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1.0 INTRODUCTION

The Gorgon Joint Venturers are committed to conducting activities associated with the
proposed Gorgon Development in an environmentally responsible manner; and intend to
implement best practice environmental management as part of a program of continuous
improvement. This will be achieved by addressing issues systematically, consistent with
internationally accepted standards and the Chevron Operational Excellence
Management System. Chapter 16 of the Draft EIS/ERMP outlines the key elements of
the proposed Gorgon Health, Environment and Safety Management System.

An important element of this systematic approach is the development of detailed
environmental management procedures to guide construction, commissioning, operation
and emergency response activities. These procedures will incorporate the proposed
environmental management safeguards outlined in the Draft EISJERMP and will be
documented via an integrated series of documents; the first step of which is this
Framework Environmental Management Plan (the Framework EMP), as represented in
Figure 1.

FRAMEWORK EMP DETAILED EMP SERIES CONTRACTORS’ EMIPs
. ({Approved prior to activity {Finalised prior to activity
ihgRoe nent execution) execution)

Figure 1: Phases of EMP Development

This Framework EMP compliments the material presented in the main body of the Draft
EIS/ERMP as it brings together activity-specific environmental management and
protection measures currently under consideration. The document has been structured
to address the major Development activities associated with construction and
commissioning (e.g. drilling, pipe laying and earthworks) and the major Development
components (e.g. offshore wells, feed gas pipeline and gas processing facility). A matrix
of activities and components is provided in Attachment 1.

The core of this Framework EMP is the set of environmental protection and management
measures to avoid, reduce or mitigate impacts (refer to Section 3).

This document has a specific lifespan in its current form. Its purpose is to provide
stakeholders with the opportunity to better understand the management measures
proposed for construction and commissioning of the Gorgon Development. Following
review of the Draft EIS/ERMP by the public and regulatory agencies, the Framework
EMP will be used as a basis for, and be superseded by, the detailed EMP series. These
Plans will in turn be used as the basis for the Contractors’ Environmental Management
Implementation Procedures (EMIPs), as outlined below.

The Joint Venturers will adopt management measures outlined in this Framework EMP
to avoid or mitigate environmental impacts. The Development is currently in the early
design phase with less than 10% of engineering design completed to date. As detailed
design progresses it may become necessary to modify proposed management
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strategies, particularly those with an engineering element. If this occurs, alternative
management strategies that achieve the stated environmental objectives and outcomes
will be developed. The Joint Venturers are confident that the Gorgon HES Management
System and the Environmental Management Plans and procedures will provide an
effective approach for protecting the conservation values of Barrow Island and the
proposed Development area.

The Detailed EMP Series

The detailed EMPs will guide the activities of specific workforce groups working on
particular components of the Development (i.e. dredging and spoil disposal and onshore
feed gas pipeline construction). They will address normal operations, unplanned
incidents and emergency situations.

The Plans will be developed and documented through a systematic and consultative
process to address environmental factors and risks identified during the environmental
impact assessment phase. The documents will be prepared to the satisfaction of the
Commonwealth Department for the Environment and Heritage (DEH) and the Western
Australian Environmental Protection Authority (EPA), upon advice from relevant
regulatory agencies.

Detailed EMPs will be prepared progressively in the lead-up to the specific activity taking
place. That is, some detailed EMPs, such as those for preparation of the Gas Processing
Facility site, will need to be prepared in draft form prior to Ministerial approval of the
Gorgon Development, as the activities will need to commence shortly after approval.
Detailed EMPs for other activities, such as drilling or construction of the domestic gas
pipeline, will not need to be prepared until after this time, as the activity may not occur for
12 months or more, and will be more meaningful when a greater level of engineering
detail is available.

Operations EMPs will be developed during the late construction phase. Similarly, the
Decommissioning EMPs will be prepared at an appropriate stage during the operation
phase.

The detailed EMPs will build on the material contained in the Draft EIS/ERMP (including
this Appendix) and include more detailed location-specific engineering and
environmental information. In addition, the detailed EMPs will be prepared with input
from government agencies and in consideration of public comment; and will incorporate
conditions of approval and relevant legislative requirements and industry standards
(Figure 2).
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Detailed EMPs will cover all Development components. An indicative breakdown of the
detailed EMPs is listed in Table 1. The final structure will be determined during the
detailed design phase in conjunction with the design and construction contractor, to the
satisfaction of the EPA and DEH.

Table 1: Detailed EMP Series

EMP Title of Detailed EMP Document
1 Upstream Field Infrastructure (Manifolds and Flowlines)
2 Offshore Feed Gas Pipeline
3 Onshore Feed Gas Pipeline
4 Gas Processing Facility, Camp & Associated Infrastructure
5 Port Facilities (Materials Offloading and LNG Jetty)
6 Dredging and Dredge Spoil Disposal
7 Drilling (Offshore)
8 CO2 Injection System (Pipeline and Wells)
9 Domestic Gas Pipeline & Associated Infrastructure
10 Greenhouse Gases
11 Optical Fibre Cable
12 Mainland Supply Base
13 Quarantine Management
14 Waste Management
15 Spill Contingency and Response
16 Cultural Heritage Management
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Contractor EMIPs

Environmental Management Implementation Procedures (EMIPs) will be prepared by the
design and construction contractors. The EMIPs will be internal project documents that
will build on the environmental protection measures contained in this Framework EMP
and the detailed EMPs approved by agencies. The procedures will be finalised and
approved by the Gorgon Joint Venturers prior to the construction activity being
undertaken.

1.1 Environmental Objectives
This Framework EMP and the subsequent detailed EMP series and contractor EMIPs

aim to achieve the environmental, social and economic objectives presented in Chapters
10 to 15 of the Draft EIS/ERMP. These objectives are collated in Boxes 1 and 2.

Box 1: Environmental Objectives

Environmental
Factor

Management Objective

Flora and Vegetation
Communities

To maintain the abundance, diversity, geographic distribution and productivity
of flora through the avoidance or management of adverse impacts and
improvement in knowledge

To protect EPBC Act listed threatened and migratory species

To protect Declared Rare and Priority Flora, consistent with the provisions of
the Wildlife Conservation Act 1950

Terrestrial Fauna

To maintain the abundance, diversity, geographic distribution and productivity
of fauna at species and ecosystems levels through the avoidance or
management of adverse impacts and improvement in knowledge

To protect EPBC Act listed threatened and migratory species

To protect Specially Protected (Threatened) Fauna, consistent with the
provisions of the Wildlife Conservation Act 1950

Subterranean Fauna

To maintain the abundance, diversity, geographic distribution and productivity
of fauna at species and ecosystem levels through the avoidance or
management of adverse impacts and improvement in knowledge

To protect EPBC Act listed threatened and migratory species

To protect Specially Protected (Threatened) Fauna, consistent with the
provisions of the Wildlife Conservation Act 1950

Soil and Landform

To maintain the integrity, ecological functions and environmental values of soil
and landform

Foreshore

To maintain the integrity and stability of beaches

Water (Surface or
Ground)

To maintain the quantity and quality of water so that existing and potential
environmental values, including ecosystem function, are protected
To minimise the potential for erosion due to stormwater flow

Marine Fauna

To maintain the abundance, species diversity, geographic distribution and
ecological functions of marine faunal communities

To ensure that any impacts on locally significant marine communities are
avoided, minimised and/or mitigated.

To protect EPBC Act listed threatened and migratory species

To protect Specially Protected (Threatened) Fauna consistent with the
provisions of the Wildlife Conservation Act 1950

Marine Flora
(mangroves, corals,
seagrasses and
algae)

To maintain the ecological function, abundance, species diversity and
geographic distribution of mangrove, coral, seagrass and other benthic primary
producer communities and their habitats

Benthic Habitats
Intertidal Zone

To maintain the ecological functions and environmental values of marine
benthic habitats and the subtidal and intertidal zones
To protect EPBC Act listed threatened and migratory species

Air Quality

To ensure that atmospheric emissions do not adversely affect environment
values or the health, welfare and amenity of people and land uses by meeting
statutory requirements and acceptable standards

© CHEVRON PTY LTD
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Environmental

Management Objective

Factor
Greenhouse Gas To minimise greenhouse gas emissions to levels as low as practicable on an
Emissions ongoing basis and consider offsets to further reduce cumulative emissions
Ozone Depleting To minimise emissions of ozone depleting substances to levels as low as
Substances practicable on an ongoing basis

Noise and Vibration

To avoid adverse noise and vibration impacts to fauna

To ensure that noise impacts emanating from the proposed plant comply with
statutory requirements specified in the Environmental Protection (Noise)
Regulations 1997

Light

To avoid or manage potential impacts from light overspill and comply with
acceptable standards

Liquid and Solid
Waste Disposal

To ensure that liquid and solid wastes do not adversely affect groundwater or
surface water quality or lead to soil contamination

Leaks and Spills

To ensure hydrocarbons and other chemicals are handled and stored in a
manner that minimises the potential impact on the environment through leaks,
spills and emergency situations

Box 2: Social and Economic Management Objectives

Social and
Economic Factor

Social and Economic Management Objective

Local Communities

To maximise social enhancement opportunities dependant on the Development
while minimising and mitigating adverse impacts

Cultural Heritage

To avoid or minimise impacts to Aboriginal and non-Indigenous cultural
heritage sites

To ensure that the proposal complies with the requirements of the Aboriginal
Heritage Act 1972

To ensure that the proposal complies with the requirements of the Heritage of
Western Australia Act 1990

To ensure that the proposal complies with the requirements of the Historic
Shipwrecks Act 1976

Native Title

To ensure that the proposal complies with the requirements of the Native Title
Act 1993

Workforce and Public
Health and Safety

To ensure that the risk to the workforce and public is as low as reasonably
practicable

Economic To maximise the contribution to economic development of the region, state and
Development nation
Community To maximise the contribution to community development

Development

1.2 Staff Resourcing, Competence, Organisation and Reporting

Structure

Adequate staffing resources will be committed to prepare and implement the detailed
EMPs and monitor and audit the effectiveness of the environmental management and
protection procedures. The Gorgon Development Team and the contractors will develop
and hire personnel with clearly defined responsibilities and authority levels. Personnel
with responsibilities for specific environmental practices will have both the necessary
education and training to ensure effective implementation of the work.

A simple and functional organisation and reporting structure will be established that
reflects the hierarchy of responsibility for environmental management. This will be
documented in the detailed EMPs.
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1.3 Induction and Training

All Gorgon Development and contractor personnel will attend a Development orientation
and induction presentation prior to commencing work on the site. All orientation and
induction will contain HES requirements relevant to the specific development component
or activity.

The purpose of the inductions is to ensure that all personnel understand their
environmental responsibilities and are fully aware of the management and protection
measures required to reduce the potential impact on the environment in the
Development area prior to the commencement of construction, commissioning and
operations. As part of the induction process, the environmental sensitivities of the Barrow
Island and surrounding areas will be described, the environmental aims and objectives
explained, and the measures in place to achieve those aims and objectives, will be
outlined.

Personnel with environmental-specific responsibilities will have appropriate qualifications
and experience and will be adequately trained to ensure effective implementation of the
work they have been assigned.

Compliance with HES requirements will be a condition of employment and requirements
will be incorporated into job specifications. For contractors, compliance with the detailed
EMPs will be part of the contractor selection process and a condition of contracts.

1.4 Continuous Improvement and Adaptive Management

The Gorgon Joint Venturers have adopted an environmental management approach that
is consistent with the recognised international standard AS/NZS I1SO 14001:2004,
Environmental Management Systems — Specification with Guidance for Use (ISO
14001).

