal Planes (Australian 'National Tide Tables') – Onslow 

Tidal Plane Elevation (m AHD) 

Highest Astronomic Tide +1.5 m AHD 

Mean High Water Springs +1.0 m AHD 

Mean High Water Neaps +0.3 m AHD 

Mean Sea Level 0.0 m AHD 

Mean Low Water Neaps -0.3 m AHD 

Mean Low Water Springs -0.9 m AHD 

Lowest Astronomic Tide -1.5 m AHD 
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The seasonal variations of tides, surges and mean sea level are generally not in phase because: 

 Tidal peaks occur near the equinoxes in March and September. 
 Surge peaks mainly occur in January to March due to tropical cyclones, and from June to August 

due to mid-latitude systems. 
 The seasonal mean sea level peaks during April. 

This relative timing means that high sea level events (>1.0 m AHD) can occur over the majority of the 
year. The relative timing of the tidal and mean sea level peaks provides increased potential for high 
sea level events to occur as a result of late season tropical cyclones, in March or April (Damara, 
2009). 

Landforms at Ashburton North are influenced by tidal actions. Tidal fluctuations affect expressions of 
inundation in the lower reaches of the Ashburton River Mouth, Southwest Catchment and Hooley 
Creek Catchments. Downstream reaches of the Ashburton River and Hooley Creek are daily and 
temporally inundated by seawater. Figures 2-14 and 2-15 show mean sea level and areas inundated 
by typical high tides. Figure 2-16 illustrates the influence of Highest Recorded Tide on the local 
landforms.

2.6.2 Storm Surge 
Storm surge is a complex function of cyclone intensity and motion, extent of maximum winds, 
bathymetry and coastline shape. The worst-case storm surge occurs when a severe cyclone passes 
near the coast concurrent with a high tide. The associated sea level (‘the storm tide’) is a combination 
of the storm surge and tidal variation. The storm surge may rise above the HAT. For example, a 1:25- 
year ARI storm surge exceeds the inundation caused by the HAT.  

Onslow has been periodically inundated in the past by storm surge, particularly during the cyclones of 
1934, 1958, 1961 and in 1999 (BoM, 2009b). Cyclone Vance caused one of the largest recorded 
storm surges (+3.7 m AHD) in the Onslow area (Global Environmental Modelling Systems (GEMS), 
2000), which was in the order of a 45 to 50-year ARI event. This storm surge inundated much of the 
coast and caused widespread erosion (BoM, 2009). 

A study for the Shire of Ashburton at Onslow (GEMS, 2000) quantified storm surge risk.  GEMS 
estimated a 1:100-year ARI storm surge of 4.7 m AHD in the vicinity of the Ashburton River mouth. 
Figure 2-17 shows the simulated land submergence caused by a 1:100-year ARI storm surge. 

2.7 Geomorphology 
Semeniuk (1993) characterised the Pilbara coast as “a riverine coastal plain in a tropical arid setting”. 
The western portion of the Pilbara coast, near Onslow, is part of the Carnarvon Basin. The hinterland 
of the Onslow coast (the Onslow Plain) is low-lying with vast areas of high tidal mud flats and supra-
tidal salt flats. This is a dynamic coastline that is characterised by an exposed, sandy shore with both 
constructional and erosional processes ongoing.  
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At a regional scale, Ashburton North is located in a primary coastal geomorphology compartment (the 
Ashburton Compartment) extending from Tubridgi Point to Cape Preston (Damara, 2009). It is a single 
sediment cell extending over 70 km. The net sediment movement within the Ashburton Compartment 
is easterly. The major transport path in the cell is along the shore at the beach face, with much of the 
material being supplied as littoral drift along spits fed from the Ashburton River. Sediment sinks 
include chenier spits, coastal dunes, inshore shoals and mudflats by tidal creeks (Damara, 2009).  

Major sources of sediment in the Ashburton Compartment include: 

 Alluvial sediments discharged by the Ashburton River. 
 Erosion of dunes and rocky shores by near-shore processes. 
 Erosion of salt flats and mudflats by fluvial run-off and tidal creeks after flooding and tidal 

inundation. 
 Bio-production and reworking of material from the inner continental shelf.  

At a local scale, tidal creeks play a role in exchanging sediment between the terrestrial and marine 
environments. Inundation of the coastal wetlands by runoff during floods reinforces ebb currents and 
may contribute to erosional scour of the wetland margins as water levels fall after peak flows. In 
places where the flood-tide flows are dominant, the tidal creeks may deposit silty sands and mud on 
the mudflats.  

Within the Ashburton Compartment, there are numerous landforms, including:   

 Sandy beaches.  
 Sand bars and shoals at the mouth of tidal creeks. 
 Rocky shores.  
 Mangroves. 
 Lagoon flats and a large high tidal mudflat unit (i.e. mudflat areas located further landward of the 

mangrove fringed tidal creeks), which host bioturbated mudflats with samphire communities, algal 
mats and supratidal salt flats.  

The frequency of tidal inundation across the intertidal zone is an important determining factor in 
controlling the distribution of landforms. 

In the vicinity of Ashburton North, a geomorphic classification of coastal habitats published by 
Semeniuk (1986) has been used to define three coastal geomorphic units:  

 Onslow Coastal Tract. 
 Ashburton River Delta. 
 Hooley Creek–Four Mile Creek Tidal Embayment. 

Structure and distribution of intertidal habitats are predominantly controlled by the pre-existing 
geomorphology and underlying geology. Locally, the topography is characterised by a series of low 
dunes and between the dunes are tidal and supratidal flats (Figure 2-18). The aeolian and alluvial 
depositional landscape comprises north-south trending dunes, unconsolidated and undulating sand 
plains, clay pans and incised watercourses. A simplified coastal geomorphology and distribution of the 
intertidal habitats and adjacent supratidal areas is shown on Figure 2-19. 
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The Onslow Coastal Tract occurs between Tubridgi Point and Coolgra Point, forming an extensive 
system of sandy beaches backed by coastal dune systems, limestone barriers and tidal flats. Sandy 
beach and dune systems are interrupted only by the Ashburton River Delta and tidal entrances for the 
Hooley, Eastern and Four Mile Creeks. The tidal creeks breach gaps in the dune barrier systems and 
form networks of narrow drainage channels that enable tidal flows to (and from) expansive tidal flat 
embayments to extend several kilometres landward of the beach. Localised areas of sand bars and 
shoals are formed at the mouths of tidal creeks and the Ashburton River, where fine to medium 
grained sands have been deposited and re-worked into delta-shaped formations. Generally, the sandy 
beaches are backed by steep, vegetated fore-dunes forming the beach/dune geomorphic unit that 
characterises the Onslow coast. Throughout the Onslow coast, modern mangrove and tidal flat 
deposits are superimposed upon a Holocene and/or Late Pleistocene, semi-consolidated shell bed 
pavement.

The Ashburton River Delta is an accretionary sedimentary feature occupying about 9 km of the 
coastline from the mouth of the Ashburton River. The delta is characterised by a complex system of 
spits, cheniers, tidal flats, channels and coastal dune barriers. Eastward littoral transport has focussed 
depositional activity on the eastern delta, immediately adjacent to Ashburton North. A series of parallel 
sand deposits are separated by elongate lagoons which host subtidal and intertidal mangrove and 
mudflat deposits. The Ashburton River Delta supports 526 ha of mangroves and a diversity of 
mangrove assemblages. Landward of the mangrove zone, large areas of mudflats typically extend to 
the hinterland margin or merge with the supratidal salt flats. These mudflat areas occur in the upper 
sections of the intertidal zone and hence are not regularly inundated by tides. Two habitat types are 
recognised within the mudflats - bioturbated mudflats with samphire communities and algal mats.  

The Hooley Creek–Four Mile Creek Tidal Embayment is a broad tidal flat to the east of Ashburton 
North that includes narrow tidal creeks, with fringing mangroves and extensive mudflats. It is drained 
to the sea by the west and east branches of Hooley Creek, Eastern Creek and Four Mile Creek. The 
distribution of habitats within the tidal embayment is a succession from tidal creek – mangroves – 
samphire and bioturbated high tidal mud flat – algal mat covered high tidal flat – salt flat – hinterland 
margin at the toe of the dunes.  Mangroves occur at the river mouth and along the reaches of tidal 
creeks, forming a nearly continuous ribbon of fringing vegetation. At Hooley Creek, Eastern Creek and 
Four Mile Creek, mangroves are confined to a 10 to 20 m fringe adjacent to the creek channel.    

2.8 Environmental Receptors 
Ashburton North occurs in the transition zones from terrestrial to marine environments. For 
groundwater, the transition zones and potential receptors (Figure 2-19, after URS 2010a) occur within 
the tidal embayments and foreshore areas, including mangroves, samphire, bioturbated high tide mud 
flats, algal mat covered high tide flats, supratidal flats, salt flats and local beaches. Upstream of the 
tidal range there are clay pans and non-perennial pools that may form groundwater receptors. URS 
(2010a) defines the baseline intertidal habitats at Ashburton North.  



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

360 | Chevron Australia Pty Ltd

2 Physical Setting of the Project Area 

40 42907466/WHST-STU-WA-RPT-0090/0 

Within the intertidal zone, shallow saline and hypersaline groundwater occurs as a result of tidal 
inundation, groundwater discharge and evaporation effects associated with shallow water table 
settings. The groundwater salinity in mangrove and mud flats areas is closely linked to the relative 
influence of tidal inundation (as determined by tidal elevation and evaporation). A natural salinity 
gradient occurs across the tidal flat in response to differences in tidal inundation patterns (Semeniuk, 
1983). Mangroves in the vicinity of Ashburton North occupy the section of the intertidal gradient that is 
approximately between mean sea level (0 m AHD) and an elevation of approximately 0.7 m AHD, 
between mean high water neaps (0.4 m AHD) and mean high water springs (1.0 m AHD). Inundation 
by seawater during flood tides is the main recharge mechanism that regulates the intertidal zone; 
lower salinities occur in mangrove areas of lower elevation. The salinity gradients influence the 
occurrence of the different mangrove species (due to differing salinity tolerance), the mangrove 
community structure and zones of mangrove associations as shown on Figure 2-20 (after URS, 
2010a). 

Variations to the mangrove association occur in the eastern Ashburton River Delta where the 
presence of cheniers and dune sands may provide localised brackish to saline seepage at their 
margins and a calcareous sands substrate (Figure 2-21, after URS, 2010a). Fresh, brackish and 
saline input from flood events and groundwater seepage may locally be important in reducing salinities 
and delivering nutrients to the mangroves in this setting (Semeniuk, 1983). 

The importance of fresh and brackish water input in maintaining mangrove systems generally 
decreases with increasing aridity (Semeniuk 1983; Gordon 1988).  The intertidal mudflats in the 
chenier-mangrove association within the Ashburton River Delta are interpreted to be a typical arid 
zone mangrove system, with limited freshwater or brackish groundwater flow from the hinterland. 
Therefore, it is the tidal exchange and associated groundwater discharge function that regulates 
salinities and predominantly provides for the maintenance of the mangrove zone. 

Biota (2010) considers that none of the terrestrial vegetation units mapped at Ashburton North are 
likely to comprise ecosystems entirely dependant on groundwater, with most species sourcing their 
water requirements from the unsaturated zone of the soil profile.  
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3
Site Investigations 

Site investigations were conducted in two phases; Phase 1 and Phase 2 Environmental Drilling 
Programs.  

The objectives of the Phase 1 Environmental Drilling Program were to install groundwater monitoring 
bores for subterranean fauna sampling, provide data for preliminary conceptualisation of the baseline 
hydrogeology and provide raw data to support initial design decisions for the site infrastructure and 
water supply. The program design was predominantly framed based on easy access considerations 
together with providing an appropriate network for investigation of subterranean fauna and initial 
groundwater sampling. 

Guidelines for the sampling of subterranean fauna were obtained from:  

 Environmental Protection Authority, Draft Guideline Statement No. 54; Consideration of 
Subterranean Fauna in Groundwater and Caves during Environmental Impact Assessment in 
Western Australia, December 2003. 

 Environmental Protection Authority, Draft Guideline Statement No. 54 (No.54a); Sampling Methods 
and Survey Considerations for Subterranean Fauna in Western Australia, August 2007, Draft. 

These guidelines were used in the design of groundwater monitoring bores. 

The Phase 2 Environmental Drilling Program objectives were predominantly to expand the coverage 
areas, determine the hydraulic characteristics of the shallow groundwater systems and provide 
additional data to support assessments of the baseline groundwater environments.   

3.1 Phase 1 and Phase 2 Environmental Drilling Programs 
The Phase 1 Environmental Drilling Program was undertaken by Hagstrom Drilling between 25 March 
and 5 May 2009. The program comprised 20 drilling sites (E001 to E021, excluding EO14) at which 
the following bores were installed: 

 A dedicated subterranean fauna monitoring bore network, nominally intersecting and sampling the 
water table zone and upper 15 m of the saturated profile. 

 Varying combinations of shallow, intermediate and deep groundwater monitoring bores, with 
nominal depths of investigation of 5, 15 and 35 m. Individual shallow, intermediate and deep 
monitoring bores were screened over 2 to 5 m intervals, enabling discrete assessments of the 
groundwater environments at different depths. 

Ultimately, the program was reduced to 18 sites. Site E001 was abandoned because it was located 
outside of the approved access zone. Site E020 was drilled but not constructed because the site is 
within the tidal zone, with limited access.   

The Phase 2 Environmental Drilling Program was undertaken by Hagstrom Drilling between 5 April 
and 28 September 2009, and again between 14 and 27 October 2009 within the Shared Infrastructure 
Corridor. 

The total program comprised 33 drilling sites (E014, EO22 to E033, E034 to E048 and E052 to E056) 
at which the following groundwater activities were completed: 

 A dedicated subterranean fauna monitoring bore at EO14, nominally intersecting and sampling the 
water table zone and upper 15 m of the saturated profile. 

 At most sites varying combinations of shallow, intermediate and deep groundwater monitoring 
bores, with depths of investigation up to about 70 m.  
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 A shallow test production bore (E022), with screen interval limited to the upper 5 m of the water 
table zone beneath the dunal terrain. 

 An additional 16 sites (E034 to E045 and E053 to E056) for the construction of drive point 
piezometers, intended to host a deep and shallow standpipes, with nominal depths of 1 m and 
2.5 m. 

 An aquifer test in E022. 

3.1.1 Drilling Methods 
A diamond core rotary rig was used to undertake the drilling, with 122.6 mm (PQ) diameter drilled in 
most holes. Reaming occurred in holes with wall stability difficulties to enlarge the diameter to 160 mm 
(PWT) and enable monitoring bore construction. Core was recovered from the PQ drilling on the 
deepest bore at each site, enabling lithological and geotechnical logging and testing. All remaining 
holes on each site were drilled using mud-rotary methods and a 122.6 mm blade bit. 

3.1.2 Monitoring Bore Construction 
The completed monitoring bores (standpipe piezometers) were cased with 65 mm Class 18 uPVC. In 
the reamed drill-holes, the uPVC casing was installed within the drill-string, to limit the impacts of hole-
sidewall instability, with the drill-string subsequently being withdrawn. Slotted casing was installed at 
selected depth intervals in each monitoring bore. Subterranean fauna monitoring bores were slotted 
from 1 m below ground level (m bgl) to the bottom of the drill-hole. The groundwater monitoring bores 
have 2 to 6 m slotted casing intervals at the bottom of the drill-hole. The slotted uPVC has a horizontal 
slot pattern with a 3 mm slot aperture. 

Once cased, the annulus around the casing in each monitoring bore was gravel packed. The gravel 
comprised 6 to 10 mm graded quartz and ironstone, typically backfilling the annulus to 0.2 to 1 m 
above the slotted interval. A bentonite clay seal was subsequently placed above the gravel pack. The 
bentonite clay acts to limit the hydraulic connection between the slotted interval and adjoining 
formation groundwater. Above the bentonite clay, each monitoring bore was backfilled to the ground 
surface with drill cuttings. 

Steel risers with a lockable protective cap were installed around each standpipe at ground surface. 

A summary of the monitoring bores constructed during the programs is shown in Table 3-1 and Table 
3-2.  Bore names/numbers were determined by (in order) site name, purpose and depth. Bore purpose 
is represented by a prefixed F or G, indicating a subterranean fauna (F) or groundwater (G) monitoring 
bore. Depths are represented by S, I or D, indicating shallow (S), intermediate (I) and deep (D) 
groundwater monitoring bores. 

Locations of the completed monitoring bore sites are shown on Figure 3-1. Details of each monitoring 
bore and the associated bore construction diagrams are summarised in Appendix A. These diagrams 
include lithological logs and field records of airlift yields, measured depths to the water table and 
Electrical Conductivity (EC) data. 

3.1.3 Test Production Bore Construction 
The test production bore (E022) was drilled using mud-rotary methods and a 255 mm diameter blade 
bit to a depth of 10 m. The bore was constructed with 125 mm diameter uPVC casing, slotted between 
3 and 7 m. 