This standard identifies the continuous improvement process as:

. identifying areas of opportunity for the improvement of the environmental
management system which leads to improved environmental performance

. determining the root causes of non-conformities or deficiencies

. developing and implementing a plan or corrective and preventative action to
address root causes

. verifying the effectiveness of the corrective and preventative actions

. documenting any changes in management measures resulting from process
improvement

. making comparisons with objectives, goals and targets.

Through the process of staff training, site inductions, monitoring, auditing, corrective
actions and the inclusion of any new environmental management procedures and
initiatives, the detailed EMPs and Contractors’ EMIPs will be periodically reviewed and
improved to ensure stated performance objectives and standards are achieved. The
flexibility of incorporating new information into this process will allow the Gorgon
Development to adapt and best achieve world-class environmental performance.

1.5 Management of Change

The Gorgon Joint Venturers have an established and documented Management of
Change procedure. This procedure will be applied to the Development concept and
engineering design. It will also be applied to the proposed environmental management

© CHEVRON PTY LTD PUBLIC APPENDIX A1 - PAGE 8
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measures and detailed procedures, to ensure due consideration of all relevant issues.
Such changes may arise from modification to the design as well as from the results of
additional environmental surveys and monitoring. As part of this process, alternative
environmental management strategies will need to achieve the stated environmental
objectives and outcomes.

Any changes to management measures which result in a change to the assessed
environmental impact will be referred to DEH and the EPA. Any changes which require a
change in a condition of approval will be assessed by DEH and the EPA before being
considered by the relevant Ministers.

2.0 DEVELOPMENT COMPONENTS AND ACTIVITIES

Chapter 6 of the Draft EISJERMP details the major components that comprise the
Gorgon Development and describes the construction activities required to install these
components. These are listed in Table 2, and a matrix is presented in Attachment 1.

Each activity presents a range of potential environmental hazards. Section 3 of this
Framework EMP outlines proposed management measures to avoid, reduce or
rehabilitate potential impacts associated with each activity. The measures are structured
by activity or stressor, and are presented in this format to facilitate review as part of the
environmental impact assessment process. The measures will be incorporated into the
detailed EMPs which, as outlined in Table 1, will generally be structured by Development
component. That is, Section 3 does not explicitly provide management measures for
pipeline construction (for example), but for the conduct of pipeline personnel, earthworks,
waste management etc.; all of which will be included in the Onshore Feed Gas Pipeline
EMP.

Table 2: Development Components and Activities

Development Components Construction Activities
o Wells e  General conduct of personnel
e Field infrastructure e Drilling
(manifolds, flowlines) e  Subsea installation
e Feed gas pipeline e Pipelaying
e Gas processing facility e  Horizontal directional drilling
e  Construction Village « Piling
o Port facilities « Traffic and access management
(MOF, barge landing, jetty, shipping channel, e Earthworks (clearing and grading)
turning basin) e Blasting (noise and vibration)
e Condensate load-out e Air and dust generation
o  Optical fibre cable e Lighting
o Domestic gas pipeline and associated | ¢ Material import (Qquarantine management)
infrastructure e Dredging and dredge spoil disposal
o Power and water facilities ¢ Waste management
e Access roads e  Spill contingency and response
e Airport modifications e  Shipping and navigation
e CO; Injection system e  Rock dumping/placement
(pipeline, wells, monitoring) o Facility testing
e Mainland supply base e Clean-up and rehabilitation
e Incident management

© CHEVRON PTY LTD PUBLIC APPENDIX A1 - PAGE 9
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3.0 ENVIRONMENTAL PROTECTION AND MANAGEMENT
MEASURES

3.1 General Conduct of Development Personnel

The following measures shall apply to all construction personnel. They are primarily
focussed on Barrow Island based Development components but shall be applied to all
relevant workforces:

. Only authorised personnel shall be allowed on the work site.

. Development personnel shall not bring firearms or pets onto or adjacent to the site.

. Construction personnel shall confine their activities and equipment to approved
and designated work site areas.

. Recreation shall be restricted to designated areas at selected times (e.g. workforce
access to beaches shall be controlled).

. In accordance with CALM Act regulations, Development personnel shall not collect
shells (dead or alive).

. Fishing or recreational boating shall be prohibited during the construction phase of
the Development.

= Recreational facilities shall be provided within the construction village to limit

requirement for recreational activity outside of the construction village.

. Wildlife (including marine fauna) shall not be fed, or harassed, and shall not be
unnecessarily injured or killed.

. Vehicle speeds shall be restricted to a maximum of 60 km/hr in daylight and 40
km/hr at night.

. Personnel shall manage general rubbish in accordance with Section 3.15.

. To minimise the risk of fires due to smoking, designated work areas shall have
facilities to receive cigarette butts. Matches shall be banned.

. Personnel shall be required to minimise interference with existing Barrow Island
Lease operations (i.e. no parking or blocking access, marking and avoiding
production flowlines, waterlines and powerlines).

. Job Hazard Analysis (JHAs) shall be prepared with appropriately trained personnel
and equipment to undertake identified task(s).

. ‘Tailgate meetings’ shall be regularly scheduled with work crews, where current or
specific environmental, health and safety issues shall be discussed.

3.2 Drilling

The following management measures will be applied to drilling offshore and onshore
wells, as appropriate. Separate detailed EMPs will be prepared prior to regulatory
approval for the respective drilling programs. Measures to be applied to Horizontal
directional drilling (HDD) are outlined in 1.0.

. Legislative requirements (including MARPOL requirements) for ballast water,
discharge criteria, garbage, harmful substances and sewage management) shall
be met. Biodegradable detergents shall be used onboard.

- Offshore discharge (>12 NM from land) of treated sewage shall be conducted in
accordance with Commonwealth P(SL)A clause 222 and MARPOL 73/78.
. Drilling rigs and support vessels shall meet regulatory requirements for quarantine

clearance where the rig or vessels are sourced from outside Australian waters (to
prevent potential introduction or translocation of undesirable species and diseases
in ballast water or marine surfaces).

© CHEVRON PTY LTD PUBLIC APPENDIX A1 - PAGE 10
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. Drilling rigs shall have adequate safety systems such as blowout preventers,
alarms and automated shutdown devices in accordance with regulatory and
industry standards, and for which adequate maintenance and testing programs are
in place.

. Spill Contingency Plans (SCP) shall be developed for potential spill scenarios.
Offshore hydrocarbon spill response shall be in accordance with the Gorgon
Development SCP approved by the DolR. The contractor's SCP shall bridge to the
operator’s Plan to ensure an effective, integrated response to any hydrocarbon

spill.

. All rig and support vessel navigation crews shall be qualified under the Flag State
and International regulations and duly certified to perform their duties.

. Prior to the start of any operations, agreement shall be reached with the Harbour

Master and Pilots/Vessel Masters on procedures and communications (VHF
channel, Barrow Island/Gorgon dedicated channels, etc.) to be used on the
Development.

. A ‘Notice to Mariners’ shall be prepared and posted to provide advance notification
of the rig’s planned location to the local fishing industry, the public and other
affected parties.

. Radio watch on shipping traffic and fishing vessel movements shall be undertaken.

. The Australian Maritime Safety Authority (AMSA) shall be notified of the rig's
location (and anchor distances).

- Sensitive marine fauna activities (e.g. nesting, migration) shall be considered when
planning drilling, piling and dredging plans and operations.

. A marine mammal observation program shall be developed prior to the
commencement of drilling activities.

. Specific navigation routes and flight paths and operating procedures shall be
developed for supply vessels and helicopters that minimise impact on wildlife.

. Onshore and Offshore rigs shall have safe operating procedures in place which

meet regulatory and industry standards (including chemicals and waste
management aspects, etc.).

. Drilling rigs shall have efficient solids control and mud recirculation systems which
maximise recycling of drilling fluids.
. Drilling rigs shall have adequate on-board comminution, containment, drainage and

monitoring systems to prevent overboard discharges of unauthorised effluents (eg.
hydrocarbon or chemical contaminated effluents, whole food scraps and sewage,
etc.).

. Specialised drilling methods shall be undertaken to avoid impacts to highly valued
resources (eg. directional drilling, etc.).

. Special drilling methods shall be undertaken to minimise total discharges to sea
(eg. Step-out wells, directional drill).

. Low toxicity, water-based drilling fluid formulations shall be used as far as
practicable.

. Oil-based mud formulations shall not be used. Where required fluid properties
cannot be achieved using a water-based drilling fluid, a synthetic fluid which is of
low toxicity, biodegradable and non-accumulative shall be used.

. A marine safety zone shall be in place for the proposed Development (500 m
radius around surface and sub-surface equipment and structures such as pipelines
and jetties). This safety zone shall be gazetted under Section 119 of the
Commonwealth P(SL)A, and will appear on Australian navigation charts.
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3.3 Subsea Installation

The upstream subsea equipment (i.e. located over the Gorgon field) includes subsea
trees, manifolds, flowlines and associated equipment. Management measures
associated with the installation of the Gorgon pipelines are outlined Section 3.4.

The following environmental protection measures will be undertaken:

] Selection of foundation type, location and installation method will consider
environmental aspects.

. Equipment will be tested onshore as much as possible to minimise offshore work
activities.
= Legislative requirements (including MARPOL), for ballast water, discharge criteria,

garbage, harmful substances and sewage management shall be met.
Biodegradable detergents shall be used onboard.

. Offshore discharge (>12 NM from land) of treated sewage shall be conducted in
accordance with Commonwealth P(SL)A clause 222 and MARPOL 73/78.

. Installation vessels and support vessels shall meet regulatory requirements for
quarantine clearance where the vessels are sourced from outside (or relocated
within) Australian waters (to prevent potential introduction or translocation of
undesirable species and diseases in ballast water or marine surfaces).

. Installation vessels and support vessels shall have adequate safety systems such
as alarms and automated shutdown devices in accordance with regulatory and
industry standards, and for which adequate maintenance and testing programs are
in place.

. Oil Spill Contingency Plans (OSCP) shall be developed for potential spill scenarios.
Offshore hydrocarbon spill response shall be in accordance with the Gorgon
Development OSCP approved by the DolR. The contractor's OSCP shall ‘bridge’ to
the Joint Venturers’ to ensure an effective, integrated response to any spill.

. All installation vessel and support vessel navigation crews shall be qualified under
the Flag State and International regulations and duly certified to perform their
duties.

. Prior to the start of any operations, agreement shall be reached with the Harbour
Master and Pilots/Vessel Masters on procedures and communications (VHF
channel, Barrow Island/Gorgon dedicated channels, etc.) to be used on the
Development.

. A ‘Notice to Mariners’ shall be prepared and posted to provide advance notification
of the installation vessel’s planned location to the local fishing industry, the public
and other affected parties.

. Radio watch on shipping traffic and fishing vessel movements shall be undertaken.

= The Australian Maritime Safety Authority (AMSA) shall be notified of the installation
vessel's location.

= Sensitive marine fauna activities (e.g. nesting, migration) shall be considered when
planning installation activities.

. A marine mammal observation program shall be developed prior to the
commencement of installation activities.

. Operating procedures shall be developed for supply vessels and helicopters to
reduce impact on wildlife.

. Installation vessels and support vessels shall have safe operating procedures in
place which meet regulatory and industry standards (including chemicals and
waste management aspects, etc.).

. Installation vessels and support vessels shall have adequate on-board
comminution, containment, drainage and monitoring systems to prevent overboard
discharges of unauthorised effluents (eg. hydrocarbon or chemical contaminated
effluents, whole food scraps and sewage, etc.).
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. A marine safety zone shall be in place for the proposed Development (500 m
radius around surface and sub-surface equipment and structures such as
flowlines, manifolds, wellheads, etc). This marine safety zone shall be gazetted
under Section 119 of the Commonwealth P(SL)A, and will appear on Australian
navigation charts.