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

Chevron Australia Pty Ltd | 363

3 
Si

te
 In

ve
st

ig
at

io
ns

 

42
90

74
66

/W
HS

T-
ST

U-
W

A-
R

PT
-0

09
0/

0 
43

Ta
bl

e 
3-

1 
Ph

as
e 

1 
D

ril
lin

g 
Pr

og
ra

m
 –

 S
um

m
ar

y 
of

 M
on

ito
rin

g 
Bo

re
 C

on
st

ru
ct

io
n 

Lo
ca

tio
n 

D
at

e 
Sl

ot
te

d
C

as
in

g 
Fi

el
d

 G
ro

un
dw

at
er

 
Q

ua
lit

y 
G

ro
un

dw
at

er
 

Le
ve

l 
Si

te
N

o.
M

on
ito

rin
g

B
or

e
D

es
cr

ip
tio

n 

N
or

th
in

g
(m

N
) 

Ea
st

in
g

(m
E)

 
St

ar
te

d 
C

om
pl

et
ed

  

D
ep

th
  

D
ril

le
d

(m
) 

C
as

ed
 

 D
ep

th
 

(m
) 

D
ep

th
 

In
te

rv
al

 
(m

 b
gl

) 
Le

ng
th

(m
) 

C
ol

la
r

 H
ei

gh
t 

(m
) 

A
irl

ift
 Y

ie
ld

 
(L

/s
ec

) 

A
irl

ift
D

ur
at

io
n 

(m
in

s)
 

EC
(m

S/
cm

) 
pH

(m
 b

tc
) 

(m
 b

gl
) 

1 
E0

01
 

Si
te

 is
 b

ey
on

d 
th

e 
ap

pr
ov

ed
 a

cc
es

s 
zo

ne
. D

ril
lin

g 
ha

s 
be

en
 a

ba
nd

on
ed

.  
2 

E0
02

G
-D

 
D

ee
p 

29
1,

15
8 

7,
59

5,
09

1 
25

/0
3/

20
09

 
30

/0
3/

20
09

 
33

.1
 

33
.1

 
30

.1
 –

 3
3.

1 
3.

0 
0.

37
 

2.
0 

35
 

18
7.

6 
7.

7 
3.

86
 

3.
49

 
 

E0
02

G
-S

 
Sh

al
lo

w
 

29
1,

15
6 

7,
59

5,
09

1 
30

/0
3/

20
09

 
31

/0
3/

20
09

 
5.

0 
4.

6 
0.

6 
– 

4.
6 

4.
0 

0.
64

 
0.

3 
21

 
65

.0
 

8.
0 

2.
97

 
2.

33
 

 
E0

02
F 

Su
bt

er
ra

ne
an

 
29

1,
15

3 
7,

59
5,

08
8 

31
/0

3/
20

09
 

1/
04

/2
00

9 
15

.0
 

14
.2

 
0.

3 
-1

4.
2 

13
.9

 
0.

50
 

0.
5 

30
 

11
7.

9 
7.

8 
2.

86
 

2.
36

 
3 

E0
03

F 
Su

bt
er

ra
ne

an
 

29
1,

10
5 

7,
59

5,
51

7 
29

/0
3/

20
09

 
1/

04
/2

00
9 

20
.6

 
20

.6
 

1.
0 

– 
20

.6
 

19
.6

 
1.

06
 

0.
9 

40
 

10
1.

1 
7.

72
 

5.
44

 
4.

38
 

4 
E0

04
F 

Su
bt

er
ra

ne
an

 
29

1,
24

3 
7,

59
5,

54
0 

25
/0

3/
20

09
 

29
/0

3/
20

09
 

21
.1

 
21

.1
 

1.
0 

– 
21

.1
 

20
.1

 
0.

97
 

0.
8 

40
 

10
2.

9 
7.

65
 

6.
90

 
5.

93
 

5 
E0

05
G

-D
 

D
ee

p 
29

1,
48

2 
7,

59
6,

95
4 

1/
04

/2
00

9 
3/

04
/2

00
9 

33
.2

 
33

.2
 

29
.5

 –
 3

3.
2 

3.
7 

0.
1 

0.
7 

20
 

10
3.

0 
7.

6 
2.

83
 

2.
73

 
 

E0
05

G
-I 

In
te

rm
ed

ia
te

  
29

1,
48

4 
7,

59
6,

95
4 

4/
04

/2
00

9 
4/

04
/2

00
9 

12
.2

 
11

.9
 

10
.0

 –
 1

1.
9 

1.
9 

0.
12

 
0.

2 
15

 
96

.0
 

7.
9 

2.
3 

2.
18

 
 

E0
05

G
-S

 
Sh

al
lo

w
 

29
1,

48
4 

7,
59

6,
95

4 
5/

04
/2

00
9 

5/
04

/2
00

9 
3.

3 
3.

3 
0.

7 
– 

3.
3 

2.
6 

0.
2 

0.
1 

30
 

12
.7

 
8.

9 
2.

3 
2.

10
 

 
E0

05
F 

Su
bt

er
ra

ne
an

 
29

1,
48

2 
7,

59
6,

95
3 

5/
04

/2
00

9 
6/

04
/2

00
9 

13
.7

 
13

.7
 

1.
0 

– 
13

.7
 

12
.7

 
0.

14
 

0.
3 

40
 

83
.0

 
7.

9 
2.

25
 

2.
11

 
6 

E0
06

F 
Su

bt
er

ra
ne

an
 

29
2,

53
8 

7,
59

8,
29

6 
6/

04
/2

00
9 

7/
04

/2
00

9 
15

.3
 

15
.3

 
0.

6 
– 

15
.3

 
14

.7
 

0.
07

 
0.

5 
40

 
12

8.
8 

7.
5 

1.
17

 
1.

10
 

7 
E0

07
G

-D
 

D
ee

p 
29

2,
71

1 
7,

59
8,

61
3 

8/
04

/2
00

9 
11

/0
4/

20
09

 
32

.2
 

31
.2

 
28

.2
 –

 3
1.

2 
3.

0 
0.

1 
2.

0 
20

 
17

6.
2 

6.
87

 
2.

13
 

2.
03

 
 

E0
07

G
-I 

In
te

rm
ed

ia
te

 
29

2,
71

2 
7,

59
8,

61
3 

11
/0

4/
20

09
 

12
/0

4/
20

09
 

12
.5

 
12

.5
 

9.
5 

– 
12

.5
 

3.
0 

0.
09

 
0.

7 
40

 
13

5 
7.

5 
1.

68
 

1.
59

 
 

E0
07

G
-S

 
Sh

al
lo

w
 

29
2,

71
2 

7,
59

8,
61

1 
12

/0
4/

20
09

 
12

/0
4/

20
09

 
4.

5 
4.

5 
2.

5 
– 

4.
5 

2.
0 

0.
1 

0.
9 

20
 

73
.1

 
7.

65
 

1.
73

 
1.

63
 

 
E0

07
F 

Su
bt

er
ra

ne
an

 
29

2,
71

6 
7,

59
8,

61
2 

13
/0

4/
20

09
 

13
/0

4/
20

09
 

18
.5

 
18

.5
 

1.
0 

– 
18

.5
 

17
.5

 
0.

05
 

1.
0 

45
 

13
5.

9 
7.

71
 

1.
67

 
1.

62
 

8 
E0

08
F 

Su
bt

er
ra

ne
an

 
29

3,
24

3 
7,

59
9,

46
0 

18
/0

4/
20

09
 

19
/0

4/
20

09
 

16
.0

 
16

.0
 

0.
5 

– 
16

.0
 

15
.5

 
0.

05
 

1.
0 

40
 

12
4.

4 
7.

37
 

5.
07

 
5.

02
 

9 
E0

09
F 

Su
bt

er
ra

ne
an

 
24

3,
25

6 
7,

59
9,

39
8 

19
/0

4/
20

09
 

20
/0

4/
20

09
 

16
.0

 
16

.0
 

0.
5 

– 
16

.0
 

15
.5

 
0.

09
 

1.
5 

45
 

12
8.

8 
7.

44
 

4.
75

 
4.

66
 

10
 

E0
10

G
-I 

In
te

rm
ed

ia
te

 
29

3,
46

2 
7,

59
9,

68
4 

14
/0

4/
20

09
 

16
/0

4/
20

09
 

20
.0

 
19

.5
 

17
.5

 –
 1

9.
5 

2.
0 

-0
.2

5 
3.

0 
30

 
na

 
6.

98
 

1.
98

 
2.

23
 

 
E0

10
G

-S
 

Sh
al

lo
w

 
29

3,
46

3 
7,

59
9,

68
3 

17
/0

4/
20

09
 

17
/0

4/
20

09
 

5.
0 

5.
0 

3.
0 

– 
5.

0 
2.

0 
0.

11
 

0.
5 

30
 

90
.8

 
7.

1 
2.

05
 

1.
94

 
 

E0
10

F 
Su

bt
er

ra
ne

an
 

29
3,

46
5 

7,
59

9,
68

2 
17

/0
4/

20
09

 
18

/0
4/

20
09

 
20

.0
 

20
.0

 
0.

5 
– 

20
.0

 
19

.5
 

0.
09

 
1.

5 
40

 
12

4 
7.

27
 

2.
08

 
1.

99
 

11
 

E0
11

F 
Su

bt
er

ra
ne

an
 

29
4,

12
3 

7,
60

0,
69

2 
12

/0
4/

20
09

 
14

/0
4/

20
09

 
18

.0
 

17
.5

 
0.

4 
– 

17
.5

 
17

.1
 

0.
6 

1.
6 

30
 

77
.3

 
7.

85
 

1.
46

 
0.

86
 

12
 

E0
12

F 
Su

bt
er

ra
ne

an
 

29
4,

95
8 

7,
60

0,
44

5 
21

/0
4/

20
09

 
22

/0
4/

20
09

 
16

.6
 

16
.6

 
1.

3 
– 

16
.6

 
15

.3
 

0 
1.

7 
40

 
11

1.
7 

7.
32

 
0.

79
 

0.
79

 
13

 
E0

13
F 

Su
bt

er
ra

ne
an

 
29

5,
01

4 
7,

60
0,

69
2 

10
/0

4/
20

09
 

11
/0

4/
20

09
 

19
.5

 
19

.5
 

0.
7 

– 
19

.5
 

18
.8

 
0.

14
 

1.
2 

28
 

91
.6

 
7.

7 
1.

14
 

1.
00

 
14

 
E0

14
 

D
ril

lin
g 

of
 th

is
 s

ite
 h

as
 n

ow
 b

ee
n 

in
co

rp
or

at
ed

 w
ith

in
 th

e 
Ph

as
e 

2 
En

vi
ro

nm
en

ta
l D

ril
lin

g 
Pr

og
ra

m
.  

15
 

E0
15

F 
Su

bt
er

ra
ne

an
 

29
0,

89
4 

7,
59

6,
34

7 
8/

04
/2

00
9 

9/
04

/2
00

9 
20

.0
 

17
.5

 
0.

6 
– 

17
.5

 
16

.9
 

0.
52

 
0.

5 
45

 
10

4.
2 

7.
7 

4.
36

 
3.

84
 

16
 

E0
16

G
-D

 
D

ee
p 

29
0,

31
3 

7,
59

6,
33

5 
3/

04
/2

00
9 

6/
04

/2
00

9 
33

.0
 

33
.0

 
30

.0
 –

 3
3.

0 
3.

0 
0.

09
 

2.
5 

25
 

15
5.

9 
7.

3 
3.

78
 

3.
69

 
 

E0
16

G
-S

 
Sh

al
lo

w
 

29
0,

31
3 

7,
59

6,
33

5 
6/

04
/2

00
9 

6/
04

/2
00

9 
5.

0 
5.

0 
1.

0 
- 5

.0
 

4.
0 

0.
01

 
 n

a 
  

44
.0

 
8.

1 
3.

11
 

3.
10

 
 

E0
16

F 
Su

bt
er

ra
ne

an
 

29
0,

31
3 

7,
59

6,
33

0 
6/

04
/2

00
9 

7/
04

/2
00

9 
15

.0
 

15
.0

 
0.

6 
– 

15
.0

 
14

.4
 

0.
06

 
0.

1 
25

 
96

.3
 

7.
8 

3.
17

 
3.

11
 

17
 

E0
17

F 
Su

bt
er

ra
ne

an
 

29
0,

02
2 

7,
59

6,
32

4 
1/

04
/2

00
9 

3/
04

/2
00

9 
20

.0
 

18
.6

 
14

.7
 –

 1
8.

6 
3.

9 
0.

8 
2.

0 
45

 
10

7.
8 

7.
5 

1.
87

 
1.

07
 

18
 

E0
18

G
-D

 
D

ee
p 

29
3,

92
0 

7,
60

0,
28

7 
14

/0
4/

20
09

 
17

/0
4/

20
09

 
34

.0
 

32
.0

 
29

.0
 –

 3
2.

0 
3.

0 
0.

35
 

2.
5 

10
 

 n
a 

7.
03

 
2.

66
 

2.
31

 
 

E0
18

G
-I 

In
te

rm
ed

ia
te

 
29

3,
92

6 
7,

60
0,

28
8 

17
/0

4/
20

09
 

18
/0

4/
20

09
 

18
.5

 
18

.5
 

15
.5

 –
 1

8.
5 

3.
0 

0.
33

 
1.

0 
20

 
10

1.
8 

7.
31

 
2.

18
 

1.
85

 
 

E0
18

G
-S

 
Sh

al
lo

w
 

29
3,

92
5 

7,
60

0,
29

2 
19

/0
4/

20
09

 
19

/0
4/

20
09

 
7.

5 
7.

5 
1.

5 
– 

7.
5 

6.
0 

0.
45

 
0.

5 
20

 
61

.3
 

7.
2 

1.
95

 
1.

50
 

 
E0

18
F 

Su
bt

er
ra

ne
an

 
29

3,
91

7 
7,

60
0,

30
0 

19
/0

4/
20

09
 

20
/0

4/
20

09
 

15
.0

 
14

.5
 

1.
0 

– 
14

.5
 

13
.5

 
0.

23
 

0.
5 

10
 

25
.1

 
7.

58
 

1.
8 

1.
57

 
19

 
E0

19
G

-D
 

D
ee

p 
29

3,
68

5 
7,

60
0,

75
4 

29
/0

4/
20

09
 

3/
05

/2
00

9 
34

.0
 

33
.5

 
30

.5
 –

 3
3.

5 
3.

0 
0.

66
 

2
35

16
1.

9
6.

36
2.

73
2.

07
 

E0
19

G
-S

 
Sh

al
lo

w
 

29
3,

68
8 

7,
60

0,
75

3 
4/

05
/2

00
9 

4/
05

/2
00

9 
5.

5 
5.

5 
1.

0 
– 

5.
5 

4.
5 

0.
6 

0.
5

40
34

.5
7.

42
1.

64
1.

04
 

E0
19

F 
Su

bt
er

ra
ne

an
 

29
3,

69
1 

7,
60

0,
75

3 
4/

05
/2

00
9 

5/
05

/2
00

9 
15

.5
 

15
.0

 
0.

5 
– 

15
.0

 
14

.5
 

0.
59

 
0.

5
15

97
.5

6.
97

1.
71

1.
12

20
 

E0
20

 
Th

is
 s

ite
 w

as
 d

ril
le

d 
bu

t n
ot

 c
on

st
ru

ct
ed

. S
ite

 is
 w

ith
in

 th
e 

tid
al

 z
on

e,
 w

ith
 li

m
ite

d 
ac

ce
ss

. 
21

 
E0

21
F 

Su
bt

er
ra

ne
an

 
29

3,
98

4 
7,

60
0,

70
7 

20
/0

4/
20

09
 

21
/0

4/
20

09
 

15
.0

 
14

.0
 

0.
0 

– 
14

.0
 

14
.0

 
0.

74
 

1.
0 

43
 

85
.5

 
7.

85
 

1.
74

 
1.

00
 



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

364 | Chevron Australia Pty Ltd

3 
Si

te
 In

ve
st

ig
at

io
ns

 

44
42

90
74

66
/W

HS
T-

ST
U-

W
A-

R
PT

-0
09

0/
0 

Ta
bl

e 
3-

2 
Ph

as
e 

2 
D

ril
lin

g 
Pr

og
ra

m
 –

 S
um

m
ar

y 
of

 M
on

ito
rin

g 
Bo

re
 C

on
st

ru
ct

io
n 

Lo
ca

tio
n 

D
at

e 
Sl

ot
te

d 
C

as
in

g 
Fi

el
d 

G
ro

un
dw

at
er

 
Q

ua
lit

y 
St

at
ic

G
ro

un
dw

at
er

 
Le

ve
l 

Si
te

 N
o.

 
M

on
ito

rin
g 

B
or

e
D

es
cr

ip
tio

n 
N

or
th

in
g

(m
N

)
Ea

st
in

g 
(m

E)
St

ar
te

d 
C

om
pl

et
ed

 

D
ep

th
 

D
ril

le
d

(m
)

C
as

ed
 

D
ep

th
(m

)
D

ep
th

 In
te

rv
al

 
(m

)
Le

ng
th

(m
)

C
ol

la
r

H
ei

gh
t

(m
)

Ai
rli

ft 
Yi

el
d

(L
/s

ec
) 

Ai
rli

ft 
D

ur
at

io
n 

(m
in

s)
EC

(m
S/

cm
)

pH
(m

 b
tc

) 
(m

 b
gl

) 
E0

14
F 

Su
bt

er
ra

ne
an

 
29

1,
02

4.
13

 
7,

59
9,

36
2.

53
 

23
/0

5/
20

09
 

24
/0

5/
20

09
 

15
.5

 
15

.0
 

1.
0 

- 1
5.

0 
14

.0
 

0.
09

 
0.

5 
40

 
10

5.
6 

7.
47

 
3.

19
 

2.
64

 
E0

14
G

-I 
In

te
rm

ed
ia

te
 

29
1,

02
3.

87
 

7,
59

9,
36

0.
48

 
24

/0
5/

20
09

 
25

/0
5/

20
09

 
15

.5
 

15
.0

 
12

.0
 - 

15
.0

 
3.

0 
0.

11
 

1 
20

 
10

7.
5 

7.
28

 
3.

20
 

2.
62

 
14

E0
14

G
-S

 
Sh

al
lo

w 
29

1,
02

3.
67

 
7,

59
9,

35
8.

53
 

26
/0

5/
20

09
 

26
/0

5/
20

09
 

7.
0 

7.
0 

1.
0 

- 7
.0

 
6.