3.4 Pipelaying

Environmental protection measures to be undertaken as part of the pipelaying activities
are outlined below. Measures proposed to manage rock dumping/placement associated
with pipeline construction are outlined in Section 3.5; while measures to manage
construction of the shore crossing are outlined in Section 3.6. Activities associated with
construction of the onshore section dealt with under a number of sections: primarily
general conduct (3.1); traffic and access (3.8); earthworks (3.9); blasting (3.10), dust
generation (3.11), material import (3.13) and waste management (3.15). These issues
will be brought together in a detailed EMP for the onshore feed gas pipeline.

. Selection of pipeline route, installation method and stabilisation technique will
include environmental aspects. Stabilisation technique is mainly driven by met-
ocean conditions at the site.

. Pipelines shall be separated by sufficient distance such that future pipelines can be
installed safely.

. Where anchors are required, anchor management plans will be developed to
ensure minimum impact on seabed features from anchors and potential anchor
chain scour.

. Legislative requirements, such as MARPOL requirements, for ballast water,
discharge criteria, garbage, harmful substances and sewage management shall be
met. Biodegradable detergents shall be used onboard.

. Offshore discharge (>12 NM from land) of treated sewage shall be conducted in
accordance with Commonwealth P(SL)A clause 222 and MARPOL 73/78.

. Pipelay barge and support vessels shall meet regulatory requirements for
quarantine clearance where the vessels are sourced from outside (or relocated
within) Australian waters (to prevent potential introduction or translocation of
undesirable species and diseases in ballast water or marine surfaces).

. Further Marine Cultural Heritage survey work shall be conducted during the
detailed engineering phase, as input to detailed EMP.
. Pipelay barge and support vessels shall have adequate safety systems such as

alarms and automated shutdown devices in accordance with regulatory and
industry standards, and for which adequate maintenance and testing programs are
in place.

. Spill Contingency Plans shall be developed for potential spill scenarios. Offshore
hydrocarbon spill response shall be in accordance with the Gorgon Development
Spill Contingency Plan (SCP) approved by the DolR. The contractor's SCP shall
‘bridge’ to the Joint Venturers’ to ensure an effective, integrated response to any
spill.

. All pipelay barge and support vessel navigation crews shall be qualified under the
Flag State and International regulations and duly certified to perform their duties.

. Prior to the start of any operations, agreement shall be reached with the Harbour
Master and Pilots/Vessel Masters on procedures and communications (VHF
channel, Barrow Island/Gorgon dedicated channels, etc.) to be used on the
Development.

. A ‘Notice to Mariners’ shall be prepared and posted to provide advance notification
of the installation vessel’s planned location to the local fishing industry, the public
and other affected parties.

© CHEVRON PTY LTD PUBLIC APPENDIX A1 - PAGE 13



GORGON DEVELOPMENT DOCUMENT NO:  GO-TE-H-0000-PLNX002

TITLE: APPENDIX A1: FRAMEWORK .
ENVIRONMENTAL MANAGEMENT PLAN DMSID:  GO-TE-H-0000-PLNX002
REVISION: 0

REVISION DATE: 12 AUGUST, 2005

. Radio watch on shipping traffic and fishing vessel movements shall be undertaken.
. The Australian Maritime Safety Authority (AMSA) shall be notified of the pipelay
barge’s location.

- Sensitive marine fauna activities (e.g. nesting, migration) shall be considered when
planning pipelaying activities.

. A marine mammal observation program shall be developed prior to the
commencement of pipelaying activities.

. Operating procedures shall be developed for supply vessels and helicopters to
reduce impact on wildlife.

. Pipelay barge and support vessels shall have safe operating procedures in place

which meet regulatory and industry standards (including chemicals and waste
management aspects, etc.).

. Pipelay barge and support vessels shall have adequate on-board comminution,
containment, drainage and monitoring systems to prevent overboard discharges of
unauthorised effluents (eg. hydrocarbon or chemical contaminated effluents, whole
food scraps and sewage, etc.).

. Pipeline hydrotesting is addressed in Section 3.17.

. A marine safety zone shall be in place for the proposed Development (500 m either
side of the pipeline corridor. This marine safety zone shall be gazetted under
Section 119 of the Commonwealth P(SL)A, and will appear on Australian
navigation charts.

3.5 Rock Dumping/Placement

The following environmental management and protection measures are proposed for
rock dumping/placement activities associated with pipeline stabilisation and construction
of the MOF:

. A suitably scaled map of the rock dumping/placement site (the relevant sector from
an AusMap), including a clear grid reference, showing bathymetric contours, the
boundaries of the site and distance from land shall be prepared. Particular
reference shall be made to specific marine zoning which may have a bearing on
the rock dumping/placement.

. The method(s) to be used in positioning the dumping vessel shall be identified.

. Details of the sea-bed topography, sediment characteristics, and biological
characteristics (including life-cycle and timing sensitivities of cetaceans, turtles,
dugongs, etc), and history of the area shall be described in the detailed EMP.

. The disposal techniques (i.e. side-cast, chute or flexible fall-pipe) and procedures
shall be identified along with the size distribution and type of rock to be dumped.

. The anticipated schedule, vessel(s) and other relevant information shall be
identified.

3.6 Horizontal Directional Drilling

Horizontal directional drilling (HDD) techniques may be used to install short, but critical

sections of the Onshore Feed Gas Pipeline, and possibly the Optical Fibre Cable and the

Domestic Gas Pipeline. The following measures shall be undertaken to minimise

potential environmental impacts associated with the construction of these sites:

. The clearing or footprint of the HDD site shall be minimised to the extent practical.

. The site shall be graded and levelled and designed to allow drainage of
uncontaminated areas and collection of water in those areas subject to potential
contamination (see Earthworks, Section 3.9).

. Access shall be managed in accordance with Section 3.8.
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. Noise, air, light and dust emissions shall be in accordance with Sections 3.10,
3.11, and 3.12, respectively.

. Waste, spills and leaks shall be handled in accordance with Sections 3.15 and
3.19.

3.7 Piling
3.71  Offshore Piling Construction and Installation

As offshore pile driving involves similar vessels, and equipment to some of the other
Development’s marine components (i.e. offshore drilling, subsea installation, pipelaying
and dredging), many of the same environmental management and protection procedures
will be undertaken, including:

. Pre-construction surveys shall be designed to investigate marine habitats and
species use (particularly flatback turtles) in the area to identify and map
sensitivities, important habitats, population and distribution and potentially sensitive
life-cycle timing.

. Jetty pilings shall be located to reduce impact to important and sensitive marine
habitats.

. Sensitive marine fauna activities (e.g. nesting, migration) shall be considered when
planning drilling, piling and dredging plans and operations.

. Vessels and support equipment and anchors shall be located to avoid areas of
conservation significance where practicable.

. No un-authorised pile driving shall occur.

. The construction workforce, construction and supply vessels shall be restricted to
designated areas. Recreational fishing, diving, spear-fishing, fossicking, surfing, or
boating shall be prohibited.

. A marine mammal observation program shall be developed prior to the
commencement of activities

. Further Marine Cultural Heritage survey work shall be conducted during the
detailed engineering phase, as input to detailed EMP.

. Sensitive turtle breeding, nesting and hatchling periods shall be factored into the
jetty construction schedule to the extent practical.

. Sediment plumes shall be modelled to provide input to jetty piling design and

detailed EMP.

. Moorings shall be established for support vessels to minimise anchoring
requirements. Anchoring sites and locations shall be selected that reduce impacts
on fauna.

. Light levels and turtle hatchling behaviour shall be monitored for the period
November to March.

. The performance and availability of vessels, plant and equipment capable of

undertaking the work proposed shall be reviewed and analysed. This includes
comparison with the physical constraints of the site and/or equipment (i.e. potential
restriction of certain equipment due to shallow waters or sea states).

. Drawings and plans showing sufficient detail to allow accurate field identification
(i.e. appropriate scale, bathymetric and met-ocean information, GPS and Lat/Long
coordinates, pile locations, etc) shall be prepared.

. All pipeline and other marine and navigational infrastructure will be located, verified
and marked prior to construction activities. Survey and identification procedures
(i.e. system of buoys, flagging, navigational lighting, signage, etc.) will be used.
Work specifications will clearly define equipment limitations and procedures for
working in the vicinity or crossing these facilities.
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. A ‘Notice to Mariners’ shall be prepared and posted to identify the location, timing,
and any new navigational aids or details related to the construction and installation
of the jetty and berthing dock.

. All navigation in Barrow Island Port shall be performed under Port Regulations.

. All vessel navigation crews shall be qualified under the Flag State and International
regulations and shall be duly certified to perform their duties.

. Prior to the start of any operations, agreement shall be reached with the Harbour
Master, Vessel Masters and Pilots on procedures and communications (VHF
channel, Barrow Island/Gorgon dedicated channels, etc.) to be used within the
Development area. Specified communication channels will be established and
available for all marine traffic.

3.7.2 Onshore Piling or Plinth Construction and Installation

Onshore piling or plinths will be required on Barrow Island for above ground feed gas
pipelines, auxiliary lines, CO, injection pipeline and water lines. Activities associated with
construction of the onshore plinths are dealt with under a number of sections, primarily:
general conduct (3.1); traffic and access (3.8); earthworks (3.9); blasting (3.10), dust
generation (3.11), material import (3.13) and waste management (3.15). These issues
will be brought together in the detailed EMPs for the relevant development component.

3.8 Traffic and Access Management

Access to Development areas for equipment and workers is required for the construction
and operation of the Development. For the majority of the Development, including the
pipelines, access will be along existing roads and seismic lines. Because of the size and
amount of construction equipment used in construction, upgrading of existing access in
particular areas will be required.

The following environmental protection measures shall apply to vehicle and equipment
access:

. Relevant Lessees and regulatory authorities shall be consulted regarding the use
and upgrading of existing roads and seismic tracks, and the selection, location,
and development of new access routes.

. Existing roads, seismic tracks, and other previously disturbed areas, shall be used
in preference to creating new access.

. Where new access tracks are required, important ecological features such as
bettong warrens, listed vegetation species and cultural heritage sites shall be
avoided.

. Where new permanent access roads are required, topsoil shall be removed prior to
new road surface preparation and either stockpiled in windrows adjacent to
temporary access for re-spreading during reclamation or stockpiled for possible
use at other locations where permanent access will remain.

. Vehicle speeds shall be restricted to a maximum of 60 km/hr in daylight and 40
km/hr at night, and shall be restricted to minimise potential wildlife collisions and

dust.

. Dust suppression measures shall be used on road and construction sites where
required.

. New access shall, where practical, avoid crossing waterways.

. Drainage channel crossings shall be designed and constructed in a manner that

minimises sediment release (e.g., erosion berms, silt fences and sediment basins),
does not prevent water flows and is capable of accommodating locally significant
rainfall events.
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3.9

Where vehicles and equipment are required to cross existing utilities (e.g.,
waterlines, flowlines, power and communication cables etc.) protective measures
such as ramps, signage and flagging shall be used to identify and protect these
facilities.

Vehicles shall remain on designated access roads and within the defined
Development construction area and associated work/staging sites unless otherwise
authorised. This shall be supported by workforce education, signs, boundary
markers and fences.

Vehicle parking shall be restricted to designated areas unless otherwise
authorised.

Following completion of construction, access not required for the operation or
maintenance shall be closed and rehabilitated.

Surface drainage patterns intercepted by access not required for the
Development’s operation or maintenance shall be rehabilitated as soon as
practicable.

Earthworks — Site Clearing and Grading

The following environmental management measures shall apply to earthworks
associated with any Development component (such as construction of the onshore
pipeline, drill pads, the gas processing facility, accommodation and utilities):

Further vegetation and cultural heritage surveys shall be conducted during detailed
design phase, as input to detailed EMPs.