0 
0.

95
 

0.
2 

80
 

67
.6

 
7.

89
 

3.
20

 
2.

61
 

22
 

EO
22

 
Sh

al
lo

w 
29

3,
46

4 
7,

59
9,

69
0 

16
/0

9/
20

09
 

16
/0

9/
20

09
 

10
 

10
 

3.
0-

7.
0 

4 
0.

47
 

2 
30

 
11

1 
7.

45
 

2.
93

 
2.

46
 

E0
23

FG
-D

 
D

ee
p 

29
2,

46
3.

25
 

7,
60

0,
53

5.
22

 
27

/0
5/

20
09

 
29

/0
5/

20
09

 
34

.0
 

34
.0

 
31

.0
 - 

34
.0

 
3.

0 
0.

14
 

2.
5 

20
 

16
2.

7 
7.

01
 

5 
4.

86
 

E0
23

FG
-S

 
Sh

al
lo

w 
re

m
ov

ed
 

29
/0

5/
20

09
 

30
/0

5/
20

09
 

5.
0 

5.
0 

0.
5 

- 5
.0

 
4.

5 
0.

15
 

D
ry

 
N

/A
 

N
/A

 
N

/A
 

N
/A

 
N

/A
 

23
E0

23
FG

-S
 

Sh
al

lo
w 

29
2,

46
5.

73
 

7,
60

0,
53

8.
44

 
18

/0
6/

20
09

 
18

/0
6/

20
09

 
6.

2 
6.

2 
0.

7 
- 6

.2
 

5.
5 

0.
66

 
0.

06
 

70
 

33
.4

 
8.

2 
4.

54
 

3.
88

 
E0

24
FG

-I 
In

te
rm

ed
ia

te
 

29
1,

59
0.

03
 

7,
59

9,
72

1.
78

 
26

/0
5/

20
09

 
27

/0
5/

20
09

 
15

.0
 

8.
0 

6.
0 

- 8
.0

 
2.

0 
0.

18
 

1.
5 

20
 

73
.8

 
7.

7 
2.

13
 

1.
95

 
24

E0
24

FG
-S

 
Sh

al
lo

w 
29

1,
59

1.
54

 
7,

59
9,

72
3.

82
 

27
/0

5/
20

09
 

27
/0

5/
20

09
 

5.
0 

5.
0 

4.
0 

- 5
.0

 
1.

0 
0.

26
 

0.
1 

30
 

10
1.

2 
8.

18
 

2.
19

 
1.

93
 

E0
25

FG
-D

 
In

te
rm

ed
ia

te
/D

ee
p 

29
1,

79
7.

16
 

7,
60

0,
22

2.
21

 
5/

04
/2

00
9 

6/
04

/2
00

9 
13

.5
 

13
.5

 
10

.5
 - 

13
.5

 
3.

0 
0.

21
 

2 
20

 
72

.7
 

7.
16

 
7.

43
 

6.
70

 
E0

25
FG

-I 
In

te
rm

ed
ia

te
  

29
1,

79
7.

82
 

7,
60

0,
22

1.
84

 
7/

06
/2

00
9 

7/
06

/2
00

9 
9.

0 
9.

0 
6.

0 
- 9

.0
 

3.
0 

0.
18

 
0.

06
 

30
 

6.
4 

8.
58

 
7.

31
 

6.
65

 
25

E0
25

FG
-S

 
Sh

al
lo

w 
29

1,
79

9.
17

 
7,

60
0,

22
1.

06
 

7/
06

/2
00

9 
7/

06
/2

00
9 

5.
0 

5.
0 

4.
0 

- 5
.0

 
1.

0 
0.

1 
0 

20
 

N
/A

 
N

/A
 

D
ry

 
N

/A
 

E0
26

FG
-D

 
D

ee
p 

29
2,

03
2.

47
 

7,
59

9,
73

1.
04

 
8/

06
/2

00
9 

17
/0

6/
20

09
 

34
.5

 
34

.5
 

31
.5

 - 
34

.5
 

3.
0 

0.
09

 
0.

9 
15

 
16

9.
6 

6.
89

 
5.

09
 

5.
00

 
26

E0
26

FG
-S

 
Sh

al
lo

w 
29

2,
03

0.
31

 
7,

59
9,

73
1.

38
 

17
/0

6/
20

09
 

17
/0

6/
20

09
 

7.
5 

7.
5 

1.
5 

- 7
.5

 
6.

0 
0.

25
 

0.
1 

45
 

42
.8

 
7.

72
 

4.
30

 
4.

05
 

E0
27

FG
-I 

In
te

rm
ed

ia
te

 
29

3,
13

1.
63

 
7,

59
8,

67
8.

91
 

12
/0

5/
20

09
 

13
/0

5/
20

09
 

18
.0

 
18

.0
 

16
.0

 - 
18

.0
 

2.
0 

0.
16

 
0.

5 
45

 
19

8.
5 

6.
65

 
2.

06
 

1.
90

 
E0

27
FG

-S
 

Sh
al

lo
w 

29
3,

13
3.

91
 

7,
59

8,
67

7.
49

 
13

/0
5/

20
09

 
13

/0
5/

20
09

 
6.

0 
6.

0 
5.

5 
- 6

.0
 

0.
5 

0.
1 

0.
3 

45
 

17
2.

4 
7.

39
 

1.
79

 
1.

69
 

27
E0

27
FG

-D
 

D
ee

p 
29

3,
13

5.
82

 
7,

59
8,

67
6.

44
 

14
/0

5/
20

09
 

17
/0

5/
20

09
 

40
.5

 
40

.0
 

37
.0

 - 
40

.0
 

3.
0 

0.
91

 
2 

30
 

25
0 

7.
21

 
3.

13
 

2.
22

 
E0

28
G

-I 
 In

te
rm

ed
ia

te
 

29
0,

04
5 

7,
59

5,
65

7 
4/

08
/2

00
9 

5/
08

/2
00

9 
15

.0
 

15
.0

 
12

.0
 - 

15
.0

 
3.

0 
0.

14
 

0.
83

 
33

 
72

.0
 

6.
80

 
3.

13
 

2.
99

 
28

E0
28

G
-S

 
Sh

al
lo

w 
 

29
0,

04
2 

7,
59

5,
64

7 
5/

08
/0

9 
 

5/
08

/2
00

9 
 

8.
0 

8.
0 

 
2.

0 
– 

8.
0 

 
6.

0 
0.

58
 

0.
2 

26
 

60
.1

 
7.

33
 

3.
35

 
2.

77
 

EO
29

G
-D

 
D

ee
p 

29
0,

73
4 

7,
59

7,
19

1 
26

/0
6/

20
09

 
28

/0
6/

20
09

 
30

.0
 

30
.0

 
27

.0
 - 

30
.0

 
3.

0 
0.

54
 

0.
3 

65
 

11
2.

5 
6.

73
 

2.
18

 
1.

64
 

EO
29

G
-S

 
Sh

al
lo

w 
29

0,
73

6 
7,

59
7,

18
9 

28
/0

6/
20

09
 

4/
07

/2
00

9 
6.

0 
6.

0 
0.

5 
- 6

.0
 

5.
5 

0.
65

 
0.

3 
90

 
93

.8
 

6.
88

 
2.

04
 

1.
39

 
29

EO
29

G
-I 

In
te

rm
ed

ia
te

 
29

0,
73

6 
7,

59
7,

18
8 

4/
07

/2
00

9 
5/

07
/2

00
9 

16
.3

 
16

.0
 

13
.0

 - 
16

.0
 

3.
0 

0.
63

 
0.

2 
64

 
79

.8
 

6.
77

 
2.

29
 

1.
66

 
EO

30
G

-D
 

D
ee

p 
 

29
2,

20
9 

7,
59

6,
33

6 
12

/0
7/

20
09

 
14

/0
7/

20
09

 
33

.1
 

33
.1

 
30

.6
 - 

33
.6

 
3.

0 
0.

72
 

0.
3 

23
 

17
1.

1 
6.

78
 

9.
2 

8.
35

 
EO

30
G

-I 
In

te
rm

ed
ia

te
 

29
2,

21
0 

7,
59

6,
33

7 
14

/0
7/

20
09

 
14

/0
7/

20
09

 
12

.2
 

12
.2

 
9.

8 
- 1

2.
8 

3.
0 

0.
81

5 
0.

2 
43

 
90

.1
 

7.
17

 
8.

54
 

7.
77

 
30

EO
30

G
-S

 
Sh

al
lo

w 
29

2,
21

1 
7,

59
6,

33
8 

14
/0

7/
20

09
 

14
/0

7/
20

09
 

5.
2 

5.
2 

1.
9 

- 5
.9

 
4.

0 
0.

95
5 

D
ry

 
N

/A
 

N
/A

 
N

/A
 

D
ry

 
N

/A
 

E0
31

FG
-D

 
D

ee
p 

29
2,

85
6 

7,
59

7,
52

5 
15

/0
7/

20
09

 
20

/0
7/

20
09

 
67

.5
 

67
.5

 
55

.5
 - 

67
.5

 
12

.0
 

0.
92

 
2 

15
 

11
7.

3 
7.

04
 

2.
50

 
1.

58
 

31
E0

31
FG

-S
 

Sh
al

lo
w 

29
2,

85
5 

7,
59

7,
52

5 
20

/0
7/

20
09

 
20

/0
7/

20
09

 
7.

5 
7.

5 
1.

5 
- 7

.5
 

6.
0 

0.
89

 
0.

1 
45

 
44

.8
 

7.
72

 
2.

95
 

2.
06

 
E0

32
FG

-D
 

D
ee

p 
29

4,
58

2.
72

 
7,

60
0,

42
5.

02
 

7/
05

/2
00

9 
9/

05
/2

00
9 

21
.0

 
21

.0
 

19
.0

 - 
21

.0
 

2.
0 

0.
16

 
0.

3 
45

 
13

9.
9 

7.
54

 
2.

18
 

2.
02

 
E0

32
FG

-I 
In

te
rm

ed
ia

te
 

29
4,

58
3.

17
 

7,
60

0,
42

2.
32

 
9/

05
/2

00
9 

10
/0

5/
20

09
 

7.
2 

7.
0 

6.
5 

- 7
.0

 
0.

5 
0.

2 
0.

3 
40

 
77

.4
 

7.
58

 
1.

93
 

1.
73

 
32

E0
32

FG
-S

 
Sh

al
lo

w 
29

4,
58

3.
64

 
7,

60
0,

42
0.

11
 

11
/0

5/
20

09
 

11
/0

5/
20

09
 

4.
0 

4.
0 

0.
5 

- 4
.0

 
3.

5 
0.

19
 

0.
2 

40
 

52
.5

 
8.

25
 

1.
75

 
1.

56
 

E0
33

FG
-D

 
D

ee
p 

29
3,

16
9.

25
 

7,
60

0,
36

3.
76

 
17

/0
5/

20
09

 
21

/0
5/

20
09

 
41

.0
 

40
.0

 
37

.0
 - 

40
.0

 
3.

0 
0.

15
 

2 
10

 
17

5.
5 

7.
21

 
3.

04
 

2.
89

 
E0

33
FG

-I 
In

te
rm

ed
ia

te
 

29
3,

16
9.

00
 

7,
60

0,
36

1.
71

 
21

/0
5/

20
09

 
21

/0
5/

20
09

 
18

.0
 

14
.0

 
11

.0
 - 

14
.0

 
3.

0 
0.

14
 

2 
25

 
92

 
7.

26
 

2.
13

 
1.

99
 

33
E0

33
FG

-S
 

Sh
al

lo
w 

29
3,

16
8.

66
 

7,
60

0,
35

9.
65

 
22

/0
5/

20
09

 
23

/0
5/

20
09

 
7.

0 
6.

5 
1.

0 
- 6

.5
 

5.
5 

0.
08

 
0.

2 
45

 
13

.6
3 

7.
66

 
2.

73
 

1.
94

 
E0

46
FG

-I 
in

te
rm

ed
ia

te
/a

qu
ita

rd
 

29
3,

19
9 

7,
59

3,
72

3 
14

/1
0/

20
09

 
17

/1
0/

20
09

 
14

.2
 

14
.2

 
11

.2
-1

4.
2 

3 
0.

66
 

0.
5 

15
 

77
.1

 
7.

26
 

2.
98

 
2.

32
 

46
E0

46
FG

-S
 

sh
al

lo
w 

29
3,

20
1 

7,
59

3,
72

0 
17

/1
0/

20
09

 
17

/1
0/

20
09

 
6 

6 
1.

0-
6.

0 
5 

0.
65

 
0.

25
 

37
 

83
.5

 
7.

54
 

2.
73

 
2.

08
 

E0
47

FG
-D

 
D

ee
p 

29
4,

20
9 

7,
59

2,
31

3 
18

/1
0/

20
09

 
22

/1
0/

20
09

 
57

 
56

 
44

.0
-5

6.
0 

12
 

0.
71

 
0.

5 
15

 
78

 
7.

5 
2.

72
 

2.
01

 
E0

47
FG

-I 
In

te
rm

ed
ia

te
 

29
4,

20
9 

7,
59

2,
31

1 
22

/1
0/

20
09

 
22

/1
0/

20
09

 
13

 
12

 
9.

0-
12

.0
 

3 
0.

73
 

0.
25

 
15

 
12

6.
5 

7.
19

 
2.

11
 

1.
38

 
47

E0
47

FG
-S

 
Sh

al
lo

w 
29

4,
20

9 
7,

59
2,

30
9 

23
/1

0/
20

09
 

23
/1

0/
20

09
 

6.
2 

6 
1.

0-
6.

0 
5 

0.
79

 
0.

2 
20

 
57

.9
 

7.
96

 
2.

03
 

1.
24

 
E0

48
FG

-I 
in

te
rm

ed
ia

te
 

29
6,

27
4 

7,
59

1,
59

9 
23

/1
0/

20
09

 
26

/1
0/

20
09

 
15

 
13

 
10

.0
-1

3.
0 

3 
0.

80
 

2 
15

 
91

.2
 

7.
37

 
3.

64
 

2.
84

 
48

E0
48

FG
-S

 
sh

al
lo

w 
29

6,
27

4 
7,

59
1,

59
8 

27
/1

0/
20

09
 

27
/1

0/
20

09
 

6 
6 

1.
0-

6.
0 

5 
0.

79
 

0.
1 

25
 

50
.7

 
7.

67
 

4.
17

 
3.

38
 

49
D

ril
lin

g 
of

 th
is

 s
ite

 h
as

 b
ee

n 
po

st
po

ne
d 

un
til 

he
rit

ag
e 

cl
ea

ra
nc

e 
in

 p
ro

po
se

d 
Ac

co
m

m
od

at
io

n 
Vi

lla
ge

 a
re

a 
is

 o
bt

ai
ne

d 
50

D
ril

lin
g 

of
 th

is
 s

ite
 h

as
 b

ee
n 

po
st

po
ne

d 
un

til 
he

rit
ag

e 
cl

ea
ra

nc
e 

in
 p

ro
po

se
d 

Ac
co

m
m

od
at

io
n 

Vi
lla

ge
 a

re
a 

is
 o

bt
ai

ne
d 

51
D

ril
lin

g 
of

 th
is

 s
ite

 h
as

 b
ee

n 
po

st
po

ne
d 

un
til 

he
rit

ag
e 

cl
ea

ra
nc

e 
in

 p
ro

po
se

d 
Ac

co
m

m
od

at
io

n 
Vi

lla
ge

 a
re

a 
is

 o
bt

ai
ne

d 
E0

52
FG

-D
 

D
ee

p 
30

0,
28

5 
7,

59
0,

24
5 

23
/1

0/
20

09
 

27
/1

0/
20

09
 

36
 

35
 

32
.0

-3
5.

0 
3 

0.
75

 
0.

4 
15

 
17

5.
7 

7.
13

 
2.

87
 

2.
12

 
52

E0
52

FG
-S

 
Sh

al
lo

w 
30

0,
29

0 
7,

59
0,

24
4 

27
/1

0/
20

09
 

27
/1

0/
20

09
 

5 
5 

1.
0-

5.
0 

4 
0.

69
 

0.
25

 
25

 
92

.8
 

7.
27

 
1.

91
 

1.
22

 



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

Chevron Australia Pty Ltd | 365

3 Site Investigations 

42907466/WHST-STU-WA-RPT-0090/0 45

3.1.4 Monitoring Bore Development 
Each monitoring bore was developed by airlifting. The airlifting displaces the water column in the 
monitoring bore using compressed air, promoting groundwater flow into the standpipe and subsequent 
removal of drilling fluids and sediment. Airlift development times ranged from 10 to 80 minutes, 
depending on the drilling fluid and sediment contents of the abstracted groundwater. 

Groundwater yields, EC and pH measurements were taken at five minute intervals during 
development. A groundwater sample was collected at the completion of airlift development. Each 
sample was submitted to ALS Laboratory Group for analysis. 

3.1.5 Drive Point Piezometer Construction 
Solinst Model 615 Drive Point Piezometers (Chart 3-1) were used to investigate and sample shallow 
groundwater profiles. Model 615 is comprised of a stainless steel cylindrical screen housed within a 20 
mm diameter stainless steel drive point body. The leading edge of the drive point body hosts a solid 
drive point. Individual drive point piezometers were installed using a heavy-wall slide hammer.  

Chart 3-1 Solinst Model 615 Drive Point Piezometer (Solinst, 2006) 
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Twenty-seven (27) drive point piezometers were constructed at 16 sites. A summary of the drive point 
piezometers constructed during the program is shown in Table 3-3.  Typically, the drive point 
piezometer construction at individual sites included: 

 Shallow (approximately 0.50 m). 
 Deep (approximately 2 m).