An experienced and trained Site Environmental Officer with access to specialist
biologist(s) will be employed to inspect construction areas prior to any site clearing.
Un-authorised clearing shall not be permitted.

The area of exposed soils shall be limited to that required for safe construction and
operation.

All planned land disturbance shall be clearly designated, with areas to be cleared
surveyed and pegged in the field in accordance with design plans and in advance
of any clearing activities.

All pipeline and other underground and above-ground facilities including gas,
water, sewer, and communication systems will be located, verified and marked
prior to construction activities.

Drainage channel crossings shall be designed and constructed in a manner that
minimises sediment release (e.g. installation of erosion berms, silt fences and
retention/settling basins), does not prevent water flow and is capable of
accommodating locally significant rainfall events.

Where necessary, retention/settling basins will be located in previously disturbed
areas and will be constructed to intercept, settle and then redirect uncontaminated
site drainage to the nearest drainage zone (within the same catchment/basin).
Erosion and drainage control devices shall be installed where required and
maintained on drainage lines to control surface run-off and minimise soil loss from
the working areas.

Storm/cyclone events could potentially breach retention/settling basins. Basins
shall be engineered and constructed to allow for storm events without erosion or
damage.

Nearshore construction activities will be scheduled to minimise overlap with key
breeding periods for sensitive protected fauna (e.g. turtles) where practicable.
Sensitive vegetation communities and habitats in proximity to working areas shall
be clearly marked and access to these areas will be prohibited, unless otherwise
approved.
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3.10

On sites to be cleared or graded, vegetation shall be removed, mulched and either
stored for later rehabilitation or directly placed on disturbed areas to reduce
erosion and to encourage native seed propagation.

Stockpiled vegetation shall be segregated from work areas.

No burning of vegetation during site clearing shall occur unless otherwise
approved.

Topsoil, where present, shall be stripped prior to land grading. Stripping will be to a
depth of colour change, dependent on local soil profiles.

Topsoil shall be stored in a windrow or stockpile which shall be discernibly
separate from any other graded or excavated materials. Topsoil shall not be
contaminated with anything that might impair its plant-support capacity (e.g.
aggregate, cement, concrete, fuels, litter, oils, domestic and industrial waste).
Cleared vegetation, topsoil or subsurface material shall not be stored in drainage
channels.

Flagging or temporary fencing shall be used to clearly delineate sensitive ‘no go’
areas such as important vegetation, fauna habitat or areas of cultural heritage
significance. Features marked in this manner shall not be disturbed. Flagging and
temporary fencing shall be removed at the completion of construction.
Construction pads and lay down areas shall be compacted to limit the potential
infiltration of treated grey water to the subsurface environment.

Hardstand runoff shall be contained within a settling/holding basin and shall only
be discharged to natural drainage if it meets agreed water quality standards.
Potential sources of ignition shall be identified through the Job Hazard Analysis
process. A hot work permitting system will be used to minimise risk of fire from
Development activities.

Soil and surface stability shall be maintained at all times; cut and fill excavation will
be shaped to maintain slope stability and temporary erosion control berms, drains
and sediment barriers shall be installed as necessary and maintained until final
construction clean-up is completed.

Grading, drill and blast techniques will be adopted which reduce dust, noise and
vibration effects (see Section 3.10).

Mufflers and other appropriate noise suppressants will be used on heavy
equipment where practicable.

Blasting (Noise and Vibration)

In rock terrain where the use of conventional excavation or ripping equipment alone is
not feasible, it will be necessary to undertake controlled blasting. The following
environmental management measures shall apply to all activities that involve blasting
(and the generation of associated noise and vibration):

Blasting procedures shall be conducted in compliance with Development
specifications and relevant legislation.

The handling, storage and use of explosives shall be in accordance with legislation
and Industry Standards.

Blasting activities shall be conducted in a manner that reduces the amount of
clearing, grading and soil disturbance required.

Drill and blast techniques shall be planned and adopted that reduce dust, noise
and vibration effects (i.e. using smaller, more frequent blasts, as opposed to less
frequent, larger blasts; using sequential, staggered, or time-delayed charges or
shaped charges to minimise cumulative effects of the explosions).

Equipment used to undertake grading and excavation work shall be appropriately
sized.

Mufflers and other appropriate noise suppressants shall be used on heavy
equipment where practicable.
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. Blasting mats shall be used where required.

. Blasting shall be scheduled to avoid sensitive lifecycle periods of wildlife species
(e.g., breeding, nesting, migration) where practical.

. Blasting shall be scheduled for daylight hours only to avoid activity peaks for
nocturnal mammals (dusk to dawn).

- Continuous soft start and repetitious warning shots (air guns) shall be used prior to
blasting in the marine environment use.

. A marine mammal observation program shall be developed prior to the
commencement of activities.

. Vessel speed and access shall be strictly controlled.

. Consideration of physical removal of turtles using controlled trawling methods if
efforts such as warning shots are not satisfactory and turtles are not clearing the

blast area.

. Blasting activities shall be suspended turtle breeding season if individuals cannot
be satisfactorily removed from the area and blasting results in mortality.

. Blast rock shall be reused where suitable and practicable (for erosion control rip-

rap at drainages, water discharge areas, access control or potential wildlife habitat
creation etc).

. All blasting refuse, such as containers, cartridges, caps and wire shall be
recovered for disposal in accordance with the approved Waste Management Plan.

3.11 Air and Dust Emissions

The following environmental management and protection measures shall apply to
construction activities that have the potential to result in gaseous or dust emissions to
atmosphere:

. Industry standards shall be adopted for refuelling, transfer and storage of fuels and
chemicals (e.g. level indication, overflow protection, containment, bunding,
appropriate drainage systems and hardstand areas) to reduce fugitive emissions.

. Any hydrocarbon or volatile chemical spill shall be cleaned up as soon as possible.

. Vehicle speeds shall be restricted to a maximum of 60 km/hr in daylight and 40
km/hr at night.

. Buses shall be used to minimise the number of vehicle movements.
. Off-road or off-site vehicle use will be prohibited without prior approval.
. Unpaved surfaces shall be stabilised to reduce dust generation. Dust suppression

measures, such as use of water carts and sprinklers on exposed soils and
roadways, shall be implemented. Dust suppression shall be managed to ensure
that measures do not result in erosion or significant runoff. Treated grey water shall
not be used for dust suppression on exposed karst formations

. Fire (and related emissions) shall be prevented and managed in accordance with
Section 3.19.

. An approved dust monitoring program shall be established.

. Construction vehicles and equipment shall be regularly maintained to ensure
efficient operation and appropriate emissions standards.

. Australian standard low-sulphur diesel shall be used as the vehicle and equipment
fuel source.

. Modular construction techniques shall be employed to the extent practical to
reduce net diesel emissions from construction machinery.

. Alternatives to ozone depleting substances shall be selected wherever practicable.
Contractors shall be required to advise of the use of ozone depleting substances
and develop management plans to avoid release.
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3.12

Lighting

The following management measures shall be adopted to reduce potential effects of
construction lighting on sea turtles and other important marine fauna:

Outdoor light level shall be reduced by the application of a range of strategies
including: using low-pressure sodium vapour lights; reducing wattage in sensitive
areas; using focused lighting units to concentrate light; shielding light sources;
using artificial or natural screens; recessing sources; lowering mountings; using
timers; or motion sensors.

Night time construction activities in the near shore areas shall be minimised to the
extent practical.

Areas of construction shall be lit only when personnel are present or equipment is
operating.

Where practicable, vessel and barge loading and unloading shall be conducted
during daylight hours. Where this is not practicable, lighting shall be reduced to
safe levels.

Lights shall be located such light emissions will be blocked by process vessels,
equipment or structures, where practicable.

Where colour definition or safety is not critical, light types shall be selected that are
least disruptive to sea turtles (such as shielded or recessed lighting with long
wavelengths).

Construction lighting on the MOF causeway and LNG jetty shall be mounted low,
shielded and focused towards the travelled pathway to reduce light spill.

Lights shall be directed away from large plant and equipment to reduce glow
effects.

Lighting on construction vessels working at night during January to April (turtle
nesting season) shall be shielded and directed onto work areas, long wavelength
and switched off when not in use, to minimise attraction of hatchlings

Matt paints and colours such as greys or shades of brown/olive shall be used to
minimise the effect of reflective surfaces, paints or coatings which would contribute
to glow.

Window blinds shall be installed and used to eliminate spill from internal lighting.
Commissioning flaring shall be reduced to the extent practical.

A light audit shall be conducted during the turtle breeding, nesting and hatching
periods (November to April) to assess illumination at the turtle beaches and light
spill into marine areas.

Survey and monitoring strategies that will be adopted are to:

monitor hatchling behaviour on nesting beaches and implement contingency
responses if light levels are causing disorientation in hatchlings.

conduct regular lighting inspections to assess compliance with lighting strategy
conduct regular inspections of dune areas to assess whether hatchlings are
becoming disorientated and moving inland

undertake intervention (manual collection and relocation of hatchlings) under the
supervision of CALM in any areas where a significant effect on hatchling
orientation is resulting from lighting

manage lighting on LNG tankers at night during January to April (turtle nesting
season) to minimise attraction to hatchlings (shield and direct lights onto work
areas, use long wavelength light sources and turn lights off when not in use).
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The implementation detail for these strategies will be developed, in consultation with
CALM and the Department of Environment (DoE), and submitted for approval as part of
the detailed EMP for the Development.

3.13 Dredging and Dredge Spoil Disposal

The following management measures shall apply to dredging and spoil disposal
activities:

. Routes for the feed gas pipeline, domestic gas pipeline and optical fibre cable shall
be selected to avoid areas of sensitive benthic primary producers.
. Final MOF access channel alignment shall be selected to reduce the volume of

dredging across the nearshore limestone reef platform.
Facilities on the east coast of Barrow Island shall be designed to reduce indirect
impacts to benthic primary producers.

. A solid fill causeway and open pile jetty shall be designed to reduce interruption to
local hydrodynamics and sedimentation patterns.

. Jetty pylons shall be located to avoid impacts to corals.

. Dredge spoil ground location shall be selected to avoid adverse impacts to
macrophytes and corals.
An anchor management plan shall be developed for each operation to avoid
unnecessary anchor set and anchor chain scour in areas of corals and
macroalgae. Anchor chains shall be managed to reduce contact with the seabed.

. An adaptive management strategy shall be developed and implemented for
dredging operations that is based on three management zones, determined on the
basis of predicted environmental impact (refer to Box 1).

Box 1: Management Zones

Zone 1 — (Zone of High Impact): Area where high coral mortality may result directly from
dredging or construction, burial by dredge spoil, or indirectly from smothering by
sediment and/or deterioration in water quality.

Zone 2 — (Zone of Moderate Impact): Area where some coral mortality may result
indirectly due to deterioration in water quality and/or an increase in sedimentation rates.
Zone 3 — (Visible plume): Area that may experience marginal increases in turbidity, but
not to the extent that corals, or other components of the benthos, are likely to suffer any
measurable impacts.

(Refer to Draft EISJERMP Chapter 11).

. Adaptive management actions shall be triggered by the results of a comprehensive
monitoring program used to investigate water quality, sedimentation and coral
health. Monitoring methods shall include use of satellite imagery, aerial survey, and
field sampling.

. Fortnightly sedimentation and coral health monitoring shall be conducted in Zone 1
and Zone 2; and as required in Zone 3 and reference sites.
. Prior to finalisation of the monitoring program, additional geophysical, metocean,

bathymetric and biological surveys shall be conducted to enhance the knowledge
and understanding of the marine environment of the Development area.

. The monitoring and adaptive management plan will be refined, in consultation with
the Commonwealth and Western Australian regulatory agencies.
. Monitoring results shall be assessed against alert trigger levels and a tiered

management response implemented as follows:
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Tier 1 Management Actions

. The initial trigger for management shall be based on water quality (total suspended
solids (TSS)) and sedimentation data collected in Zone 2 and 3, respectively (refer

to Table 3).

= Should monitoring show that TSS or sedimentation rates at monitoring sites in
Zone 2 or Zone 3 have increased above the trigger levels, the following series of
management measures shall be progressively implemented :

. The Gorgon Dredging Site Manager shall be advised immediately.

. Tidal, wave, and wind forecasts shall be checked and verified to predict the
likely duration of the event(s) that caused the Trigger Level exceedance.

. Management options shall be reviewed available in the event that the
monitoring results progresses to the Coral Health Trigger Level.

. Compliance with the contractor’s approved work practices shall be verified.

. The dredging contractor shall adjust work practices as required.

. Dredge contractor shall be advised of the need to temporarily halt operations
should the exceedance continue.

. TSS and sedimentation monitoring shall intensify in the exceedance area to

verify the level, duration, concentration and/or rate of these two variables and

identify the likely source(s) of turbidity and sedimentation and any

confounding factors.
. Coral Health Monitoring shall be undertaken within 14 days of the

exceedance.

. Tier 1 management shall cease if within 18 days following the exceedance if:
. TSS and sedimentation rates in Zone 2 and Zone 3 are each less than

the criteria; and

. Coral mortality in Zone 3 is below detectible limits and in Zone 2 is
consistent with predicted partial mortality.

Table 3: Alert Trigger Levels

Zone Water Quality Trigger Level Time
Parameter (Concentration) (Consecutive Days)

Zone 2 TSS Median TSS at moderate impact sites is Two consecutive days of
greater than three times the median TSS non-achievement will trigger
at appropriate reference sites. tier 1 management.

Sedimentation Mean daily rates of sedimentation at Fourteen days of non-

moderate impact sites is greater than achievement will trigger tier 1
three times the mean daily rate of management.
sedimentation at appropriate reference
sites. Mean rates of sediment
accumulation are calculated over the 14
day deployment period.

Zone 3 TSS The five-day running median of TSS at Two consecutive days of

monitoring sites within the visible plume
zone is greater than the 80th percentile of
the five-day running median TSS at
appropriate reference sites.

non-achievement will trigger
tier 1 management.

Sedimentation

Mean daily rates of sedimentation at
monitoring sites within the visible plume
zone is greater than 1.5 times the mean
daily rate of sedimentation at appropriate
reference sites. Mean rates of sediment
accumulation are calculated over the 14
day deployment period.

Fourteen days of non-
achievement will trigger tier 1
management.
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Tier 2 Management Actions

Should coral health exceed threshold (trigger) values in Zones 2 or Zone 3 (refer to
Table 4) the following management measures shall be implemented:

The influence of seasonal factors, storm activity and run-off events shall be
assessed and considered prior to any response.

Additional monitoring (frequency and location) and testing will be conducted
to verify coral health results are a consequence of dredging operations.
The dredging and disposal sequence shall be modified to reduce potential
impact.

The hours of continuous dredging shall be reduced until water quality and
sediment loading return to acceptable levels at the affected location(s).
Approval of the relevant regulatory agency shall be sought to modify the
dredging and/or spoil disposal operations to allow works to continue.

Table 4: Coral Health Threshold Level

Zone

Threshold Level
(Coral Mortality)

Zone 2 Partial bleaching of large, reef building corals (e.g. Porites) or relatively resilient
species (e.g turbinaria) exceeds 10%, or partial bleaching of fast growing,
sensitive species (e.g. Acropora) exceeds 50%, compared to appropriate
reference sites.

Zone 3 Low level mortality of coral species, as evidenced by a statistically detectible

decrease in live coral cover compared to appropriate reference sites. A level of
10% is likely to be the minimum level of detection using current coral monitoring
techniques.

Tier 3 Management Actions

Should coral health exceed Coral Health Limit Levels (refer to Table 5), the
following management measures shall be implemented:

The influence of seasonal factors, storm activity and run-off events shall be
assessed and considered prior to any response.

Dredging and disposal activities shall be suspended.

Dredging and disposal activities shall only recommence when it can be
demonstrated to the satisfaction of the Minister for the Environment, upon
advice from the EPA that:

. Any new activity would not contribute to further net mortality of corals at
any site(s) at which the limit level had been exceeded.
. The ambient environmental conditions at any site(s) at which the limit

level had been exceeded are such as to not prevent recovery.

Table 5: Coral Health Limit Level

Zone

Limit Level
(Coral Mortality)

Zone 2

Partial mortality of large, reef building corals (e.g. Porites) or relatively resilient
species (e.g turbinaria), as evidenced by a greater than 30% decrease in live
coral cover compared to appropriate reference sites.
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Limit Level

Zone (Coral Mortality)

Zone 3 Mortality of coral species, as evidenced by a statistically detectible decrease in
live coral cover compared to appropriate reference sites. A level of 10% is likely
to be the minimum level of detection using current coral monitoring techniques.

3.14 Quarantine Management

The following quarantine management measures shall apply to all activities that have the
potential to introduce non-indigenous species to Barrow Island and the surrounding
waters:

. A risk-based approach shall be adopted to quarantine management. This approach
will focus on pre-border prevention of the introduction of non-indigenous species,
with post-border contingencies for detection and eradication.

. A Quarantine Management System (QMS) shall be designed specifically for the
Gorgon Development and will align with AS/NZS ISO 14001.

. Information developed, as necessary, for the QMS shall be integrated into existing
business support systems to the extent possible; and additional tools shall be
developed to capture information specifically related to quarantine barriers and risk
management.

. Quarantine requirements shall be included in pre-qualification of suppliers and
contractors. Only contractors and suppliers that have demonstrated a willingness
to meet or exceed the Development quarantine standards shall be engaged.

. Quarantine requirements shall be included in contracts for all contractors and
suppliers providing goods and services for Barrow Island.

. All relevant personnel shall be inducted regarding quarantine management
requirements.

. Specific quarantine training shall be provided to personnel in the procurement and
logistics supply chain.

. Quarantine responsibilities shall be included in the position description for key
personnel.

. A strong culture of quarantine awareness shall be developed and promoted in the
workforce.

. Any quarantine emergency shall be responded to quickly and effectively, utilising
the expertise of nominated specialists and relevant government agencies.

. A monitoring program to determine the effectiveness of the implemented

quarantine barriers shall be reviewed by flora and fauna specialists, and
incorporated into the QMS.

. Quarantine compliance for all personnel and goods going to Barrow Island shall be
recorded and tracked.

. The Gorgon Joint Venturers shall work closely with CALM to ensure that there is
an ongoing examination and audit of the QMS, and regular quarantine compliance
audits and checks shall be conducted throughout the supply chain.

. The quarantine management process shall include stakeholder engagement and
reporting.

Management of Quarantine on Priority Pathways

Eleven pathways have been identified for the transfer of vessels, cargoes, and personnel
to Barrow Island. Of these, three specific pathways (namely sand and aggregate, food
and perishables and personnel and accompanying luggage) present the highest risk of
transfer of non-indigenous species to Barrow Island and are therefore considered priority
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pathways for assessment of quarantine risk. A pool of measures (or barriers) to prevent
the introduction of non-indigenous species has been identified, and from this, via the risk
assessment workshop process, the following conceptual barriers have been identified.
These barriers are subject to further scrutiny and design modification prior to
implementation via a Hazard Operability (HAZOP) analysis (refer to Chapter 12 of the
Draft EIS/ERMP). Prior to construction quarantine barriers will be selected for all
pathways via this process.

The following quarantine barriers shall be adopted for the sand and aggregate pathway:

. A Quarry Environmental Management Plan shall be implemented
. Quarry equipment shall be cleaned and inspected.

. Quarry material shall be covered in segregated storage.

. Quarry material shall be sampled to verify compliance.

. Material shall be covered during sea transport.

. Additional quarantine barriers will be implemented subject to the completion of the
barrier selection process.

The following quarantine barriers shall be adopted for the food and perishables
pathway:

. manage receipt, screening, consolidation, despatch from a central facility

. pre-process fresh food and vegetables prior to despatch

. select packaging to allow visual inspection; reduce organic packaging

. inspect, seal and tag shipping containers

. comply with record of food and perishables items prohibited from transport to
Barrow Island

. design kitchen facility with internal quarantine zones and barriers to contain and
eradicate non-indigenous species

. implement a dedicated food and packaging waste containment and removal
program.

. Additional quarantine barriers will be implemented subject to the completion of the

barrier selection process.

The following barriers shall be adopted for the personnel and accompanying luggage

pathway:

. pre-employment agreements, including awareness training and inductions to
appreciate quarantine risks and barriers which carry personal responsibilities

. all luggage is inspected via x-ray or visual by trained inspectors

. declaration of quarantine compliance for personal luggage

. cleaning of aircraft to meet quarantine standards

. shipment of toolboxes and work cargoes not accepted as checked luggage and
processed through mainland logistics base

. transit passengers, luggage and freight contained in secure area at Barrow Island
airport

. management plan for flights departing from locations other than Perth

. verification of personnel, luggage and freight on arrival.

. Additional quarantine barriers will be implemented subject to the completion of the

barrier selection process.
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3.15

Waste Management

The following waste management measures shall apply to all construction activities:

Wastes shall be managed in accordance with the principles of: eliminate, reduce,
reuse, recycle/recover, treat and dispose of wastes in an environmentally
responsible manner.

MSDS information on hazardous materials shall be reviewed to identify
opportunities to substitute them with a less hazardous or non hazardous
replacement.

Waste management shall be included in the Job Hazard Analysis process.

To minimise packaging wastes, supply materials shall be purchased in bulk
wherever practicable.

Wastes shall be identified, classified and segregated into specified areas to
facilitate recycling.

Unused materials shall be returned to suppliers wherever practicable.

Chemical and other consumable suppliers shall be required to receive containers
for refilling rather than for waste disposal.

Specific waste management procedures shall be developed for each waste stream
(solid, liquid and hazardous) and identified in the detailed Waste Management
Plan. Emergency response and spill contingency planning measures shall be
implemented in accordance with Section 3.19.

The handling of non-destructive test media shall be in accordance with industry
and regulatory requirements.

Onshore

In addition to the above general measures, the following waste management measures
shall be adopted for onshore construction activities:

Construction wastes not re-used or recycled shall be collected at designated sites,
initially stored and appropriately contained on location taking into consideration
fire, safety, worker health, and pest and odour control. In general, solid wastes
generated during construction and operations shall either be incinerated or
returned to the mainland for re-use, recycling or disposal in approved facilities.
General rubbish such as food wrapping, garbage, and sanitary waste, shall be
confined to the work site and collected daily for appropriate disposal at an
approved location.

Construction rubbish shall be collected for disposal at an approved location.
Rubbish shall not be disposed of in any excavation or trench.

Liquid wastes, redundant chemicals and batteries shall be disposed of on the
mainland by a licensed waste disposal contractor.

Liquid wastes from construction will generally be treated and then disposed into
deep injection wells. Exceptions include use of treated grey water for dust
suppression and disposal of chemicals and hydrocarbon at approved sites on the
mainland.

Except for emergency situations, vehicles and other equipment shall be maintained
and washed at a designated maintenance yard. The maintenance facility shall
accommodate a concrete or other impervious surface which shall drain to a sump.
Water and potential wastes and contaminants collected in the sump shall be
pumped to a separator where it shall be regularly removed by a waste contractor.
Waste hydrocarbon shall be stored in labelled drums or tanks for disposal by a
waste Contactor.