Bore names are depicted by (in order) site name, purpose and depth. The prefix G indicates a 
groundwater monitoring bore. Depths are represented by S or D, indicating shallow and deep settings. 
Locations of the drive point piezometer sites are shown on Figure 3-2. 

Information on each drive point piezometer and the associated construction diagrams are summarised 
in Appendix B. 

3.2 Hydrogeological Data Collection 
The constructed monitoring bores, test production bore and drive point piezometers have been used 
to source hydrogeological data, including: 

 Groundwater levels. 
 Hydraulic characteristics, through pumping tests and slug tests. 
 Groundwater quality, through EC profiles, sampling and analysis. 

Groundwater levels have been measured in each of the monitoring bores and drive point piezometers 
using an electronic water level meter. 

EC profiles were completed in the monitoring bores, including those for subterranean fauna 
monitoring, using an in situ ‘Aquatroll’ logger. 

3.2.1 Aquifer Tests 
Following bore completion, aquifer tests were completed in most of the monitoring bores and drive 
point piezometers to enable interpretations of local hydrogeological parameters.  

Pumping Tests 
Short-term constant-rate pumping tests were conducted in the shallow, intermediate and deep 
monitoring bores using a 12-volt Hurricane submersible pump. Pumping tests involved the abstraction 
of groundwater from individual bores at a constant discharge rate, with the change in hydraulic head 
monitored using an automated data logger recording the groundwater level at 2 second intervals. The 
discharge rates during the tests were typically between 0.05 and 0.1 L/s. 

The monitoring bore pumping tests are summarised in Table 3-4 and locations are shown on Figure 3-
3. Additional pumping test records are provided in Appendix C. 
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Table 3-4 Summary of Monitoring Bore Aquifer Tests 

Monitoring 
Bore  

Screened Unit Screen 
Length 

(m)

Test 
Duration 
(mins) 

Groundwater 
Level 

 (m bgl) 

Discharge 
Rate 
(L/s) 

Maximum
Drawdown 

(m)
Superficial Formations - Dune Sands 

E005G-S Gravelly Sand, Calcareous Sandstone 2.6 23 2.43 0.08 0.40 
E007G-S Sandstone and Silty Sand 2.0 6 2.31 0.07 0.02 
E010G-S Sandstone and Sand 2.0 24 2.24 0.1 0.35 
E016G-S Silty and Gravelly Clay and Sandstone  4.0 43 3.34 0.1 0.20 
E019G-S Sandstone/Sand/Clayey Sand 4.5 20 1.06 0.09 0.20 
E019G-S Sandstone/Sand/Clayey Sand 4.5 20 0.81 0.1 0.33 
E014G-S Gravel and Sand, clay horizons 6.0 16.2 2.57 0.1 0.20 

E023FG-S Sand 5.5 20.6 3.91 0.1 0.43 
E026G-S Sand 6.0 20.2 4.07 0.1 0.32 

E027FG-S Interbedded Sand and Clayey Sand 0.5 21.7 1.90 0.1 0.75 
E029G-S Sand and Clayey Sand  5.5 23.9 1.41 0.1 0.32 
E031G-S Sand and Gravel 6.0 21.5 2.09 0.1 0.26 

E032FG-S Sand 3.5 29.4 1.67 0.1 0.40 
Superficial Formations - Ashburton River Delta Alluvium   

E007G-I Sandy Gravel and Clayey Sand 3.0 30 1.75 0.08 0.70 
E010G-I Silty Sand and Paleochannel Deposits 2.0 20 2.29 0.1 0.20 
E018G-I Silty Clay, Silty Sand and Claystone 3.0 48 2.10 0.1 0.80 
E014G-I Clay and Claystone, some sandstone 3.0 18 2.58 0.1 0.45 

E024FG-S Sandy Clay and Gravelly Clay 1.0 21.6 2.03 0.1 NA 
E024FG-I Sandy Clay 2.0 18.6 2.04 0.1 NA 
E025FG-I Calcarenite 3.0 2.8 6.67 0.1 0.99 
E025FG-D Sand, with Palaeochannel Deposits 3.0 22.6 6.73 0.1 0.17 
E027FG-I Clay and Sandstone 2.0 27.8 2.00 0.1 3.90 
E028G-S Sandy Clay and Gravelly Clay 6.0 10.4 3.32 0.1 0.90 
E028G-I Sandy Clay and Clay 3.0 105.8 2.98 0.1 NA 
E029G-I Sandstone 3.0 24.1 1.30 0.1 1.40 
E030G-I Silty Sand and Sand 3.0 21.2 7.75 0.1 0.20 

E032FG-I Sand 0.5 21.5 1.83 0.1 0.80 
E032FG-D Sandstone and Clayey Sand 2.0 18.6 2.03 0.1 2.30 
E033FG-S Clay, Sand and Oolitic Limestone 5.5 25.6 1.86 0.1 0.55 
E033FG-I Mostly Sand with some Clay 3.0 22 2.14 0.1 0.03 
E046FG-S Silty Sand and Clayey Sand 5.0 25 2.13 0.1 1.12 
E046FG-I Calcarenite 3.0 50 2.43 0.1 1.26 
E047FG-S Mainly Clay Some Sand 5.0 52 1.24 0.1 1.44 
E047FG-I Sandy Clay and Clay 3.0 51.67 1.17 0.1 1.52 
E048FG-S Silty Clayey Sand and Calcarenite 5.0 72 2.44 0.1 0.88 
E048FG-I Sand 3.0 72 2.43 0.1 0.09 
E052FG-S Clayey Silty Sand and Silty Clayey Sand 4.0 27 1.17 0.1 0.56 

Superficial Formations - Ashburton River Delta Clay
E005G-I Clay (aquitard) 1.9 14 2.56 0.1 2.20 

Trealla Limestone 
E002G-D Limestone, vuggy 3.0 16 3.794 0.2 0.87 
E005G-D Limestone, 3.7 20 3.08 0.13 2.00 
E007G-D Limestone, with cavities 3.0 70 2.12 0.08 0.10 
E016G-D Limestone 3.0 246 3.63 0.07 0.45 
E018G-D Clay then Limestone 3.0 56 2.69 0.09 0.25 
E019G-D Limestone, very weathered 3.0 105 2.12 0.1 0.04 
E019G-D Limestone 3.0 30.4 1.68 0.1 0.09 

E023FG-D Limestone and Limestone Breccia, 3.0 28.6 5.12 0.1 0.15 
E026G-D Limestone 3.0 29.5 5 0.1 0.44 

E027FG-D Limestone and Conglomerate 3.0 31.6 2.63 0.1 4.80 
E029G-D Limestone 3.0 43 1.47 0.1 2.20 
E030G-D Sand and Limestone 3.0 21 8.07 0.1 2.10 
E031G-D Mainly Limestone and some Silty Sand 12.0 62.7 1.35 0.1 3.60 

E033FG-D Mainly Limestone, some Breccia sandstone 3.0 39.4 3.01 0.1 0.90 
E047FG-D Limestone, Calcarenite and Silty Clay 12.0 50.3 2.01 0.1 6.52 
E052FG-D Limestone 3.0 64.6 1.96 0.1 0.32 
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48 Hour Pumping Test in Test Production Bore E022 
Aquifer testing was completed in E022 from 18 to 22 September 2009. Details of the aquifer testing 
program are shown in Table 3–5. The testing was designed to determine bore characteristics and 
estimate the aquifer parameters of the dune sands. An electro-submersible pump powered by a 
portable generator was used to abstract groundwater from the test production bore. During pumping, 
discharge rates were controlled with a valve and measured using a flowmeter.  Abstracted 
groundwater was directed, using a lay-flat pipeline, to a point approximately 500 m east of E022. 

Two types of tests were completed in the bore. The first, a step-drawdown test, comprised three 
discharge rate steps, each of 30 minutes duration, that were used to determine the efficiency of the 
test production bore and the most suitable discharge rate for the subsequent constant-rate aquifer 
test.  The discharge rates for the step-drawdown test ranged from 0.4 to 1.25 L/s. Subsequently, a 48-
hour constant-rate aquifer test was conducted at a flow rate of 1.0 L/s. Groundwater level 
measurements during the aquifer test enabled aquifer parameters to be interpreted by defining the 
groundwater-level response to pumping. Groundwater levels were measured in E022 and the nearest 
monitoring bores (E010F, E010G-I and E010G-S) using electronic water level probes and data 
loggers.  These bores are between 7.3 and 8.6 m from E022. Groundwater level recovery was 
measured for 90 minutes following completion of the constant-rate test. 

Groundwater samples were collected at the beginning and end of the constant-rate test and submitted 
to ALS Laboratory Group for analysis.  Field measurements of groundwater pH and EC were taken at 
regular intervals (5 minutes to 2 hours) during the constant-rate test. 

Table 3-5 Test Production Bore E022 Aquifer Test Details 

Discharge Rate Bore Test Type Observation 
Bore

Groundwater 
Level 

 (m btoc)1 (L/s) (kL/day) 

Duration 
 (mins) 

Final
Drawdown 

 (m) 

Step 1 E022 2.99 0.40 35 30 0.90 
Step 2 E022 2.99 0.80 69 30 1.86 
Step 3 E022 2.99 1.25 108 30 2.81 

Constant E022 3.01 1.00 86 2,880 2.59 
Constant E010F 2.86 1.00 86 2,880 0.50 
Constant E010G-I 3.00 1.00 86 2,880 0.12 
Constant E010G-S 2.80 1.00 86 2,880 0.37 
Recovery E022 3.01 (1.00) (86) 90 0.14 
Recovery E010F 2.86 (1.00) (86) 90 0.14 
Recovery E010G-I 3.00 (1.00) (86) 90 0.03 

E022

Recovery E010G-S 2.80 (1.00) (86) 90 0.21 
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Slug (Falling Head) Tests 
Slug tests were also completed in the (deeper) monitoring bores and drive point piezometers. During 
the slug tests a measured volume of water (5 to 10 L), was quickly poured into the monitoring bore 
and drive point piezometer standpipes. The change in hydraulic head was monitored using an in situ
‘Aquatroll’ data logger programmed to record groundwater levels at 2 second intervals. Slug tests 
were not completed in the subterranean fauna or shallow monitoring bores.  

The slug tests in the monitoring bores and drive point piezometers are summarised in Tables 3-6 and 
3-7 and locations shown on Figure 3-4. Additional slug test records are provided in Appendix D. 

Table 3-6 Summary of Slug Tests in Monitoring Bores 

Monitoring 
Bore Screened Unit 

Groundwater 
Level 

(m bgl) 

Slug
Volume

(L)

Maximum 
Displacement 

(m)
Superficial Formations - Ashburton River Delta Alluvium  

E007G-I Sandy Gravel and Clayey Sand 1.891 10  - 
E010G-I Silty sand and Palaeochannel Deposits 2.289 10  1.511 
E018G-I Silty Clay, Silty Sand and Claystone 2.1 10  1.566 
E014G-I Clay and Claystone, some Sandstone 2.584 10 2.512 

E024FG-I Sandy Clay 2.041 10  1.341 
E025FG-I Calcarenite 6.667 10 0.086
E025FG-D Sand, with Palaeochannel Deposits 6.728 10 0.086 
E027FG-I Clay and Sandstone 2 10 2.384 
E028G-I Sandy Clay and Clay 2.98 10 2.488 
E029G-I Sandstone 1.3 10 6.134 
E030G-I Silty Sand and Sand 7.75 5 4.25 

E032FG-I Sand 1.829 10 1.782 
E032FG-D Sandstone and Clayey Sand 2.034 10 1.998 
E033FG-I Mostly Sand, part Clay 2.138 10 0.62
E046FG-I Calarenite 2.32 10 2.570
E047FG-I Sandy Clay and Clay 1.38 10 1.980 
E048FG-I Sand 2.43 10 2.281 

Superficial Formations - Ashburton River Delta Clay 
E005G-I Clay (aquitard) 2.847 10 1.343

Trealla Limestone
E002G-D Limestone, vuggy 3.794 10 2.701 
E005G-D Limestone, notes ad good aquifer 3.086 10   
E007G-D Limestone, with cavities 2.456 10  2.456 
E016G-D Limestone 3.997 10  2.452 
E018G-D Clay then Limestone   10  NA 
E019G-D Limestone, very weathered   10    

E027FG-D Limestone and Conglomerate 2.63 10 2.013 
E029G-D Limestone 1.47 10  1.955 
E030G-D Sand and Limestone 8.075 10 5.854 
E031G-D Mainly Limestone and some Silty Sand 1.35 10 7.005 

E033FG-D Mainly Limestone, some Breccia and Sandstone 3.012 10 2.474
E047FG-D Limestone, Calcarenite and Silty Clay 2.01 10 1.893
E052FG-D Weathered Limestone 2.12 10 2.444 
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Table 3-7 Summary of Slug Tests in Drive Point Piezometers 

Drive Point 
Piezometer Screened Unit 

Screened
Length 

(m)

Groundwater 
Level 

(m bgl) 

Slug
Volume

(L)

Maximum 
Displacement 

(m)

EO34G-S Saturated Sands and Clays: Intertidal zone 0.3 0.63 1.00 0.77 
E036G-S Superficial Sands 0.3 0.72 0.50 0.70 
E040G-S Sandy claypan 0.2 0.94 0.50 0.66 
E041G-S Sandy Clay 0.3 0.59 1.00 0.76 
E043G-S Sandy Clay 0.6 0.55 0.75 0.80 
E044G-S Sandy Clay 0.3 0.48 1.00 0.92 
E056G-S Sandy Clay 0.4 0.97 1.00 2.77 
E034G-D Saturated Sands and Clays: Intertidal zone 0.3 0.64 1.00 0.77 
E036G-D Superficial Sands 0.3 0.82 0.50 NA 
E040G-D Sandy Claypan 0.6 0.93 1.00 0.93 
E041G-D Sandy Clay 0.6 0.53 1.00 1.10 
E042G-D Sandy Claypan 0.3 0.95 1.00 2.16 
E043G-D Sandy Clay 0.5 0.56 1.00 1.08 
E044G-D Sandy Clay 0.1 1.31 1.00 1.16 
E045G-D Saturated Claypan 0.2 0.56 0.50 0.72 
E056G-D Sandy Clay 0.2 0.93 1.00 3.45 

3.2.2 Groundwater Quality 
Field EC and pH of the groundwater being discharged from each monitoring bore were recorded 
during airlift development. At the completion of airlift development, a groundwater sample was taken 
from each bore and submitted to ALS Laboratory Group for analysis. Laboratory certificates of these 
analyses are provided in Appendix E.  

Subsequently EC profiles were measured in the completed monitoring bores. Plots of the EC profiles 
are provided in Appendix F. 

Groundwater analyses were completed to determine pH, TDS, EC, major dissolved ions (hydroxide, 
alkalinity, carbonate alkalinity, bicarbonate alkalinity, total alkalinity, sulphate as sulphur, elemental 
sulphur, chloride, calcium, magnesium, sodium, potassium) and total metals  (arsenic, cadmium, 
chromium, copper, lead, nickel, zinc, mercury). 

3.3 Infiltration Tests 
Infiltration tests were completed at 15 sites at Ashburton North. Details of the infiltration test sites are 
outlined in Table 3-8 and locations of the test sites are shown on Figure 3-5. The sites were selected 
to represent the different geomorphology units at Ashburton North.   

The methodology involved the placement of two 0.5 m lengths of uPVC casing (one inside the other) 
at the selected locations. The inner and outer casings were 50 and 125 mm nominal diameter. Both 
lengths of casing were driven about 0.15 m into the ground. Fresh, clear water was poured into the 
inner and outer ring to wet the underlying strata. Subsequently, the inner and outer rings were filled to 
the top of the casing and the fall in head was measured at selected time intervals. 
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Data and results from the infiltration tests are provided in Appendix G. 

Table 3-8 Infiltration Test Sites 

Name of Test Location of Test 

Claypan-E029 Border of claypan 40 m from E029 

Claypan#2-E029 Middle of claypan 

Claypan#3-Dune8 Border of claypan 

Claypan#4-Dune8 Middle of claypan 

Tidal Flat Test 1 Tidal flat 

Tidal Flat Test 2 Tidal flat 

Tidal Flat 1 Close to estuary 

Red Sand E026 Spinifex and red sand close to E026 

Beach E019 Beach, 20 m southeast of E019 

Spinifex Sand #1 Spinifex and sand next to E027 

Spinifex Sand #2 Spinifex and sand approximately 50 m from  E032 

Main Dune Test 1 E008 Mid height of dune, 50 m south of E008 

Main Dune Test 2 Top of main dune 

Beach Test 1 Beach

Beach Test 2 Beach

3.4 Barometric Pressure and Tidal Measurements 
Both barometric pressure and tidal fluctuations may influence groundwater level measurements in 
near-coastal settings. Therefore, site investigations included the collection of tidal and barometric data 
(Table 3-9) to enable the assessment of the influence of barometric pressure and tidal forces on 
measured groundwater levels. 

Tidal measurements were obtained from the Government of Western Australia – Department of 
Planning and Infrastructure (DPI, reference http://www.dpi.wa.gov.au/imarine/19102.asp). Barometric 
pressures and groundwater level data were recorded using in situ ‘Baratroll’ and ‘Aquatroll’ loggers.  
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Table 3-9 Data Collection to Assess Tidal and Barometric Efficiency 

Periods of Data Collection Monitoring Site  

Tidal Data Barometric Pressure Groundwater Levels 

17 – 18 April 2009 
DPI Website 

3 – 10 August 2009   

E005G-S 17 – 27 April 2009 

E005G-I 17 – 18 April 2009 

E005G-D 17 – 22 April 2009 

E007G-S 3 – 10 August 2009 

E024G-S 3 – 9 August 2009 

E025G-S 3 – 9 August 2009 

E026G-S 3 – 9 August 2009 

E027G-S 3 – 7 August 2009 

E027G-I 4 – 10 August 2009 4 – 10 August 2009 

E027G-D 3 – 10 August 2009 
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4
Interpreted Baseline Groundwater Environment 

4.1 Hydrostratigraphy 
The interpreted hydrostratigraphy of Ashburton North is based on the local lithological profiles 
intersected during the Environmental Drilling Programs. Depths of investigation were predominantly up 
to 30 m, with a few holes extending to 80 m. The interpreted hydrostatigraphy is broad-scale and 
limited to the depths of investigation. The interpreted hydrostatigraphy is summarised in Table 4-1 and 
shown in cross-sections on Figure 4-1 (plan view of cross-section lines) and Figures 4-2, 4-3 and 4-4 
(cross- sections).   

Table 4-1 Interpreted Hydrostratigraphy 

Potential Aquifer Description Hydrostratigraphic Unit 

Storage 
Characteristics  

Broad Lithology 

Typical Saturated 
Thickness 

(m) 

Quaternary/Recent Superficial Formations 

Dune Sands Unconfined Sands and Sandstones 3

Ashburton River Delta 
Alluvium 

Semi-Confined and  
Confined 

Silty and Sandy Clays, 
interbedded sand and clay  

20

Ashburton River Delta Clay 
and Unconformity 

Confining Layer and 
Aquitard 

Clay and Claystone 5  

Tertiary Successions - Carnarvon Basin 

Trealla Limestone  Confined Limestone 30

4.2 Interpreted Aquifer Parameters 
Aquifer parameters have been interpreted from the pumping, slug and infiltration test data. The 
interpretations have been aligned with the defined hydrostratigraphy. As such, the individual 
monitoring bores and drive point piezometers were grouped, depending on the screened 
hydrostratigraphic unit, as follows: 

 Dune Sands - All shallow ‘S’ monitoring bores are screened in the dune sands, with the exception 
of E024FG-S, E033FG-S, E046FG-S to E048FG-S and E052FG-S. 

 Ashburton River Delta Alluvium - All intermediate ‘I’ monitoring bores (with the exception of 
E005G-I, E024FG-S, E033FG-S, E046FG-S to E048FG-S, E052FG-S, E025FG-D and E032FG-D) 
are screened in the Ashburton River Delta alluvium. 

 Ashburton River Delta Clay and Unconformity - E005G-I is the only monitoring bore screened in 
the claystone, basal, and unconformity units for which aquifer test data are available. 

 Trealla Limestone - The deep ‘D’ monitoring bore are screened in the Trealla Limestone (except 
E025FG-D and E032FG-D).  
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4.2.1 Methods of Aquifer Test Analysis 
Pumping test data were analysed using the Theis (type curve) and Cooper-Jacob (straight-line) 
methods to estimate transmissivity. Hydraulic conductivity was subsequently calculated from: 

b
Tk 

  Where: k is hydraulic conductivity (m/day). 

T is transmissivity (m2/day).

b is aquifer thickness (m), assumed to be the equivalent of the screened 
interval in each individual monitoring bore. This assumption is considered 
valid, because the short tests and low pumping rates nature of the tests would 
limit vertical flow in the aquifer.     

Slug test data were analysed using the Bouwer and Rice Method. 

Infiltration tests were used to derive vertical hydraulic conductivity values using the Bouwer and Rice 
Method.

4.2.2 Interpretation of Hydraulic Conductivity from Aquifer Tests 

Step-Test Analysis for E022 
The step-drawdown test data are presented on Figure 4-5.   

Groundwater level drawdown in a pumping bore has two components - drawdown associated with the 
aquifer (formation loss) and drawdown associated with turbulent flow, friction and intake velocity 
through the screens/gravel pack (well losses).  The Bierschenk and Wilson method allows the 
determination of formation and well losses, utilising the following equation: 

Sw = BQ + CQ2

where: 

Sw is the specific drawdown at a certain time (30 minutes in this case). 

Q is the discharge rate in kL/day. 

B is the formation loss factor in m/m3/day.

C is the well loss factor in m/(m3/day)2.

The data are plotted as specific drawdown versus flow rate (Figure 4-5) and a best fit straight line has 
a gradient (equivalent to C) and a Y intercept (equivalent to B).

The analysis indicates that the test production bore has a high efficiency.  

E022 Well Efficiency (at 69 kL/day) = (BQ/Sw) x 100 

     =(0.0275 x 69/ 2.26) x 100 

     = 84 percent
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Similar calculations were performed at discharge rates of 35 and 108 kL/day, resulting in well 
efficiencies of 93 percent and 80 percent respectively.  Well efficiency decreases as discharge rate 
increases. 

Constant-Rate Test Analysis for E022 
The constant-rate test data are shown on Figure 4-6.   

Constant-rate test data were analysed using the Theis (type curve) and Cooper-Jacob (straight-line) 
methods to estimate aquifer parameters. Aquifer thickness, for calculating the hydraulic conductivity, 
has been determined as 4 m for E022, as this is the thickness from the water table to the base of the 
dune sands at the site. 

Analysis of the constant-rate test indicates aquifer transmissivity of the dune sands to be between 16 
and 26 m2/day (E010G-S and E022, respectively), with the corresponding hydraulic conductivity  
values between 4 and 6.6 m/day. These values are within the range shown in Table 4-2 obtained from 
short-term pumping tests, but above the average of 2 m/day.  

The response of E010G-I during the test suggests the transmissivity of the Ashburton River Delta 
alluvium is about 60 m2/day, with a corresponding hydraulic conductivity of 4 m/day. 

Storativity values were estimated to be between 0.00006 and 0.001 for both the Dune Sands and 
Ashburton River Delta Alluvium. 

Following the completion of the 48-hour constant-rate test, recovering groundwater levels were 
measured over a 90 minute period.  The groundwater level within the bore recovered to within 0.14 m 
of the static level after 90 minutes.  Results of the recovery test are shown on Figure 4-7. 

Short Term Test Analysis for Monitoring Bores and Drive Point Piezometers 
Tables 4-2 and 4-3 summarise hydraulic conductivity values determined from short-term pumping 
tests and slug tests in monitoring bores and drive point piezometers.  
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Table 4-2 Hydraulic Conductivity Interpreted from Short-Term Pumping Tests 

Interpreted Hydraulic Conductivity  
(m/day) Hydrostratigraphic Unit Data Sets 

Analysed1

Range Average Median Outliers2

Quaternary/Recent Superficial Formations

Dune Sands3
12 0.8 – 8 2 2 50 (E007G-S) 

Ashburton River Delta 
Alluvium 13 0.2 – 1 0.5 0.4 6.9 (E010G-I) 

20 (E033FG-I) 

Ashburton River Delta Clay 
and Unconformity 1 0.3 - - - 

Tertiary Successions - Carnarvon Basin

Trealla Limestone 14 0.1 – 10 3 0.8 - 

1. Selected data were not analysed due to comparatively poor quality. 

2. Outlying values are not included in range or calculation of average and median values. The high outlier hydraulic conductivity 
value for E007G-S is compatible with a comparatively high airlift yield and small drawdown during the pumping test. The aquifer
is screened in sandstone. The high outlier hydraulic conductivity value in E033FG-I corresponds with sand beds within the 
Ashburton River Delta alluvium. The sand beds appear small-scale and localised, typically being of insufficient thickness, 
continuity and extent to significantly influence the effective transmissivity of the Ashburton River Delta alluvium.  

3. An average of the Theis and Cooper Jacob hydraulic conductivity values was taken. 

Table 4-3 Hydraulic Conductivity Interpreted from Slug Test Data 

Interpreted Hydraulic Conductivity  
(m/day) 

Data Sets Analysed1

Hydrostratigraphic 
Unit

Drive Point 
Piezometers 

Monitoring 
Bores

Typical 
Range Average Median  Outliers2

Quaternary/Recent Superficial Formations

Ashburton River Delta 
Alluvium  - Clay Pans 7 - 0.01 – 0.2 0.05 0.02 - 

Ashburton River Delta 
Alluvium

-
14 0.1 – 7 2 2 0.002 (E030G-I) 22 

(E010G-I)

Ashburton River Delta 
Clay and Unconformity 

- 1 1 - - - 

Tertiary Successions - Carnarvon Basin

Trealla Limestone - 9 0.01 - 7 2 0.4 -

1. Selected data were not analysed due to comparatively poor quality.  
2. Outlying values are not included in range or calculation of average and median values. The high outlier hydraulic conductivity 
in E010G-I corresponds with palaeochannel sand deposits within the Ashburton River Delta alluvium. It is interpreted that the 
palaeochannel sand deposits are small-scale and localised, typically being of insufficient thickness, continuity and extent to 
significantly influence the effective transmissivity of the Ashburton River Delta alluvium.



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

Chevron Australia Pty Ltd | 379

4 Interpreted Baseline Groundwater Environment 

42907466/WHST-STU-WA-RPT-0090/0 59

4.2.3 Interpretation of Vertical Hydraulic Conductivity from Infiltration Tests 
Table 4-4 summarises the vertical hydraulic conductivities interpreted from infiltration tests. Table 4-5 
provides a consolidated summary of these results.  

Table 4-4 Interpreted Vertical Hydraulic Conductivity – Infiltration Tests 

Hydrostratigraphic Unit 
Name of Test Vertical Hydraulic Conductivity 

(m/day) 
Quaternary/Recent Superficial Formations 

Red Sand E026 1
Beach E019 24

Spinifex Sand #1 0.1
Spinifex Sand #2 0.5

Main Dune test 1 E008 0.4
Main Dune test 2 4

Beach Test 1 5

Dune Sands 

Beach Test 2 6
Claypan-E029 0.1 

Claypan#2-E029 0.003 
Claypan#3-Dune8 0.1 
Claypan#4-Dune8 0.03 

Tidal Flat test 1 1
Tidal Flat test 2 0.4

Ashburton River Delta Alluvium

Tidal Flat 1 no infiltration 

Table 4-5 Summarised Vertical Hydraulic Conductivity – Infiltration Tests 

Vertical Hydraulic Conductivity (m/day) Hydrostratigraphic Units Number of 
Tests Range Average 

Quaternary/Recent Superficial Formations
Dune Sands - Beach 3 3.5 – 24 9
Dune Sands 5 0.6 - 4 1
Ashburton River Delta Alluvium  - 
Claypan and Tidal Flats 

7 0.003 - 1 0.2 

4.2.4 Interpretation of Effective Transmissivity 
Effective transmissivity for each stratigraphic unit was calculated by assuming an average thickness 
for each unit. 

The hydraulic parameters assigned to individual hydrostratigraphic units (derived from short-term 
pumping, slug and infiltration tests) are presented in Table 4-6. These parameters represent the 
estimated effective characteristics of the discrete hydrostratigraphic units and were used as initial 
hydraulic parameters for the numerical model. 



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

380 | Chevron Australia Pty Ltd

4 Interpreted Baseline Groundwater Environment 

60 42907466/WHST-STU-WA-RPT-0090/0 

Table 4-6 Interpreted Effective Hydraulic Parameters 

Hydraulic Conductivity 
(m/day) Hydrostratigraphic Unit 

Average 
Saturated
Thickness  

(m) Horizontal Vertical 

Effective 
Transmissivity 

(m2/day) 

Quaternary/Recent Superficial Formations
Dune Sands 3 4 – 8 4 12 - 24 

Ashburton River Delta 
Alluvium 

20 0.5 0.05 10 

Ashburton River Delta Clay 
and Unconformity 

5 0.3 0.03 2 

Tertiary Successions - Carnarvon Basin
Trealla Limestone 101 5.0 5.0 50 

1. The monitoring bores typically do not fully penetrate the Trealla Limestone. 

4.3 Groundwater Flow 

4.3.1 Relationship of Groundwater Levels and Topography 
An assessment of the relationship between topography and measured shallow groundwater levels is 
shown on Figure 4-8 and demonstrates topographic control on the water table elevation. Groundwater 
flow is a reflection of the surface water catchments, with the dune systems hosting catchment divides. 
In the deeper profiles of the Ashburton River Delta alluvium and Trealla Limestone, the influence of 
the local topography remains evident but subdued and increasingly masked by regional influences and 
density effects.  

4.3.2 Groundwater Level Trends 
Figure 4-9 (a to j) shows hydrographs for all those monitoring bores in which multiple groundwater 
level measurements.  Monthly monitoring of groundwater levels was undertaken from June to October 
2009, however, the discontinuous nature of the drilling program resulted in selected bores being 
monitored less frequently. 

The hydrographs show a decrease in groundwater level over the period. This is most likely a result of 
seasonal climatic influences.  Decreases in groundwater level over the monitoring period range from 
0.1 to 0.5 m, and are generally about 0.2 m. Groundwater level decreases appear to be similar in all 
three hydrostratigraphic units.  

A slight increase in groundwater levels was noted between late-July and early-August in monitoring 
bores at several sites (E002, E012, E014, E018, E019, E021, E029, E031, E032 and E033). This is 
probably a response to increased rainfall during June and July 2009, when 43 and 5 mm fell (Onslow 
Airport Station 005017, BoM 2009). In the months before and after this period, <5 mm of rainfall fell at 
Onslow Airport. 
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The hydrographs show significantly fluctuating groundwater levels in monitoring bores E002, E029, 
E030, E032 and E033, and then a return to a typical range.  

4.3.3 Environmental Heads 
The local shallow groundwater has a widely variable salinity. The dune sands, Ashburton River Delta 
alluvium and Trealla Limestone contain brackish, saline and hypersaline groundwater. Therefore, the 
groundwater hydraulics is coupled to density effects that characterise saline and hypersaline 
groundwater flow dynamics. Determining potentiometric heads, hydraulic gradients and groundwater 
flow directions in successions that contain saline and hypersaline groundwater requires the 
interpretation of environmental heads. The environmental heads compensate for and equilibrate 
vertical density stratification due to groundwater salinity.  

Freshwater has a density of 0.99 g/cm3. Locally beneath the Project area, TDS concentrations of 
5,000 to about 200,000 mg/L have been measured, with commensurate groundwater density ranging 
from 1.00 to 1.16 g/cm3. The relationship between fresh and saline groundwater heads was 
investigated by Luscynski (1961) and used to interpret environmental heads. 

The depth and groundwater TDS concentration in each monitoring bore has been used to determine 
the density of the water column and equivalent height of a freshwater column (freshwater equivalent 
heads, Chart 4-1). Subsequently, the freshwater equivalent heads were determined by considering the 
densities and freshwater heads of the successions overlying the monitoring bore screen interval, to 
establish environmental heads. 

Chart 4-1 Fresh Water Equivalent Environmental Water Heads

4.3.4 Horizontal Groundwater Flow Dynamics 
Groundwater level contour maps have been derived for the water table (Figure 4-10) and the 
predominant hydrostratigraphic units formed by the dune sands (Figure 4-11), Ashburton River Delta 
alluvium (Figure 4-12) and Trealla Limestone (Figure 4-13).  
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The water table elevation (m AHD) is based on the physical expression of the water table, as 
measured in monitoring bore and drive point piezometer standpipes, together with the assumption that 
the directions of groundwater flow would closely conform to the topography. As such, the interpreted 
water table elevations peak beneath the dunes, with flow lines perpendicular to the dune crests 
towards lowlands formed by the supratidal, samphire and tidal flats of the Southwest, Hooley Creek 
and Ashburton River Delta Catchments; and flow eventually northwards into the sea. Groundwater 
levels are highest in the southern portion of the Shared Infrastructure Corridor and indicate a northerly 
groundwater flow direction.  

The interpreted groundwater contour maps for the dune sands, Ashburton River Delta alluvium and 
Trealla Limestone are based on environmental heads. These maps are directly comparable and 
provide an understanding of the potential vertical flow dynamics between the shallow 
hydrostratigraphic units. The interpreted environmental heads show broad conformance with the 
topography, with mounds beneath the dunes, regional flow to the north and vertically upward flow from 
the Trealla Limestone into the overlying successions. That is, the environmental heads are highest 
(typically 1.0 to 2.5 m AHD) in the Trealla Limestone and progressively decline (typically 0.75 to 1.0 m 
AHD) throughout the Ashburton River Delta alluvium and are lowest (typically 0.25 to 0.75 m AHD) 
within the dune sands.  

4.3.5 Vertical Groundwater Flow Dynamics 
Figures 4-14, 4-15 and 4-16 illustrate the interpreted vertical distribution of environmental heads on 
selected cross-sections aligned along groundwater flow paths. These figures illustrate the broad 
conformance of the environmental heads with topography, with mounds beneath the dunes and 
vertically upward flow from the Trealla Limestone into the overlying successions. The upward flow 
gradients occur within the entire domain, but the cross-sections illustrate predominant upward flow to 
the lowlands formed by the supratidal, samphire and tidal flats.   

The interpreted vertically upward flow dominates the cross-sections and characterises the project area 
as a regional groundwater discharge zone.  

4.4 Barometric Efficiency 
Groundwater levels in confined aquifers respond to changes in barometric pressure. A reduction in 
barometric pressure results in a rise in confined aquifer groundwater levels.  The ratio of concurrent 
change between barometric pressure and groundwater level fluctuation is termed the barometric 
efficiency of an aquifer. Usually, highly confined aquifers have high (approaching 1.0, dimensionless) 
barometric efficiency, whereas unconfined water table aquifers have a barometric efficiency which 
approaches zero.  Barometric pressures measured at Ashburton North during August 2009 are shown 
on Chart 4-2.  
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Chart 4-2 Measured Barometric Pressure (4 to 10 August 2009) 

These data have been used to assess and correct groundwater level fluctuations in monitoring bores 
E007G-S and E027G-D during the corresponding period. The corrected groundwater levels are shown 
on Chart 4-3. Both corrected data sets show trends linked to other water balance factors. The ratio of 
groundwater level fluctuations compared to barometric pressure changes indicates a mean barometric 
efficiency of 0.4 (dimensionless) for E027G-D. For E007G-S, the barometric efficiency is inconsistent, 
suggesting any groundwater level fluctuations caused by barometric pressure changes were masked 
by the other water balance factors. 
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Chart 4-3 Selected Groundwater Levels Corrected for Barometric Pressure (4 to 10 August 2009) 
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4.5 Tidal Efficiency and Influence 
Groundwater levels may respond to tidal fluctuations. A rise in sea level may be accompanied by a 
rise in groundwater levels.  The ratio of concurrent change between tidal amplitude and groundwater 
level fluctuations is termed the tidal efficiency of an aquifer. Usually, highly confined aquifers have low 
tidal efficiency (not impacted by tidal actions), whereas unconfined water table aquifers may have a 
tidal efficiency approaching 1.0 (dimensionless). 