Portable toilet facilities shall be located at convenient sites where workers shall
have access.

All holding basins shall be cleaned and maintained regularly.
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. Segregated waste storage areas and containers shall be located away from
drainages and low-lying areas. Containers shall be appropriately labelled. The area
shall be graded to drain away from the storage areas to a settling basin and sump
which can be emptied, as required.

. Contaminated soil shall be stored in a dedicated bin or on a designated impervious
surface for removal to the mainland for bioremediation or landfill.

. Use of disposable food and drink containers shall be avoided, where practicable.
The use of plastic bags shall be avoided except for containing food or putrescible
wastes.

. Installation and use of a compactor/crusher for certain solid waste and recycle
streams (i.e. aluminium, timber, and paper) shall be considered.

. Installation of an incinerator (possibly with heat recovery) shall be considered.

. Potentially contaminated runoff shall be contained within a holding basin and shall

be discharged once cleared of any potential contaminants. Potentially
contaminated hardstand water shall be captured in a holding basin, where an Qil in
Water (OIW) separator system shall recover the hydrocarbon, and the water
reinjected into existing or purpose constructed disposal wells.

. Potable water shall only be used where such quality is required (that is alternative
water sources shall be used for drilling water, construction, dust suppression, and
toilet flushing, etc.)

. Flow meters shall be installed on water sources and discharges to enable targets
for reduction to be set and monitored. Sampling facilities shall be designed into on
discharges.

Offshore

. Drilling rigs, pipeline lay-barges, tankers, rock dumping vessels and other supply
and support vessels shall have efficient and fully operational oil/water separators in
bilges.

. Ballast water shall be exchanged beyond the 12 nautical mile limit by an approved
method, and shall not be discharged in port.

. The Ballast Water Decision Support System shall be used to provide vessels with a
risk assessment of ballast water.

. No waste will be disposed overboard within 12 nautical miles.

. Beyond 12 nautical miles comminuted sewage and food wastes, drilling cuttings,
drilling fluids and uncontaminated deck wash-down wastes shall be disposed
overboard in accordance with regulatory requirements and project-specific
approval conditions.

. On vessels operating less than 12 nm from land, sewage and grey water shall be
stored in tanks for disposal to an approved shore-based treatment system.

. Food wastes shall be macerated so that they can pass through a 25 mm mesh
before being discharged to sea, in compliance with Clauses 222 and 616 of the
Schedule to the Commonwealth Petroleum (Submerged Lands) Act 1967, and the
International Convention for the Prevention of Pollution from Ships (MARPOL)
regulations.

. Deck drainage water shall be directed overboard if clean, or to a sump and
oil/water separator if it contains traces of hydrocarbon. Contaminated drainage
from decks and work areas shall be collected and processed to remove
hydrocarbons.

. The discharge of surfactants, dispersants and detergents shall be minimised.
Detergents or dispersants used for wash-down shall be biodegradable and
phosphate free. The use of detergents shall be managed to reduce the opportunity
for entry to the oily water separation system, as they adversely affect separation.

. Waste oil shall be stored in labelled drums or tanks for disposal.
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3.16

The recirculation of drilling fluids shall be optimised to minimise total discharges.
Drilling cuttings and fluid discharges shall be monitored to ensure compliant oil
concentrations.

Discharges from essential operations such as grouting of the conductor and
surface casing strings (eg. cement mixture circulation, surplus cement fluid and
powder, etc.) shall be minimised.

Discharges from drilling rigs shall be staged (eg. disposal of excess fluid at end of
well) where necessary to achieve optimum dispersal.

Where small amounts of oil additives (eg. spotting pills) are added to drilling fluid
on a one-off basis, the Designated Authority shall be consulted on disposal.
Non-incinerable domestic wastes shall be collected and compacted for onshore
disposal. Detailed documentation and manifests shall be kept. Onshore receiving
and disposal measures shall meet local government requirements. Waste
containers will be closed to prevent loss overboard.

Shipping and Navigation

The following environmental management and protection measures shall be adopted to
reduce the risk of damage to life, property and the environment that could be caused by
vessel collision, grounding, equipment failure, fire, or refuelling incident:

All relevant marine personnel shall be appropriately trained in navigation and
communication procedures. All vessel navigation crews shall be qualified under the
Flag State and International regulations. Crews shall be duly certified to perform
their duties.

All navigation within the Barrow Island Port boundary shall be performed under
Port Regulations, current Notices to Mariners and the International Regulations for
Preventing Collisions at Sea (1972) and amendments.

Prior to the start of any operations, agreement shall be reached with the Harbour
Master, Vessel Masters and Pilots on procedures and communications to be used
within the Development area. Specified communication channels will be
established and available for all marine traffic.

All operations shall be conducted in accordance with Australian and International
Conventions and regulations, particularly the International Regulations for
Preventing Collisions at Sea (1972), International Convention for the Safety of Life
at Sea (SOLAS) 1974, Marine Act 1982 (WA), Shipping and Pilotage Act 1967
(WA) and Marine Navigation Aids Act 1973 (WA).

An Qil Spill Contingency Plan (OSCP), consistent with Australian Marine Safety
Association (AMSA) and MARPOL requirements, shall be prepared and approved
prior to commencing marine construction or shipping activity.

Communication shall be maintained with vessels wishing to transit the
Development area, especially those areas being constructed.

Marine and meteorologic conditions shall be forecast, monitored and
communicated to construction vessels.

Vessel and equipment location and movement shall be recorded and made
available to all vessels working in the Development area.

All pipeline and other marine and navigational infrastructure shall be located,
verified and marked prior to construction activities. Survey and identification
procedures (i.e. system of buoys, flagging, navigational lighting, signage, etc.) shall
be used. Work specifications shall clearly define equipment limitations and
procedures for working in the vicinity or crossing these facilities.

A ‘Notice to Mariners’ shall be prepared and posted identifying the location, timing,
and any new navigational aids or details related to the dredging and dredge spoil
disposal works, drilling activity and submarine pipeline and communication
infrastructure.
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3.17

Vessel speed restrictions shall be established and enforced in accordance with
Barrow Island Port Authority. Should any pilot or vessel master request additional
sea space to perform required manoeuvres because of size, draught or safety, the
dredge or trailer hopper barge shall be moved to a safe location. Follow
AMSA/Auscoast warnings; with navigational standards and procedures.
Permanent moorings shall be installed where practicable, to minimise need for
anchoring.

All incidents, including near misses, shall be reported and recorded in accordance
with regulatory and corporate Chevron guidelines.

Whale, dolphin, dugong and sea turtle sightings will be recorded, collated and
reported to HES Manager. This shall be forwarded to CALM, the WA Museum and
Department of the Environment and Heritage Marine Species Section. Whale (and
dolphin) observations shall be recorded on the standard cetacean sighting form.
All towed equipment shall be labelled in the event of loss during the construction
program.

In the event of a cyclone, all marine vessels, dredging and spoil disposal
operations shall be suspended and made safe in accordance with the Gorgon
Development’s emergency procedures.

Facility Testing

The following environmental management and protection measures shall be adopted:

Prior to testing, the contractor shall prepare a hydrostatic testing plan which as a
minimum shall include:

. the location and detailed description of the water source

. the volume of water required and the extraction rate

. the anticipated quality of the source water (including chemistry and total
suspended solids)

. the equipment and infrastructure required for the testing

. the location and detailed description of the receiving environment into which
the effluent shall be discharged

. a description and the concentration of any biocides, oxygen scavengers, rust
inhibitors or other materials to be added to the test water

. methods proposed to prevent erosion or any other biophysical impacts at the

point of water discharge if test water is not discharged to injection wells.
Where practicable piping, vessels and fabrication plant sections shall be pre-tested
before shipping to Barrow Island.
The potential impacts to subterranean fauna shall be reduced by locating
withdrawal wells away from known; significant habitat areas; maintaining adequate
withdrawal rates and water levels, and; screening uptake water.
Where feasible, test water shall be reused for a series of test sections.
Water quality monitoring shall include the results of sampling prior to use, and
again prior to discharge.
Generally, used test water shall be injected into existing or purpose drilled disposal
wells. Offshore disposal may considered depending on the scheduling of activities
and technical requirement regarding hydrotest water quality. If marine discharge is
to be considered, test water shall meet ANZECC/ARMCANZ (2002) water quality
standards after dilution at discharge point and test water shall be discharged into
high exchange areas offshore where practical.
The handling of non-destructive test media shall be in accordance with industry
and regulatory requirements.
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3.18 Clean-up and Rehabilitation

The following environmental management measures will be adopted for the clean-up and
rehabilitation of disturbed work sites (e.g. pipeline rights of way, drill pads, temporary or
abandoned access roads, make-up or fabrications sites which will no longer be required,
etc):

. The period of time between initial disturbance and clean-up of work areas shall be

minimised to prevent degradation and loss of exposed soils.

Clean-up operations shall keep pace with construction.

The construction area shall be left with stable contours, following clean-up

Surface drainage shall be re-established.

Compacted soils shall be ripped or scarified.

Benched surfaces immediately above potentially erodible or unstable terrain shall

be contoured so as to avoid overloading slopes or concentrating surface runoff.

. Where there are steep disturbed slopes, the surface shall be crossed with
adequately-spaced angled water bars (diversion terraces) to intercept and disperse
runoff. Surface erosion control measures such as water diversion terraces shall be
installed at appropriate intervals on all sloping ground to divert surface water
quickly away from the disturbed area.

. Other drainage, erosion, and sediment control measures (e.g. geotextile matting,
filter fencing, and retention/settling basins) shall be removed as required once
stability is achieved.

. Unauthorised access to rehabilitated pipeline rights-of-way shall be prohibited

= Flagging used to identify sensitive environmental features (e.g. natural and cultural
heritage), temporary fencing, survey stakes, etc., shall be removed and disposed
of at the completion of construction.

. Access roads shall be rehabilitated where no longer required for operations.

= After the completion of re-contouring and erosion control works, any topsoil
salvaged and stored earlier shall be spread evenly, over the areas from which it
was removed.

. Native plant species shall be used to maintain biodiversity, reduce opportunity for
weed establishment, and maintain wildlife habitat.

. Vegetation and indigenous seed salvaged during clearing operations shall be used
with the objective of establishing plant communities similar to pre-construction
conditions.

. Rehabilitation measures shall actively promote the regeneration of native
groundcover and shrubs.

. Where appropriate, habitat structural elements such as rock groupings and
vegetation shall be placed at the outer edges of the pipeline rights-of-way and
other construction areas to enhance wildlife use of the area while not impeding
operation and maintenance requirements.

3.19 Contingency Planning and Emergency Response

The following measures relate to all construction activities that have the potential to
result in an unplanned environmental incident or emergency. Incidents of particular note
are hydrocarbon or chemical spills, fire, wildlife injury, discovery of cultural heritage
material and extreme weather conditions.

General
. All relevant personnel shall be trained in environmental incident response and
reporting.
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. Response measures shall be consistent with legislation, regulations, and
conditions of the Development Approval.

. Contingency response planning shall conform to the Gorgon Development’s overall
Emergency Response Plan.

. A list of emergency response contact names and numbers shall be kept on-site at
all times.

Hydrocarbons and Chemical Spills

. A complete inventory of chemicals shall be maintained.
. Wherever practicable non-hazardous (or less hazardous) materials shall be

selected.
. Oil and chemical-use areas shall be appropriately contained.
. Fuel and chemical storage, handling and distribution systems, and areas where

vehicles, plant and machinery are stored shall be regularly inspected to identify,
repair and respond to leaks.

. Regular maintenance of dredges, drilling rigs, barges, supply vessels, plant and
equipment shall be conducted to reduce the chance for equipment failure, spills
and leaks. Maintenance logs shall be kept for all major vessels, plant and
equipment.