The amplitudes of tidal fluctuations from 22 to 23 June and 4 to 10 August 2009 were compared to 
groundwater levels measured concurrently in E011F and E013F (on the beach); E007F (Southwest 
Catchment); and E027G-D (Hooley Creek Catchment) - (Charts 4-4 and 4-5). The available data 
indicate low tidal efficiency, typically less than 0.1 (dimensionless).  

The low tidal efficiency indicates that the local groundwater environments are predominantly 
independent of and isolated from tidal influences. Measured TDS concentrations and associated 
groundwater densities, combined with the vertically upward hydraulic gradients, appear to locally limit 
seawater intrusion into the shallow water table zones. Presumably, the interface between groundwater 
and seawater occurs further offshore.  
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Chart 4-5 Tidal Fluctuations and Groundwater Levels (E007F and E027G-D) - 4 to 10 August 2009 

4.6 Groundwater Quality 
The available water quality data indicate that the local groundwater, at all depths, is brackish to 
hypersaline, near neutral to slightly alkaline and a sodium-chloride type - similar to seawater (Figure 4-
17). Ionic balance was out of the acceptable 5 percent limit due to analytes not quantified in the 
sample, most probably nitrate. TDS concentrations range from 3,560 to 204,000 mg/L, typically being 
higher in the Trealla Limestone. This aspect is supported by the Electrical Conductivity (EC) 
measurements, with values ranging from 12.7 to 187.6 mS/cm and being greatest in the Trealla 
Limestone. The groundwater quality data are summarised in Table 4-7.  

The measured TDS concentrations have been differentiated for the dune sands, Ashburton River 
Delta alluvium and Trealla Limestone (Figures 4-18, 4-19 and 4-20). These maps are directly 
comparable and provide an understanding of the potential regional source of accumulated salt within 
the deeper Carnarvon Basin successions being transmitted to the superficial formations predominantly 
formed by the Ashburton River Delta alluvium. 

Seawater salinity is about 33,000 mg/L TDS. The measured TDS distributions show vertical salinity 
stratification in the groundwater. The Trealla Limestone contains hypersaline (156,000 to 200,000 
mg/L TDS) groundwater. Groundwater salinity gradually decreases (typically 50,000 to 150,000 mg/L 
in the Ashburton River Delta alluvium and 20,000 to 120,000 mg/L in the dune sands) in the shallower 
successions. 
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The vertical distribution of groundwater salinity is shown on selected cross-sections (Figures 4-21, 4-
22 and 4-23). Typically, the groundwater salinity is less in the dune sands, beneath comparatively 
broad expanses of transmissive dunes that may preferentially intercept and transmit rainfall recharge. 
Brackish groundwater locally occurs in the dune sands, but the distribution is irregular. 

In principle, the lateral and vertical distributions of TDS concentrations are expected by be strongly 
aligned with the interpreted environmental heads.   
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Heavy metals were detected in groundwater from most monitoring bores, with chromium, copper, 
nickel and zinc detected in the highest concentrations (Table 4-8). The limit for reporting for the heavy 
metals was raised in several samples due to the high EC of these samples. Heavy metal 
concentrations occur above the marine Australian and New Zealand Environment and Conservation 
Council (ANZECC, 2000) Guidelines in groundwater from many of the monitoring bores. The marine 
ANZECC Guidelines are used as a reference due to the high concentrations of salt in the 
groundwater. The application of the guidelines is only relevant if the groundwater discharges at the 
surface and does not undergo any chemical alteration, such as precipitation, that might affect heavy 
metals concentrations.  

Table 4-8 Heavy Metal Concentrations in Monitoring Bores 

Concentrations (mg/L)Heavy 
Metal Highest Lowest 

Number of 
Samples with 

Metal Detected

ANZECC Guideline Trigger 
Value for Maine Water with 

95% Level of Protection

Arsenic 0.045 0.011 10 No value

Cadmium 0.059 0.0001 6 0.005

Chromium 0.747 0.001 20 0.027

Copper 0.42 0.009 41 0.0013 

Lead 0.07 0.012 7 0.004 

Nickel 1.18 0.003 52 0.07 

Zinc 0.564 0.01 32 0.015 

Mercury <0.0001 <0.0001 0 0.0004 
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5
Conceptual Hydrogeology Model 

Ashburton North is underlain by a shallow water table, predominantly saline to hypersaline 
groundwater and is a groundwater discharge zone associated with regional Carnarvon Basin 
successions. Local exceptions occur seasonally, when the dunal terrain intercepts and transmits 
rainfall recharge. Interpreted seasonal recharge zones are shown on Figure 5-1. All shallow 
groundwater intercepted by the site investigations appears to be accumulating salt, thus indicating low 
rates of net recharge and the predominant occurrence of hypersaline groundwater discharge into the 
shallow sediments from the underlying Trealla Limestone.   

Local groundwater flow is influenced by topography. Within the dune sands, the influence of 
topography on groundwater flow is more apparent (Figure 5-2) than for the underlying successions. 
This reflects the occurrence of a lateral flow component from crests to lowlands, driven in part by 
seasonal recharge. 

Local groundwater flow is also influenced by density effects that characterise the flow dynamics of 
saline and hypersaline groundwater. Groundwater flows in dune sands, Ashburton River Delta 
alluvium and Trealla Limestone are strongly influenced by vertical upward hydraulic gradients. 
Environmental groundwater heads indicate mounding beneath the dunes and discharge towards 
lowlands formed by the supratidal, samphire and tidal flats of the Southwest, Hooley Creek and 
Ashburton River Mouth Catchments. The vertically upward environmental heads and constructed flow 
net (Figure 5-3) indicate groundwater discharge from the underlying regional Carnarvon Basin 
succession into the overlying sediments. This results in the potential for mixing of both (deeper) 
regional and (shallow) local groundwaters, particularly within the Ashburton River Delta alluvium and 
dune sands successions. Such mixing would contribute to the accumulation of salt in the groundwater 
of the shallower successions.       

The interpreted hydraulic characteristics of the discrete hydrostratigraphic units are summarised in 
Table 5-1 and are based on the site investigation data. While the vertical hydraulic conductivity values 
are approximate only, they indicate the potential for hypersaline groundwater in the Trealla Limestone 
to discharge into the overlying shallow sediments.   

Table 5-1 Interpreted Hydraulic Parameters 

Hydrostratigraphic Unit 
Horizontal 
Hydraulic 

Conductivity
(m/day) 

Vertical
Hydraulic 

Conductivity
(m/day)  

Effective Transmissivity 
(m2/day) 

Dune Sands 4 - 8 4 12 - 24 
Ashburton River Delta Alluvium 0.5 0.05 10

Ashburton River Delta Clay and Unconformity 0.3 0.03 2
Trealla Limestone 5.0 5.0 50

The distribution of salinity in the shallow groundwater controls the density-coupled flow dynamics and 
environmental heads. The TDS distribution in groundwater shows vertical salinity stratification, with 
Trealla Limestone containing hypersaline groundwater and groundwater salinity progressively 
reducing in the shallower sediments. The dune sand contains brackish to saline groundwater.   
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6
Groundwater Impacts Assessments 

6.1 Potential Groundwater Impacts 
Construction of the Plant Pad, Shared Infrastructure Corridor and Accommodation Village would alter 
natural drainage lines, water balance and salt balance.  This impact would commence during 
construction, be local on scale and permanent. The large volumes of fill material being brought into the 
Project area and the placement methods would alter local landforms and potentially impact the 
groundwater environment. Changes to the landforms would alter the local catchments, promote 
increased recharge and subsequently change water table elevations. There is potential to alter 
groundwater flow directions, hydraulic gradients and groundwater quality.  

The potential groundwater impacts may be linked to different aspects and stages of the Project 
development, such as: 

 Construction earthworks – dredge material placement area: The Project considers onshore 
placement of the dredge material. Seawater pumped ashore with the dredge cuttings may infiltrate 
to and mound the water table beneath the dredge material placement area. Seawater that infiltrates 
to the water table would be transported within the groundwater environment. Potential impacts may 
be linked to: 

— Mounding of the local water table due to the infiltration of seawater within the placement area. 
— Increased salt loadings to the water table.  The shallow local groundwater quality may change to 

reflect the seawater infiltration. The dredge material is assumed to be inert, thus seawater 
infiltration from the placement area may only influence the local groundwater salinity.  The 
placement area and surrounds host brackish to hypersaline groundwater in shallow water table 
settings beneath dune, supratidal and tidal settings. 

— Seepage of seawater beneath perimeter bunds, expressing as groundwater discharge on the 
ground surface on the outside perimeter of the dredge material placement area.  

 Presence of the Plant Pad infrastructure – mounding of the water table: The large volumes of fill 
material imported into the Project area would alter the local landforms and may impose impacts on 
the groundwater environment. Changes to the landforms, particularly the Plant Pad and dredge 
material placement area would alter the local catchments, promote increased recharge and 
subsequently change the water table elevations. There is potential that the changed landforms 
would promote mounding of the water table and consequent alteration of local groundwater flow 
directions and hydraulic gradients. 

 Operations – spills and leaks. Spills or leaks of contaminants that infiltrate the dune sands beneath 
the Plant Pad may enter the water table zone and be transmitted by groundwater flow to local 
terrestrial and marine receptors.  

The methodology for the assessment of impacts on the groundwater focuses on the differences 
between the interpreted baseline groundwater levels and groundwater quality and any altered 
groundwater environments linked to developments at Ashburton North. The potential impacts are 
identified and assessed according to the proposed infrastructure (Plant Pad, Shared Infrastructure 
Corridor and Accommodation Village) of the Project.  For the impact assessments, the infrastructure 
predominantly includes the option of onshore dredge material emplacement as this presents a 
potential worst-case groundwater impact. In the absence of onshore dredge material emplacement, 
the Project footprint would be reduced, with commensurate reduction of potential groundwater 
impacts. 
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Potential impacts on groundwater levels have been assessed based on the interpretation of baseline 
data and simulation of the aspects of the Project that may influence the groundwater environment.  
Potential impacts on groundwater quality have been assessed based on baseline quality data and 
application of the ANZECC Guidelines for Fresh and Marine Water Quality (2000). The ANZECC 
Guidelines default trigger values for salinity and turbidity in slightly disturbed ecosystems in tropical 
Australia, including northwest Western Australia, are shown in Table 6-1.  

Further, the potential impacts to the groundwater environment have been assessed cognisant that: 

 The local environment typically hosts saline and hypersaline groundwater. 
 The local environments form groundwater discharge zones, with the exception of the dune sands. 
 The receiving environments occur predominantly at marine interfaces, where groundwater is 

discharging.  
 The Ashburton River Delta is a regionally significant arid zone mangrove area (EPA, 2001). 
 The Ashburton River Delta is assigned a 'Maximum' Level of Ecological Protection (LEP) in "Pilbara 

Coast Water Quality Consultation Outcomes: Environmental Values and Environmental Quality 
Objectives; Department of Environment Marine Report Series, Report No 1. March, 2006".  

URS (2010a and b) provide a baseline assessment of the intertidal habitats and impact assessments 
linked to the potential dredge material placement area at Ashburton North.  

Table 6-1 ANZECC Guidelines for Salinity and Turbidity in Tropical Australia 

Salinity  

Ecosystem Type Electrical
Conductivity 

(µS/cm) 

Equivalent 
Estimated 

TDS
(mg/L)

Turbidity  
(NTU) 

Upland and lowland rivers 20 – 250 10 - 150 2 - 15 

Lakes, reservoirs and wetlands 90 – 900 50 - 550 2 - 200 

Estuarine and marine 52,000 33,000 1 - 20 

The ANZECC Guidelines, together with baseline data, have been used to develop site specific trigger 
values for salinity and turbidity which should not be exceeded, in order to protect the local 
groundwater environment and associated ecosystems. These trigger values are provided in Table 6-2. 
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Table 6-2 Baseline Groundwater Trigger Values 

Trigger Values Based on Baseline Concentrations and 
ANZECC Guidelines 

Ecosystem type 
Salinity  
(µS/cm) 

Equivalent 
Estimated TDS 

(mg/L)

Turbidity 
(NTU) 

Mangroves 52,000 33,000 20
Upstream reaches of Ashburton River 
Delta, including Southwest and Hooley 
Creek Catchments that discharge to 
tidal areas 

52,000 33,000 
20

Near-shore Marine 52,000 33,000 20

6.2 Groundwater Flow Model Development 
A groundwater flow model has been developed to simulate the interpreted baseline groundwater 
environment.  

6.2.1 Model Code 
MODFLOW-Surfact (Hydrogeologic Inc 1996) is used as the model code for the numerical simulations 
using Visual MODFLOW 2009.1 as the pre-processor. MODFLOW is a 3D block-centred finite 
difference code developed by the United States Geological Survey to simulate groundwater flow.  

6.2.2 Model Domain and Layering 
The model domain covers an area of 52 km2 and consists of six layers. The coordinates (in GDA 94, 
zone 50) of the model corners are shown in Table 6-3. 

Table 6-3 Model Domain 

Easting

(mE) 

Northing

(mN) 

287,000 7,595,000 

287,000 7,602,500 

296,000 7,595,000 

296,000 7,602,500 

The cell size within the model varies from 50 x 50 m over the Plant Pad to 100 x 100 m close to the 
model boundaries. The model domain and grid are shown on Figure 6-1; the domain incorporates the 
Hooley Creek, Southwest and Ashburton River Mouth Catchments.  
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The numerical model has been developed to be compatible with the conceptual hydrogeological 
model. The top of the model represents the natural and altered ground surface, interpolated from a 5 
m raster dataset. Hydrostratigraphic units are represented in the numerical model as discrete layers 
(Figure 6-2). The representation of hydrostratigraphic units in the numerical model is based on the 
stratigraphy interpreted from site investigation data.  

All model layers are continuous. Layer 1 hosts the dredge material placement area and associated 
embankments. Layer 1 and Layer 2 represent the dune sands, with a thickness of 1 to 5 m. The 
simulated dune sands extend beneath the Hooley Creek, Southwest and Ashburton River Mouth 
Catchments at a minimum thickness of 1 m. The Ashburton River Delta alluvium ranges in thickness 
from 15 to 19 m and is represented as layer 3 and 4.  Ashburton River Delta clay has a thickness of 
approximately 6 m and is represented as layer 5.  The Trealla Limestone (layer 6) is simulated with a 
nominal thickness of 7 m, since it was not intended to integrate the full thickness of this limestone into 
the model. The representation of the hydrostratigraphic units in the numerical model is summarised in 
Table 6-4 and shown on west-east and south-north cross-sections on Figures 6-3 and 6-4. 

Table 6-4 Representation of Hydrogeological Units in the Numerical Model 

Hydrogeological Unit Model Layer 

Dredge Material Placement Area, Embankments and Dune Sands 1

Dune Sands and Clay Pans 2

Ashburton River Delta Alluvium 3 and 4 

Ashburton River Delta Clay  5

Trealla Limestone 6

6.2.3 Boundary Conditions 
No-flow conditions are assigned to the western and eastern model boundaries that approximately are 
aligned along groundwater flow lines. The seaward boundary of the model is represented as a 
constant-head condition at mean sea level. Interpreted tidal efficiencies are low and consequently, no 
tidal fluctuations are simulated. In the Trealla Limestone, layer a general-head boundary condition is 
assigned to the southern and northern boundaries of the model. A general-head boundary condition 
allows a flux based on an assigned head and conductance. The conductance parameter represents 
the resistance to flow between the prescribed head value and the model boundary. 

The model also includes recharge to contribute to the water balance and enabling simulation of a 
representative water table. Groundwater discharge at the land surface is removed from the model 
domain via evaporation or stream flow.   

Since the model domain is located in an area where variable groundwater densities occur, the 
measured groundwater levels have been transformed into environmental heads and these have been 
used to define boundary heads. 
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6.2.4 Steady-State Calibration 
For the steady-state (a flow condition that does not change with time) calibration, the model is 
calibrated to interpreted July and August 2009 environmental heads.  A reasonable calibration result is 
achieved (Chart 6-1). The overall Root Mean Square (RMS) error of the model calibration is 11 
percent, with the monitoring bores in the Trealla Limestone showing the widest variation between 
simulated and interpreted environmental heads. 

Chart 6-1 Observed and Simulated Environmental Heads 
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The calibration results indicate the developed groundwater flow model is a broad representation of the 
local groundwater environments. Figure 6-5 shows the simulated water table, indicating lateral flow 
from comparatively high water table elevations beneath the dune sands towards the low-lying 
catchment areas. In the calibrated model, vertical flow gradients (west-east and south-north cross-
sections shown on Figures 6-6 and 6-7) between the Trealla Limestone and the Ashburton River Delta 
alluvium are maintained by applying comparatively low vertical hydraulic conductivities to layer 5; the 
Ashburton River Delta clay. A comparatively high hydraulic conductivity in the southern half of the 
Ashburton River Delta alluvium is required to obtain a satisfactory calibration error. The hydraulic 
parameters derived from the calibrated model are presented in Table 6-5. The calibrated model also 
hosts recharge of 5 mm/year to enable the simulated water table beneath the dunes to reflect the 
ground surface topography.  

Table 6-5 Calibrated Model Parameterisation 

Hydraulic Conductivity 

(m/day) 

Storage Material Type 

Horizontal Vertical Specific
Storage 

(1/m) 

Specific Yield 

(dimensionless) 

Dune Sands 2 0.1 0.0002 0.15

Ashburton River Delta Clay Pan 0.4 0.004 0.0002 0.15

Ashburton River Delta Alluvium 
(North) 

0.4 0.004 0.0002 0.03 

Ashburton River Delta Alluvium 
(South)

2 0.2 0.0002 0.03 

Ashburton River Delta Clay 0.2 5 x 10-5 0.001 0.01 

Trealla Limestone 5 0.5 0.00001 0.05

The clay pans in Layer 2 are assigned the same hydraulic properties as the Ashburton River Delta 
alluvium.

The overall mass balance error of the steady-state calibration is 0.02 percent. The mass balance 
summary for the model boundaries is shown in Table 6-6. 
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Table 6-6 Steady-State Model Mass Balance Summary 

Rate  

(kL/day) Model Boundaries 

Inflow Outflow 

Recharge 702 0

Surface Ponding (evaporation/stream flow) 0 1,377

Constant Head 406 67

Head Dependent Boundary 337 0

Totals 1,445 1,444

6.3 Predictive Groundwater Model Impacts Assessments 
The calibrated groundwater flow model has been adapted to incorporate key elements of the Project 
infrastructure (predominantly the dredge material placement area). Subsequently the model has been 
applied to predict the changes to the baseline groundwater environment that would be imposed by the 
Project. 
The modelling predictions and assessments are framed based on the potential impacts imposed by: 
 Construction earthworks – dredge material placement area. 
 Presence of the Plant Pad infrastructure – mounding of the water table. 
 Operations – spills and leaks.  

6.3.1 Construction Earthworks – Dredge Material Placement Area 
The potential onshore placement of dredge material may involve dredged cuttings being transported 
hydraulically and disposed through a pipeline into a purpose-built placement area located within 
western domain of the Plant Pad (Figure 6-1). Typically, the dredging operations will produce 
seawater slurry with solids to water ratio of about 1:5. The onshore placement of dredge material is 
characterised as follows: 

 Up to 10 Mm3 dredged material disposed to land in seawater slurry. 
 Approximately 50 GL of seawater temporarily disposed to land. 

The dredge material placement area would be contained by perimeter embankments, except where 
the dune terrain provides a natural embankment. Internally, the dredge material placement area would 
be sub-divided into three cells.  Two of these cells are intended to contain dredge material; the third 
forms a sediment trap and sump (Figure 6-8).The perimeter embankments would be constructed using 
suitable fill and compacted materials.  

Consolidation and dewatering of the disposed dredge material will occur within the placement area. 
The processes of consolidation and dewatering will occur through the decanting of supernatant 
seawater, seepage of seawater into the groundwater environment and evaporation. Seawater slurries 
would drain from the two cells containing disposed dredge material through weir boxes, into the sump.  



Wheatstone Project Appendix F1 - Wheatstone Project Groundwater Studies

402 | Chevron Australia Pty Ltd

6 Groundwater Impacts Assessments 

82 42907466/WHST-STU-WA-RPT-0090/0 

The heights of the weir boxes would be variable: 

 Enabling retention of sediment fines on the upstream side. 
 Limiting the depth of upstream water ponds against the embankments. 
 Limiting the sediment ingress into the sump.  

Within the sump, there would be storage and retention of decanted seawater which allows settlement 
of sediment fines prior to disposal. Seawater disposal to an ocean outfall in front of the Plant Pad is 
proposed during the dredging campaign. Subsequently, seawater disposal and runoff would be initially 
intercepted by the sump, then released into the Southwest Catchment through a weir box in the 
external embankment (Figure 6-8). The sump and weir box would enable retention and settling of 
sediment fines, thus limiting release their release into the catchment.  

To simulate the dredge material placement, layer 1 of the groundwater flow model has been adapted 
to represent the facility embankments, depositional cells and sump as shown on Figure 6-8. 
Subsequently, concepts and schedules for the placement of dredge materials have been developed 
and applied to the model. These model, concepts and schedules host several assumptions, including: 

 The perimeter and internal embankments are formed of inert dry fill, emplaced and compacted to 
peak elevations of about 6.5 m AHD. 

 Embankments are characterised by lateral and vertical hydraulic conductivity of 0.2 m/day.  
 The embankments do not host geotextile fabrics or liners. 
 The base of the dredge material placement area is the natural ground surface, typically at an 

elevation of about 1.5 m AHD. 
 Peak dredge material beach elevation is 6.0 m AHD, thus providing a typical 4.5 m height for 

dredge material placement.  
 Emplaced dredge material slurries would form a backfill profile with beach angles of about one 

percent.
 Emplaced dredge material may not be trafficable for several months after deposition.  
 Dredge material deposition occurs over a period of about 18 months. 
 Dredge material placement would occur at a typical rate of 0.56 Mm3/month.
 The deposition of the dredge material conceptually occurs sequentially, in three stages:  

— Stage 1: Given the assumed heights of dredge material placement and beach angles, the initial 
emplacement stage would form a wedge with crest height of 4.5 m and toe of the beach about 
450 m from the crest. The unit cross-section volume of the initial beach is about 1,000 m3/linear
metre. The rate of beach advance would be 550 m/month. The Stage 1 beaches would have 
crests on the perimeter of the facility embankments. 

— Stage 2: Return beaches that on-lap the Stage 1 emplaced dredge materials, thus with the same 
crest elevations but shorter beach lengths. The unit cross-section volume of the initial beach is 
about 500 m3/linear metre and the rate of beach advance would be 1,100 m/month.  

— Stage 3: Final pass, capping Stage 1 and Stage 2 emplaced dredge materials to an elevation of 
6.0 m AHD. The unit cross-section volume of the initial beach is about 515 m3/linear metre and 
the rate of beach advance would be 1,080 m/month.  

 The stages deposition sequences have been applied to the design depositional cells (Figure 6-8) to 
formulate depositional schedules. The conceptual depositional schedules are shown on Figure 6-9 
(a to c). 

 The dredge material has an isotropic hydraulic conductivity of 1 m/day. 
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 The dredge material has a specific yield of 0.15 (dimensionless). 
 The sump hosted within the southern dredge material placement area is pumped, at least during 

the dredging campaign, with simulated water levels maintained at 1.5 m AHD.  

Once adapted, the groundwater model has been applied to predict the impacts of the dredge material 
placement area on the local groundwater environment. The initial groundwater levels at the 
commencement of dredge material placement are those obtained from the steady-state groundwater 
flow model. In the predictive simulations, the period of the dredge campaign is 485 days, about 16 
months.  Results of the predictive simulations during the dredge campaign and subsequently are 
outlined below in context with: 

 Mounding of the water table. 
 Increased salt loadings to the water table. 
 Seepage of seawater. 

Mounding of the Water Table  
Mounding of the water table is predicted to occur due to the infiltration of seawater from the dredge 
material placement area. The predictive simulations show the occurrence of mounding of the water 
table due to loadings from and infiltration of seawater within the dredge material placement area. This 
initially occurs as vertical infiltration, with saturation of the available storage in the dredge material, 
dune sands and Ashburton River Delta alluvium. Subsequently there is both vertical and lateral flow 
within the dune sands and Ashburton River Delta alluvium beneath the placement areas embankment 
perimeters.  

Outputs from the predictive model have been interrogated to provide snapshots of changes to the 
local groundwater environment at times 100, 301 and 485 days after commencement of dredge 
material placement. Each snapshot is represented on Figure 6-10 (a to d), Figure 6-11 (a to d) and 
Figure 6-12 (a to d), illustrating: 

 Predicted water table elevations. 
 Magnitude of the water table mound above baseline elevations. 
 West-East Cross-Section Flow Net. 
 South-North Cross-Section Flow Net. 

The predictive simulations show: 

 The simulated water table is locally mounded beneath the dredge material placement area in the 
short-term after commencement of dredge material placement.  

 The simulated maximum mound elevation is about 6.0 m AHD, compatible with the top elevation of 
the emplaced dredge material. 

 The mounding of the water table is predominantly constrained to the vicinity of the dredge material 
placement area, embankments and adjacent dune terrain. 

 The mounding preferentially occurs in the dune sands, a reflection of the available storage above 
the baseline water table and effective transmissivity of the saturated profiles.  

 The mounded water table radiates from the dredge material placement area. 
 Outside of the dredge material placement area, residual heads typically occur up to 0.5 m above 

the baseline water table elevation. 
 The mounding of the water table leads to subtle changes in groundwater flow directions and zones 

of discharge. 
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Increased Salt Loadings to the Water Table 
The baseline salinity of the shallow groundwater beneath the placement area is saline to hypersaline, 
being typically: 

 50,000 to 150,000 mg/L TDS in the Ashburton River Delta alluvium. 
 20,000 to 120,000 mg/L TDS in the dune sands. 

Successions of Ashburton River Delta alluvium predominantly underlie the dredge material placement 
area.

The mounded water table in the immediate vicinity of the dredge material placement area is likely to 
predominantly initially host seawater. The salinity of seawater is about 33,000 mg/L TDS. Thus the 
expectation is that the initial infiltration from the dredge material placement area may typically be of 
lower salinity than that of the baseline groundwater environment. Over time, however, depending on 
the concentration effects of evaporation, rates of consolidation of the emplaced dredge material rates 
of rainfall infiltration, the salinity of infiltrates may change and be variable. It is anticipated that the 
consolidated dredge material may contain about 40,000 tonnes of salt residual after dewatering and 
evaporation of available pore water in the dredge material. The salt in storage above the water table 
may eventually be dissolved and mobilised by rainfall infiltration, enter the water table and be 
transmitted within the local groundwater environment. Dissolved salts in the infiltrating rain would mix 
with the local groundwater. The mixing with the groundwater and ultimate flow paths would be 
controlled by the salinity (density) of the infiltrates compared with those of the shallow groundwater.  

The infiltration of seawater from the dredge material placement area may alter the local salinity profiles 
within the shallow water table zones of the dune sands and Ashburton River Delta alluvium. Potential 
impacts on salt loadings to and salinity concentration of the shallow groundwater from the infiltration of 
seawater and salt would be reduced by enabling rapid consolidation and dewatering of the emplaced 
dredge material. The rapid lowering of the mounded water table within the dredge material placement 
area would reduce the concentration effects of evaporation, thus reducing both the potential salt 
loadings and concentrations of infiltrates. 

Seepage of Seawater 
During and after the cessation of the dredge material disposal, the mounding of the water table 
progressively decays. The decay occurs in response to dewatering and consolidation of the disposed 
dredge material and associated seawater losses to vertical and radial groundwater flow and 
evaporation. The vertical and lateral groundwater flows from the dredge material placement area 
manifest as seepage on the perimeter of and through the facility embankments. The seepage 
expresses at the water table and on the ground surface outside of the dredge material placement 
area.
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The groundwater flow model has been used to predict the locations and rates of seepage from the 
dredge material placement area. The seepage fronts are closely linked with the areas of mounded 
water tables and vary over time as the mounded water tables decay. The predicted locations and rates 
of seepage have been interpreted using: 

 Simulated synthetic monitoring bores located on the outside perimeter of the dredge material 
placement area (Figure 6-13) and associated hydrographs (Figure 6-14 (a to g). The predictive 
hydrographs illustrate the ground elevation and transient magnitude of the mounded water table at 
the selected sites on the perimeter of the dredge material placement area embankments.  

 Water budget zones that quantify lateral and vertical groundwater flow both in and out of selected 
domains within the groundwater flow model. Plan and cross-section views of the water budget 
zones used to quantify seepage locations and rates are shown on Figure 6-15 and Figure 6-16. 
Findings from the predicted water budgets have been consolidated to show: 

— Seepage from the dredge material placement area embankments (Figure 6-17). 
— Seepage through the base of the dredge material placement area (Figure 6-18). 
— Seepage to the water table on the outside perimeter of the dredge material placement area 

embankments (Figure 6-19, a and b).  

 Changes in groundwater intercepted by evaporation in the model due to the mounded water table 
propagating to the ground surface. These changes predict the visible seepage zones in perimeter 
area of the dredge material placement area at different times. Snapshots of the predicted seepage 
zones at times of 100, 301 and 485 days and five, ten and 50 years after commencement of the 
dredge material emplacement are shown on Figure 6-20 (a to f).  

The predictive simulations show total seepage from the dredge material placement area peaks at a 
rate of about 2,200 kL/day (Figure 6-19a). Contributions to the total seepage (Table 6-7 and Table 6-
8) include a peak of about 200 kL/day through the facility embankments and up to about 1,900 kL/day 
that propagates through the base of the facility, predominantly into the Ashburton River Delta alluvium 
and to a lesser extent into the dune sands and manifests as seepage on the embankment perimeters. 
A variable portion of the seepage is also manifest as changes (increases) in storage beneath the 
mounded water table and increased groundwater through-flow in the water table zone and at depth 
linked to higher local hydraulic gradients. The seepage through the base of the facility predominantly 
manifests as surface expressions of the water table within the South and West water budget zones 
shown on Figure 6-15. In these areas, the water table expresses on the ground surface due to 
seepage from the dredge material placement area. The predicted seepage rates rise progressively 
throughout the campaign of dredge material disposal onshore, peaking as the campaign ceases. 
Thereafter the seepage rates decay over a period of five to ten years to about 200 to 400 kL/day. 
Predicted seepage rates above 1,000 kL/day occur for about one year.  
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Table 6-7 Predicted Transient Total Seawater Seepage 

Simulated Seawater Seepage 
(kL/day) 

Water Budget Zone Time 

Embankments 
Outside Perimeter of 

Embankments Totals 

30 15 288 303 

60 22 326 348 

101 36 500 536 

209 26 503 529 

301 47 768 815 

398 123 1,395 1,518 

485 163 1,696 1,895 

666 83 1,028 1,111 

786 68 904 972 

1,031 36 629 665 

5 years 11 382 393

10 years 4 276 280

50 years 2 203 205

The predicted seepage would be manifest as visible groundwater discharge where the rising water 
table intersects ground surface. Seepage discharge from the dredge material placement area is 
predicted to predominantly occur on the perimeter of the southern embankment. Substantially smaller 
scale seepage discharges occur on the perimeter of the western and natural dune sands 
embankments.  These seepage zones are all characterised by shallow water table settings that host 
limited storage potentials and form groundwater discharge zones.  Deposition and accumulation of salt 
is expected at locations where the seepage expresses on the ground surface. 

Within the Ashburton River Mouth Catchment (on the perimeter toe of the dune sands that form a 
natural embankment for the dredge material placement area) the predicted seepage footprint (Figure 
6-20, a to f) and seepage rates are comparatively small. Low rates of seepage discharge may, 
however, occur for up to ten years. Changes to the water and salt budgets of the Ashburton River 
Delta are anticipated to be insignificant.  
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The simulated seepage rates are sufficiently low that they may be intercepted by evaporation and not 
express as significant surface water flows on the ground surface. Notwithstanding, the excavation of 
perimeter drains and provision for interception and collection of the seepage before it discharges 
beyond the Southwest Catchment would be appropriate.  

Table 6-8 Predicted Distribution of Seawater Seepage 

Simulated Seawater Seepage 
(kL/day) 

Water Budget Zone 

Embankments Outside Perimeter of Embankments 
Time 

South West  North 
West
Dune 

North East South West North
West
Dune 

North East 

30 2 - - 6 8 165 8 17 52 47 

60 2 - - 6 16 173 8 17 41 88 

101 6 - - 6 27 307 8 17 32 137 

209 3 - - 6 17 273 8 43 57 122 

301 8 20 4 4 12 391 114 77 65 121 

398 23 12 22 13 53 771 82 192 94 257 

485 44 44 29 9 39 1,017 217 190 66 206 

666 9 20 24 5 25 509 129 177 42 171 

786 6 14 23 4 20 430 111 175 33 155 

1,031 4 11 5 3 13 353 37 94 21 124 

5 years 2 2 2 1 4 254 4 52 7 65 

10 years 29 1 1 - 1 214 1 26 3 31 

50 years 2 1 - - - 188 2 4 - 9 

6.3.2 Seepage Prediction Uncertainties 
The groundwater flow model hosts several assumptions that may influence the predictive outcomes, 
particularly in the context of seepage rates. Therefore, several sensitivity simulations have been 
completed to quantify the uncertainty in the predicted seepage rates. 

The potential occurrence of seepage is linked to several factors including: 

 Perimeter embankment designs and characteristics, particularly related to water retention and 
throughflow characteristics. 

 Approach to dredge cuttings deposition, with beach-head locations and beach angles. 
 Effective hydraulic conductivity of the emplaced dredge materials. 
 Effective vertical hydraulic conductivity transmissivity of the dune sands and Ashburton River Delta 

alluvium beneath the placement area. 
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 Effective transmissivity of the dune sands and Ashburton River Delta alluvium in areas adjoining 
the dredge material placement area. 

 Rates and extinction depth of evaporation from the beached dredge material. 
 Lengths of flow paths from recharge sources to discharge zones.  

Table 6-9 outlines the selected sensitivity parameters applied to the seepage simulations. 
Summarised results of the sensitivity simulations are shown in Table 6-10. The findings of the 
sensitivity analyses show a limited range of seepage rates.    