. Fuel storage tanks, handling areas, drainage and bunding systems shall be
inspected and maintained with particular emphasis on condition and performance
of foundations and supports, serviceability of fittings, vents, valves and lines and
condition of welds, surface corrosion and paintwork.

. A scheduled and systematic inspection for general leaks and spills shall be
undertaken on all marine vessels, plant and equipment.

= Marine and shoreline sites that are potentially susceptible to contamination shall be
monitored to detect potential impact from hydrocarbon or chemical leaks and spills.
. Records of liquids received, stored and dispensed shall be maintained and

reconciled. Where any discrepancy in records indicates that leakage may be
occurring, the facilities shall be subjected to investigation.

. All port authority and pollution prevention regulations shall be adhered to when
delivering product from supply vessel to drilling rig, lay barge, dredgers and
support vessels.

. Safe fuel transfer procedures shall be adopted.

. Refuelling of marine vessels shall only be conducted under suitable sea-state and
visibility conditions.
. Dry break couplings and floating hoses shall be used where appropriate.

. Tanks and machinery shall be equipped with measurement and overflow protection
(e.g. flow and level meters, relief valves, overflow protection valves and emergency
shut off).

. Refuelling activities shall be visually monitored.

. An Qil Spill Contingency Plan (OSCP) shall be developed to address all credible
spill scenarios, and must be approved by relevant regulatory agency prior to
undertaking the construction activity to which it relates.

. Sufficient and appropriate equipment, materials and resources shall be available to
respond to a spill incident.

. Absorbent materials shall be available on equipment to handle small hydrocarbon
or liquid chemical leaks or spills. Spill kits shall be provided where spills are
possible.

. Upon finding a spill or leak, the person on-site shall report the incident
supervisory/management personnel.
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. Any spillage shall be cleaned up immediately and the materials used in the clean
up shall be disposed of safely. Affected areas shall be monitored to determine
effectiveness of remediation.

. Hydrocarbon spills shall be reported to the DoIR in compliance with P(SL)A
(Management of Environment) Regulations 1999 (WA) and other relevant
regulatory authorities in accordance with the approved OSCP.

Fire

The following measures shall be undertaken to minimise the likelihood of fire occurring,

and quickly deal with potential effects if fire does occur:
A list of available equipment and manpower to be employed on the Development
including an organisation chart identifying personnel, contact numbers and
responsibilities on the job site, shall be prepared.

. Fire control measures to be taken by each crew (i.e. welding, fuel transportation

and handling, equipment servicing, etc) and for the work proposed, shall be clearly

documented and communicated.

All earthmoving equipment shall be fitted with spark arrestors or similar devices.

Each vehicle shall be outfitted with a fire extinguisher.

Fires associated with recreational BBQs shall be prohibited.

Appropriate fire fighting equipment shall be stored at all suitable work sites in

accordance with relevant regulations.

. Fire fighting equipment shall be inspected and well maintained.

. Flammable material shall be cleared from around potential fire ignition sources.

. When not in use machinery and vehicles shall be parked in areas free of
flammable material and vegetation (e.g. not parked over shrubs, tall grass or
cleared vegetation residue).

In the event that a fire is ignited the following shall be undertaken:

. On-site personnel shall immediately report the fire to the Development component
Site Manager.

. Gorgon Joint Venturers and the contractor shall carry out initial fire suppression
and take all reasonable steps to extinguish a fire that spreads beyond an area
authorised or intended for burning.

. The Gorgon Joint Venturers and the contractor shall mobilise heavy equipment,
man power, and water trucks as necessary for fire suppression.

. All fires observed shall be reported immediately to the Barrow Island Operations
(Dial 9001) and to CALM.

Archaeology and Cultural Heritage Resource Discovery

The following measures shall be undertaken to ensure appropriate management of
cultural heritage:

. All areas likely to be disturbed shall be assessed for cultural heritage by a qualified
archaeologist with appropriate input from Indigenous community representatives.

. All personnel and contractors on site shall be advised that it is an offence under
legislation to interfere with a site or collect artefacts.

. Site clearing works shall be monitored by suitably qualified personnel to ensure
only designated areas are disturbed.

. Monitoring activities shall seek to identify potential for new discovered cultural
heritage material uncovered during site clearing.

If an archaeological or cultural heritage site or artefacts are discovered during
construction, the following site management measures shall be undertaken:
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. All work shall cease at the location and an archaeologist shall be notified.

. The Development component Site Manager, contractor supervisor, and the Gorgon
HES Manager shall be notified immediately.
. All reasonable efforts to protect the site or artefacts shall be made. For example,

buffer zones shall be established or temporary barriers (i.e. stakes and appropriate
flagging) shall be erected.

. No material shall be further disturbed or removed without appropriate authorisation.

. Construction workers and operational personnel shall comply with the instructions
of the archaeologist. Construction may continue at an agreed distance away from
the site.

. At the same time as other individuals and agencies are contacted, the
archaeologist or cultural heritage monitor shall notify Indigenous people of the
discovery, the steps which have been taken and make appropriate arrangement for
nominated Indigenous people to attend the site, if not already present.

. Indigenous people shall be consulted regarding the management of the material
once indigenous origin has been determined.
. No further work at the locations sahll be undertaken until all parties have been

consulted and agreement has been reached.

If Indigenous sites cannot be avoided then:

. An application should be made under Section 18 of the Aboriginal Heritage Act
1972 (WA) to disturb the required sites.

. A detailed recording of the site(s) shall be undertaken by qualified archaeologists.

. If the potential for sub-surface cultural material is identified the site will be test-
excavated to determine this potential. A Section 16 permit (Aboriginal Heritage Act
1972) will need to be obtained from the DIA to conduct this work.

. Indigenous people will be consulted regarding the proposed site disturbance.

Should human remains be discovered, the following legislation will apply:

- Coroners Act 1996 (WA) — all human remains
. Aboriginal Heritage Act 1972 (WA) — (Indigenous burials)
. Commonwealth Aboriginal and Torres Strait Islander Heritage Protection Act 1984

— (Indigenous burials).

On discovery of skeletal material:

. All work shall cease at the location and the archaeologist and cultural heritage
monitor shall be notified, if not already present at the location.

. The Development component Site Manager, contractor supervisor, and the Gorgon
HES Manager shall be notified.

. All reasonable efforts to protect the remains shall be made. The material shall not
be removed or disturbed further but buffer zones or temporary barriers may be
appropriate.

. Construction workers and operational personnel shall comply with the instructions
of the archaeologist. Construction may continue at an agreed distance away from
the site.

. All personnel and contractors on site should be advised that it is an offence under
the Coroners Act 1996 (WA) and the relevant heritage legislation to interfere with
the remains.

. Under Section 17 of the Coroners Act 1996 (WA) the local Police/Coroners office
will be notified. Direction in the first instance should be taken from the Police.
However, given the potential significance of any burials, an archaeologist/physical
anthropologist with demonstrable experience in excavating Indigenous and
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historical burials should supervise the removal of the human remains, as the skills
required for this form of excavation are likely beyond that of police forensic teams.
If human remains are suspected to be Indigenous then the Registrar of Aboriginal
Sites at the Department of Indigenous Affairs (DIA) will be informed. In addition the
Federal Minister for Indigenous Affairs Office needs to be informed.

At the same time as other individuals and agencies are contacted, the
archaeologist or cultural heritage monitor shall notify Indigenous people of the
discovery, the steps which have been taken and make appropriate arrangement for
nominated Indigenous people to attend the site, if not already present.

Indigenous people shall be consulted regarding the management of the material
once indigenous origin has been determined.

No further work at the locations shall be undertaken until all parties have been
consulted and agreement has been reached.

The location of the burial shall be recorded in sufficient detail for its future
protection.

In consultation with the Police/Coroner and DIA staff steps will be taken to identify
the skeletal material. A physical anthropologist shall need to be engaged to
complete this task on site.

Wildlife Incidents

The following environmental protection measures shall be adopted to avoid, mitigate or
respond to incidents that result in impacts to wildlife:

Development personnel shall not be permitted to intentionally harass or harm
wildlife on or near the worksite, or along access routes to the worksite.

Vehicles and equipment shall be operated in accordance with Section 3.8.

All work-site personnel shall be inducted regarding the proper response to wildlife
encounters (including unexpected encounters).

Vehicle collisions with wildlife on the worksite or access routes shall be reported to
the Site Environmental Officer.

The appropriate care and handling of injured animals will be identified in a plan
prepared in consultation with CALM.

The Site Environmental Officer shall maintain a record of all reportable wildlife
incidents and non-compliance.

Weather and Climatic Events

The following environmental protection measures shall be adopted to avoid or mitigate
impacts associated with high intensity cyclonic rainstorms that have the potential to
result in flooding and erosion:

During high-risk season(s), a reserve of suitable material and equipment shall be
located on-site to mitigate potential erosion and sedimentation due to heavy rainfall
events.

Drainage channel crossings shall be designed and constructed in a manner that
minimises sediment release (e.g. erosion berms, silt fences and retention/settling
basins), does not prevent or unnecessarily restrict water flows and is capable of
accommodating locally significant rainfall events.

Installed retention/settling basins shall be cleaned and maintained regularly.
Construction site drainage shall be regularly reviewed for the potential to
temporarily diverting storm water away from area and materials susceptible to
erosion.
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4.0 ENVIRONMENTAL INSPECTION AND MONITORING

The environmental inspection and monitoring program will record compliance with
required environmental management procedures and shall be used to evaluate the
effectiveness of the environmental protection, mitigation, contingency planning,
emergency response and rehabilitation measures.

4.1 Environmental Inspection

The Gorgon Development will be subject to a comprehensive inspection program. In
accordance with standard industry practice, construction activities (such as clear and
grade, blasting, welding, testing, etc), will undergo quality assurance inspections by
dedicated technical inspectors. As part of the inspection program, appropriately qualified,
trained and experienced Site Environmental Officers, will have an inspection role. These
personnel will work with specialist environmental inspectors (such as marine monitors,
quarantine inspectors and archaeologists). The inspection program (covering
environmental, health, safety, trade, and utility inspections) will be coordinated by
Construction Manager.

4.2 Environmental Monitoring

Environmental monitoring will be undertaken at a wide variety of locations and times to
qualitatively and quantitatively evaluate the success of environmental management and
protection procedures, including, but not limited to: rehabilitation, waste minimisation and
management procedures, the effectiveness of fauna protection, access to existing
Barrow Island Lease assets, erosion control and other control measures.

The programs will aid in the early identification of potential environmental issues and will
fulfil the due diligence requirements of the Joint Venturers to document effective
environmental performance, as well as any shortcomings during the construction period.
In particular, the monitoring programs will aim to:

. identify environmental changes and, specifically, identify those changes resulting
from the Development construction
. survey topics that are specified in permits, licenses, and approvals

. determine actual versus predicted change

. review and improve upon the EMPs.

. contribute to the assessment of the effectiveness of environmental management
procedures (including those related to quarantine risks)

. provide data for the assessment of adherence to EMPs and licence conditions.

Monitoring programs will be conducted by appropriately qualified personnel. These
programs will be periodically reviewed and modified to assure continued
appropriateness. Records of all monitoring activities will be retained to facilitate the audit
program.

The programs will investigate a range of construction issues including:

. the volume and composition of waste discharges

. the volume and composition of air emissions, including greenhouse gas emissions
- dredging effects

. the rate, extent and success of rehabilitation
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. the detection, control and eradication of potentially introduced animals, plants and

diseases
. presence and abundance of rare fauna
- protection of sites of cultural and historical significance.