Table 6-9 Sensitivity Parameters 

Parameterisation Model Parameter 

Base Case Sensitivity 
Case

Dune Sands Lateral Hydraulic Conductivity (m/day)  2 4
Embankment Lateral Hydraulic Conductivity (m/day) 0.2 2
Ashburton River Delta Alluvium Lateral Hydraulic Conductivity (m/day)  0.4 2 
Clay Pan Lateral Hydraulic Conductivity (m/day)  0.4 2

Table 6-10 Comparative Peak Seepage Rate Predictions 

Simulated Peak Seawater Seepage 
(kL/day) 

Water Budget Zone 

Embankments Outside Perimeter of Embankments 

South West  North 
West
Dune 

North East Total South West North
West
Dune 

North East Total 

Base Case 

111 154 77 29 55 426 1,107 217 192 94 257 1,895 

Dune Sands Lateral Hydraulic Conductivity 4 m/day 

111 154 77 29 55 426 1,015 259 311 150 311 1,840 

Embankment Lateral Hydraulic Conductivity 2 m/day 

363 570 287 29 202 1,451 1,002 212 199 106 298 1,642 

Ashburton River Delta Alluvium and Clay Pan Lateral Hydraulic Conductivity 2 m/day 

111 154 77 29 55 426 522 292 278 106 710 1,557 
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6.3.3 Presence of the Plant Pad Infrastructure  
Construction of the Plant Pad, including the dredge material placement area, would alter the natural 
drainage lines and water balance.  Mounding of the water table is predicted to initially occur due to the 
dredge material placement area. This occurrence may mask initial mounding linked to the presence of 
the Plant Pad. Potential changes to the water table due to presence of the Plant Pad and associated 
altered landforms include: 

 Raised landforms promoting increased recharge and consequent localised mounding of the water 
table.

 Changes in local hydraulic gradients and groundwater flow directions. 

The water table mound elevation is expected to be highest at the end of the dredge material disposal 
campaign and thereafter progressively decay.  

The groundwater flow model has been applied to simulate the long-term revised water balance linked 
to the presence of the Plant Pad infrastructure inclusive of the dredge material placement area. 
Predictive simulations provide longer-term snapshots of the water table elevation and mounding at 
times five, ten and 50 years after commencement of the dredge material placement. The predictive 
snapshots of water table elevations and mounding are shown on Figure 21 (a to c) and Figure 22(a to 
c). Ultimately, a comparatively small-scale residual steady-state water table mound is predicted to 
occur beneath the dredge material placement area.  After 50 years, the water table is predicted to 
have decayed to a steady-state with subtle (about 0.5 to 1.0 m height) local mounding above the 
baseline water table elevations.  

In the absence of the onshore dredge material placement area, a comparatively small water table 
mound (less that 0.5 m height) may develop beneath the Plant Pad. This mound would tend to 
conform to the topography of the elevated platform of the Plant Pad and closely mimic the baseline 
groundwater flow directions. 

6.3.4 Operational Spills and Leaks  
Leaks and spills may occur during the construction, commissioning, operations and decommissioning 
phases of the Project. Leaks and spills may occur in association with pipeline or equipment failure, 
storage and handling of product, fuels and chemicals, waste storage and disposal. There is also 
potential for spills and leaks of hydrocarbons, wastes and other hazardous materials during transport 
and transfer of products. The interception of leaks and spills is addressed in the spill containment 
design for the Plant Pad. 

Infiltration of hydrocarbons and other contaminants into the groundwater environment would have an 
adverse impact on local groundwater quality beneath the Plant Pad. Where contaminants enter the 
groundwater environment, subsequent transport to local groundwater discharge zones (both in 
terrestrial and marine settings) may occur. Contaminants from leaks and spills may enter the 
groundwater environment via: 

 Infiltration of runoff hosting contaminants. 
 Direct infiltration of contaminants to the water table during and after rainfall events. 
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The fate of contaminants that enter the water table will be dependent on the location of the source and 
local mounded configuration of the water table beneath the Plant Pad. Predicted water table 
elevations are shown on Figure 22 (a to c). Groundwater flow directions from beneath the Plant Pad 
are predominantly to the north and northeast, into the ocean and Hooley Creek West. Should onshore 
emplacement of dredge material occur, mounding of the water table in proximity to the dredge material 
placement area constrains flow to the Southwest Catchment. In the absence of the dredge material 
placement area, the constraints to groundwater flow and discharge within the Southwest Catchment 
would not occur.   

Transit times for contaminants in the groundwater environment would be comparatively slow, typically 
limited to tens of metres per year. Consequently, there would be time to intercept contaminants before 
the local groundwater enters discharge zones. 
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7
Conclusions

7.1 Baseline Groundwater Environment 

7.1.1 Hydrostratigraphy and Hydraulic Parameters 
The hydrostratigraphy and hydraulic parameters of the groundwater flow systems at Ashburton North 
have been determined by interpreting data collected during site investigations during 2009, which 
comprised drilling, testing and sampling 69 groundwater monitoring bores and 28 drive point 
piezometers. 

The interpreted hydrostratigraphy and associated hydraulic parameters (Table 7-1) are based on the 
local geological profiles intersected during the site investigations, which comprise: 

 Dune Sands (typical thickness 3 m; transmissivity 10 to 30 m2/day). 
 Ashburton River Delta Alluvium (typical thickness 20 m: transmissivity about 10 m2/day). 
 Ashburton River Delta Clay and Unconformity ((typical thickness 5 m; transmissivity 2 m2/day). 
 Trealla Limestone (typical thickness 10 m; transmissivity 50 m2/day). 

Table 7-1 Summary of Hydrostratigraphy and Hydraulic Parameters 

Aquifer Description Hydrostratigraphic Unit 

Broad Lithology Thickness (m) 

Effective 
Transmissivity 

(m2/day) 
Quaternary/Recent Superficial Formations 

Dune Sands Sands and Sandstones 3 12 - 24 
Ashburton River Delta 

Alluvium 
Silty and Sandy Clays, 
interbedded sand and 

clay  

20 10

Ashburton River Delta Clay 
and Unconformity 

Clay and Claystone 5  2

Tertiary Successions - Carnarvon Basin 
Trealla Limestone  Limestone 30 50

7.1.2 Groundwater Levels and Flow 
The water table elevation in the area is closely linked to topography, and groundwater flow directions 
are therefore a reflection of the surface water catchments. The highest water table elevation occurs 
beneath the dunes, with groundwater flow perpendicular to the dune crests towards the lowlands of 
the adjoining catchments. On the seaward side of the beach dunes, groundwater flows northwards, 
directly into the sea. In the deeper sections of the Ashburton River Delta alluvium and Trealla 
Limestone, the influence of the local topography remains evident but is increasingly masked by 
regional groundwater flow and density effects.  

The local groundwater environment is predominantly independent of and isolated from tidal influences; 
however, groundwater levels in the confined aquifer formed by the Trealla Limestone are responsive 
to changes in barometric pressure.  
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Ashburton North is predominantly a groundwater discharge zone associated with the regional 
Carnarvon Basin successions. All shallow soils and sediments intercepted during the site 
investigations are interpreted to be accumulating salt, thus indicating low rates of net recharge and the 
predominant occurrence of groundwater discharge. 

Because of the saline to hypersaline groundwater in the area, measured groundwater levels need to 
be converted to environmental heads in order to compensate for vertical density stratification caused 
by differences in groundwater salinity. The interpreted environmental heads confirm that groundwater 
levels are sub-parallel to topography, with higher groundwater elevations (mounds) beneath the 
dunes, and vertically upward groundwater flow from the Trealla Limestone into the overlying 
sediments. 

High groundwater salinities and densities, combined with the vertically upward hydraulic gradients, 
appear to locally limit seawater intrusion into the shallow water table zones. Presumably, the 
seawater/groundwater interface occurs further offshore.   

7.1.3 Groundwater Quality 
Groundwater analyses indicate that the local groundwater is brackish to hypersaline, near neutral to 
slightly alkaline and a sodium-chloride type. The distribution of TDS in the groundwater shows a 
vertical salinity stratification, with the Trealla Limestone containing hypersaline (156,000 to 200,000 
mg/L TDS) groundwater and salinity gradually reducing upwards (50,000 to 150,000 mg/L in the 
Ashburton River Delta alluvium; 20,000 to 120,000 mg/L in the dune sands) in the shallow 
hydrostratigraphic units.  

Dissolved metals also occur in groundwater from most monitoring bores, with chromium, copper, 
nickel and zinc detected at the highest concentrations. In many of the monitoring bores, dissolved 
metal concentrations in the groundwater are above the marine ANZECC Guidelines. The 
comparatively high dissolved metals concentrations are commensurate with the accumulation of salt in 
the local groundwater environment and the high groundwater salinity. 

7.2 Groundwater Impacts Assessment  
Construction of the Plant Pad, Shared Infrastructure Corridor and Accommodation Village would alter 
the local catchments, promote increased recharge and subsequently change water table elevations. 
There is potential to alter groundwater flow directions, hydraulic gradients and groundwater quality.  

The potential groundwater impacts may be linked to different aspects and stages of the Project 
development, including: 

 Construction earthworks – dredge material placement area. 
 Presence of the Plant Pad infrastructure – mounding of the water table. 
 Operations – spills and leaks.  

The methodology for the assessment of impacts on the groundwater focuses on the differences 
between the interpreted baseline groundwater levels and groundwater quality and any altered 
groundwater environments linked to developments at Ashburton North. For the impact assessments, 
the infrastructure predominantly includes the option of onshore dredge material emplacement as this 
presents a potential worst-case groundwater impact.  
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Potential impacts on groundwater levels have been assessed based on the interpretation of baseline 
data and simulation of the aspects of the Project that may influence the groundwater environment. A 
groundwater flow model has been developed, calibrated to the baseline water table and subsequently 
adapted to incorporate key elements of the Project infrastructure (predominantly the dredge material 
placement area). Subsequently, the model has been applied to predict the changes to the baseline 
groundwater environment that would be imposed by the Project. 

7.2.1 Construction Earthworks – Dredge Material Placement Area 
The potential dredge material placement area would be contained by perimeter embankments, except 
where the dune terrain provides a natural embankment.  Up to 10 Mm3 dredged material and 50 GL of 
seawater may be hosted within the dredge material placement area. The perimeter embankments 
would be constructed using suitable fill and compacted materials. Notwithstanding, the dredge 
material placement area is predicted to impose changes on the baseline groundwater environment, 
including:

 Mounding of the water table. 
 Increased salt loadings to the water table. 
 Seepage of seawater. 

Mounding of the Water Table  
The predictive simulations show the occurrence of mounding of the water table due to loadings from 
and infiltration of seawater. Initial mounding occurs from vertical infiltration, with saturation of the 
available storage in the dredge material, dune sands and Ashburton River Delta alluvium beneath the 
dredge material placement area.  Subsequently there is both vertical and lateral flow within the dune 
sands and Ashburton River Delta alluvium beneath the placement areas embankment perimeters.  

The predictive simulations show: 

 The simulated water table is locally mounded beneath the dredge material placement area in the 
short-term after commencement of dredge material placement.  

 The simulated maximum mound elevation is about 6.0 m AHD, compatible with the top elevation of 
the emplaced dredge material. 

 The mounding of the water table is predominantly constrained to the vicinity of the dredge material 
placement area, embankments and adjacent dune terrain. 

 The mounding preferentially occurs in the dune sands, a reflection of the available storage above 
the baseline water table and effective transmissivity of the saturated profiles.  

 The mounded water table radiates from the dredge material placement area. 
 Outside of the dredge material placement area, residual heads typically occur up to 0.5 m above 

the baseline water table elevation. 
 The mounding of the water table leads to subtle changes in groundwater flow directions and zones 

of discharge. 
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Increased Salt Loadings to the Water Table 
The mounded water table in the immediate vicinity of the dredge material placement area is likely to 
predominantly initially host seawater. The salinity of seawater is about 33,000 mg/L TDS. The baseline 
salinity of the shallow groundwater beneath the placement area is saline to hypersaline, ranging from 
20,000 to 150,000 mg/L. As such, it is estimated that the initial infiltration from the dredge material 
placement area may typically be of lower salinity than that of the baseline groundwater environment. 
Over time, however, depending on the concentration effects of evaporation, rates of consolidation of 
the emplaced dredge material and rates of rainfall infiltration, the salinity of infiltrates may change and 
be variable as the salt in storage above the water table is dissolved and mobilised by rainfall 
infiltration.

Seepage of Seawater 
The vertical and lateral groundwater flows from the dredge material placement area manifest as 
seepage through and on the perimeter of the facility embankments. The seepage expresses at the 
water table and on the ground surface outside of the dredge material placement area.  The predictive 
simulations show total seepage from the dredge material placement area peaks at a rate of about 
2,200 kL/day, with contributions including: 

 About 200 kL/day through the facility embankments (Table 7-2). 
 Up to about 1,900 kL/day that propagates through the base of the facility, predominantly into the 

Ashburton River Delta alluvium and to a lesser extent into the dune sands and manifests as 
seepage on the embankment perimeters (Table 7-2).  

 A variable portion of the seepage manifest as changes (increases) in storage beneath the 
mounded water table and increased groundwater through-flow in the water table zone and at depth 
linked to higher local hydraulic gradients.  

The predicted seepage rates rise progressively throughout the campaign of dredge material disposal 
onshore, peaking as the campaign ceases. Thereafter the seepage rates decay over a period of five to 
ten years to about 200 to 400 kL/day. Predicted seepage rates above 1,000 kL/day occur for about 
one year. 

Table 7-2 Simulated Peak Seawater Seepage 

Simulated Peak Seawater Seepage 
(kL/day) 

Water Budget Zone 

Embankments Outside Perimeter of Embankments 

South West  North 
West
Dune 

North East Total South West North
West
Dune 

North East Total 

44 44 29 13 53 163 1,107 217 192 94 257 1,895 
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The predicted seepage would be manifest as visible groundwater discharge where the rising water 
table intersects ground surface. Seepage discharge is predicted to predominantly occur on the 
perimeter of the southern embankment. Substantially smaller scale seepage discharges occur on the 
perimeter of the western and natural dune sands embankments.  Deposition and accumulation of salt 
is expected at locations where the seepage expresses on the ground surface. 

Within the Ashburton River Mouth Catchment (on the perimeter toe of the dune sands that form a 
natural embankment for the dredge material placement area) the predicted seepage footprint (Figure 
6-20) and seepage rates are comparatively small. Low rates of seepage discharge may, however, 
occur for up to ten years. Changes to the water and salt budgets of the Ashburton River Delta are 
anticipated to be insignificant.  

7.2.2 Presence of the Plant Pad Infrastructure  
Predictive simulations provide snapshots of the water table elevation and mounding at times five, ten 
and 50 years after commencement of the dredge material placement.  Mounding of the water table is 
predicted to initially occur due to the dredge material placement area.  Ultimately, a comparatively 
small-scale (about 0.5 to 1.0 m height) local residual steady-state water table mound is predicted to 
occur beneath the dredge material placement area.  This residual mound is likely due to the lengthy 
and radial flow paths for seawater contained within the dredge material placement area.  

In the absence of the onshore dredge material placement area, a comparatively small water table 
mound (less that 0.5 m height) may develop beneath the Plant Pad.  

7.2.3 Operational Spills and Leaks  
The interception of leaks and spills is addressed in the spill containment design for the Plant Pad. 
Notwithstanding, contaminants from leaks and spills may enter the groundwater environment via: 

 Infiltration of runoff hosting contaminants. 
 Direct infiltration of contaminants to the water table during and after rainfall events. 

The fate of contaminants that enter the water table will be dependent on the location of the source and 
local mounded configuration of the water table beneath the Plant Pad Groundwater flow directions 
from beneath the Plant Pad are predominantly to the north and northeast, into the ocean and Hooley 
Creek West. Transit times for contaminants in the groundwater environment would be comparatively 
slow, typically limited to tens of metres per year. Consequently, there would be time to intercept 
contaminants before the local groundwater enters discharge zones.  
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Limitations

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and 
thoroughness of the consulting profession for the use of Chevron Australia and only those third parties 
who have been authorised in writing by URS to rely on the report. It is based on generally accepted 
practices and standards at the time it was prepared. No other warranty, expressed or implied, is made 
as to the professional advice included in this report. It is prepared in accordance with the scope of 
work and for the purpose outlined in the Proposal dated January 2009. 

The methodology adopted and sources of information used by URS are outlined in this report. URS 
has made no independent verification of this information beyond the agreed scope of works and URS 
assumes no responsibility for any inaccuracies or omissions. No indications were found during our 
investigations that information contained in this report as provided to URS was false. 

This report was prepared between July 2009 and May 2010 and is based on the conditions 
encountered and information reviewed at the time of preparation. URS disclaims responsibility for any 
changes that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any 
other context or for any other purpose or by third parties. This report does not purport to give legal 
advice. Legal advice can only be given by qualified legal practitioners. 
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 in Dune Sands 

(June to November 2009)
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 Dune Sands Monitoring Bore

Measured TDS Concentration (mg/L)

 Cross Section Lines

Indicative Terrestrial Project Area
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Groundwater TDS in Ashburton 
River Delta Alluvium 

(June to November 2009)
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(June to November 2009)
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Legend

 Trealla Limestone Monitoring Bores

Measured TDS Concentration (mg/L)

  Cross Section Lines

Indicative Terrestrial Project Area

Source: Landgate Imagery 2007
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Appendix F EC Profiles Phase 1 and Phase 2 
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URS Australia Pty Ltd 
Level 3, 20 Terrace Road 
East Perth WA 6004 
Australia
T: 61 8 9326 0100 
F: 61 8 9326 0296 

www.ap.urscorp.com 



Chevron Australia Pty Ltd
ABN 29 086 197 757

250 St Georges Terrace 
Perth WA 6000
Australia

Tel: + 61 8 9216 4000
Fax: +61 8 9216 4444
Email: ask@chevron.com
www.chevronaustralia.com