5.0 AUDITING

5.1 Compliance Auditing

Compliance auditing shall be undertaken throughout the design, construction, operations
and decommissioning phases of the Gorgon Development. An audit program will be
developed in consultation with the Environmental Audit Branch of the Department of
Environmental Protection and the Commonwealth Department of Environment and
Heritage. This program will define the scope and timing of audits. Generally, audits will
assess compliance with regulatory requirements, licence conditions and matters covered
in the detailed EMPs and the EMS.

The audit methodology shall be based on objective evidence that will generally comprise
review of documented environmental records, direct observations of activities and
interviews with relevant personnel.

6.0 REPORTING

6.1 General

Information management will be a key aspect of the successful execution of the design,
construction and operations phases of the Development. Numerous environmental
reports and audits shall be required to record details such as the progress of work,
monitoring of key physical and environmental factors, incidents, complaints and their
status and resolution, compliance and performance. Reporting procedures will be
consistent with regulatory (notably those under the Barrow Island Act), and as agreed
with the EPA and DEH.

The proposed major reports, as well as the individual roles and responsibilities for
reporting are outlined in

Table 6: — Key Reporting Requirements and Responsibilities

Report Prepared by Submitted to Content
Daily Gorgon Site Development Daily log of activities. Daily general
Environmental Environmental component Site discussion and communication with job
Report Officer Manager and site inspectors and contractors.
Gorgon HES Identification of specific issues and
Manager potential incidents. Forward planning and
scheduling
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Report Prepared by Submitted to Content
Weekly Gorgon Site Development On-going compliance activities, priority
Environmental Environmental component Site actions, review of completed and
Report Officer Manager and scheduled construction activities.
Gorgon HES Summary of incidents and reporting (as
Manager required).
Environmental Gorgon Site Development Issues, practices or incidents which may

Incident Report
(as required)

Environmental
Officer and other
Specialist
Consultants

component Site
Manager, Gorgon
HES Manager, and
Barrow Island
Coordination
Council and DoE for
waste discharges

impact the environment. Actions taken to
avoid, mitigate, investigate and respond
to the incident, procedures for evaluation,
follow-up of the success of actions taken
and closure of actions.

Monthly Gorgon HES Gorgon Summary of monitoring data along with
Environmental Manager Development assessment of progress against EMPs.
Monitoring Management, Report on staffing and compliance issues.
Report Barrow Island Summary of compliance auditing reports.
Coordination Requirements for EMP or procedure,
Council reporting or communications adjustments.
Record of any significant incidents and
follow-up.
Quarterly Barrow Island Gorgon Summary of feedback compliance
Environmental Coordination Development monitoring, issue management, actions
Monitoring Council, Gorgon Management, EPA, and activities taken to respond to
Report HES Manager DolR and DEH environmental issues. Scheduling and
environmental performance review.
Six-monthly Barrow Island Gorgon Summary and update of Development

Progress Report

Coordination
Council, Gorgon
HES Manager and
Gorgon Development

Development
Manager, EPA,
DolR, DEH and
public stakeholders

progress, compliance monitoring and
results, complaint and environmental
incident reporting and follow-up. Overall
performance evaluation and compliance

Stakeholder with EMP/EMS objectives.
Communications
Manager

Internal Gorgon Site Gorgon HES Assessment of progress against EMP

Development
Environmental
Audit

Environmental
Officer, Specialist
Consultants

Manager, Gorgon
Development
Management

including non-compliance and corrective
action reports where required.

6.2

Non-Conformance, Incident and Corrective Action Reporting

Where monitoring and/or audits indicate that performance does not conform to
environmental management requirements, or further improvement in performance
standards is necessary, corrective action will be required.

Investigation and corrective action procedures shall be established to:

. determine the cause of non-conformance

. identify and implement corrective action

. initiate preventative actions

. apply controls to ensure that preventative actions are effective

. record any changes in written procedure resulting from the corrective action.

Corrective actions shall include management responsibilities for addressing, tracking and
close-out of incident investigations, audits, inspections and monitoring programs.
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Chevron Australia has a robust and proven incident management and investigation
process. The Gorgon Development shall review, revise, document and adopt this

process where appropriate.

This process shall include:

. management roles and responsibilities in incident investigation

. root-cause analysis for significant events and near misses

. periodic evaluation of incident cause trends to determine where improvements in
systems, processes, practices or procedures are warranted

. procedures for sharing of relevant lessons learnt

. procedures for follow-up and closure of actions.
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Attachment 1

Matrix of Development Components and Activities
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1 Executive Summary

The Gorgon Venture proposes to develop the Gorgon gas fields. The Gorgon gas
development proposal includes establishing a gas processing facility within a limited area
of Barrow Island. Currently, two LNG trains are proposed, each with a production
capacity of 5 Mtpa.

Atmospheric emissions from the LNG plant will vary depending on the operating and
tanker loading conditions. These include normal plant operations, ship loading and non-
routine operations such as plant start up, plant shutdown and emergency venting of the
CO, gas stream.

Two different atmospheric dispersion models were used to assess the impacts.
DISPMOD modelled near-field dispersion of combustion products, while TAPM was
used to evaluate regional impacts in the form of photochemical smog and the local
deposition of combustion products.

Results indicate that the proposed facility will increase NO, concentrations but these will
remain well below the relevant NEPM standard of 120ppb across the island. From a
regional perspective, although current industrial emissions on the Burrup Peninsula may
give rise to relatively hight peak concentrations on rare occasions, the proposed LNG
facility makes negligible impact on these peaks.
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2 Introduction

The proposed gas processing plant will be located at Town Point on the central-east
coast of Barrow Island. The development of the gas processing facility would occur in
different phases based on market demand. This has been assumed to be achieved via the
construction of one LNG train with a nominal capacity of five million tonnes per annum
and a second similar capacity train as soon as there is sufficient market demand
(anticipated to be within a few years of the first train).

During operation of the LNG plant, atmospheric emissions of greenhouse gases and
other combustion products will occur. Ozone depleting substances may also be released.
These air emissions have potential global, regional and local impacts. For example global
effects are caused by the accumulation of greenhouse gases and the depletion of ozone in
the stratosphere. Regional impacts are those encountered from several kilometres to
several hundred kilometres of the source. Potential regional impacts could be related to
gases such as volatile organic compounds (VOCs) and NO, that react at ground level or
sea level to form ozone. Ground-level ozone does not replace the ozone depleted in the
stratosphere, but remains in the stratosphere where it can contribute to health problems.
Local effects are related to health effects, e.g. due to an increase in exposure within the
LNG plant.

The Gorgon Venture is proposing to employ the latest production technology, resulting
in reduced emissions over similar LNG facilities currently operating in Australia. Use of
the latest technology has eliminated all emission sources except combustion of clean-
burning natural gas. The principal emission from the plant will be NO,. Consequently,
an assessment of the likely impact on downwind nitrogen dioxide concentrations and
potential photochemical smog has been conducted.

This report presents an estimate of the emissions from the LNG plant based on
preliminary design information, and an assessment of the impact using atmospheric
dispersion modelling. All combustion sources are assumed to have stack heights and
emission velocities sufficient to prevent building wake effects. This requirement will be
included in all relevant design specifications.

The report is divided into three sections as follows:

. Section 3 describes the likely emissions from the facility;
. Section 4 presents the relevant air quality criteria;
. Section 5 presents the atmospheric dispersion modelling results.

As requested by the Department of Environment, the modelling study predicts
concentrations from existing sources in the area and the contribution from the proposal.
Regional impacts are also addressed. Non-routine operating conditions are also
considered, including start-ups, emergency flaring and venting due to failure of CO, re-
injection system.
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3 Emissions to Atmosphere

A full description of the gas processing facility is provided in the EIS/ERMP. Only a
summary is presented in this document.

The gas processing facility would separate gas and condensate (light oil) received from
the Gorgon gas fields. After separation from the gas, the condensate will be stabilised
prior to shipping to market. The gas component of the stream will then be treated to
remove carbon dioxide (CO,), hydrogen sulphide (H,S), trace amounts of mercury (Hg)
and water vapour. At this point the gas can be either liquefied for export as LNG,
compressed and exported as domestic gas or utilised as feed gas other gas processing
facilities.

Atmospheric emissions from the LNG plant will vary depending on the operating and
tanker loading conditions. These include normal plant operations, ship loading and non-
routine operations such as plant start up, plant shutdown and emergency venting of the
CO, gas stream. Itis expected however that normal conditions will predominate for the
great majority of the time and will occur in excess of 92% 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 for 4 to 5 days per year, with
another 22 days where the plant is shutdown for maintenance. Emergency operations
may occur for up to 10 times per year. A shutdown will result in less than 1 hour of peak
flaring, while start-up will be of approximately 6 hours duration.

31 Emissions from Normal Operation of LNG Plant

Combustion Products

The principal emissions from the LNG process arise from combustion of natural gas.
The most significant products of gas combustion include: carbon dioxide (CO,), oxides
of nitrogen (NO,) and carbon monoxide (CO) and unburnt hydrocarbons (VOCs).
There may also be traces of particulate and sulphur dioxide (SO,) but such emissions are
generally considered negligible due to the firing of very low sulphur content natural gas
in a controlled environment. NO, will be the predominant pollutant.

Combustion sources from the 10 Mtpa LNG plant include:

. Power generation: 3 x Frame 9 gas turbines with dry low NO_ burners.

. Gas compressors: 4 x Frame 7 gas turbines with dry low NO_ burners powering
direct drives with heat recovery steam generator to produce steam for steam drives.

. Package boilers: 2 x boilers raising the equivalent of 150 MW of steam.

Emissions of nitrogen dioxides would be minimised by the use of low-NO, burners in all
gas turbines. Emissions of sulphur oxides are expected to be low, as 75% of fuel gas
would be sourced from treated “end-flash” gas that has negligible sulphur content.

Initial sulphur levels in the raw feed gas would also be very low. Any hydrogen sulphide
in the raw feed gas would be removed along with CO, in the “acid gas” removal process
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and re-injected into saline reservoirs 2000 m below Barrow Island. There would be no
continuous hydrocarbon vents or emissions.

Table 3-1 lists the emissions produced from combustion during normal operation of the
10 mtpa LNG plant. The model input files presented in Appendix A give details of
chimney heights and exhaust conditions.

Table 3-1 Combustion Emissions during Normal Operations

Source Emissions
NOx Particulate
(kg/hr) (tpa) (kg/hr) (tpa)
Frame 9 gas turbines 190 1700 12 105
Frame 7 gas turbines 240 2100 10 80
Boilers 70 630 7 56
Total 500 4430 29 241

Non-combustion Products

Major sources of potential fugitive emissions include volatilisation from storage and
loading of products, compressor seals and component leaks (e.g., valves, flanges and
pumps). The use of latest engineering practices has significantly reduced the level of
fugitive emissions from gas plants. Historically, compressor seals have been a significant
source of fugitive emissions from gas processing facilities. The proposed Gorgon gas
development would utilise dry compressor seals that virtually eliminate fugitive emissions
from this source. Vapour recovery on storage and loading facilities would be utilised
where practicable. Selection of equipment would include consideration of the potential
for fugitive emissions.

Typically almost all of the emissions from an LNG plant occur from the CO, removal
process. The Gorgon Joint Venture has implemented several strategies to virtually
eliminate BTEX emissions from the gas development. Gorgon has approached this issue
in three ways:

. Re-injection of CO,and associated traces of BTEX and H,S

. Use of a MDEA solvent to minimise the removal of BTEX from the gas stream

. Hydrocarbons from the CO,waste stream are recovered and sent back into the
process or used as fuel gas.

Under normal operations there will be no emissions due to the CO, removal process.
The only other potential source of BTEX from the facility is from the regeneration of
MEG and TEG. In both these cases a similar regeneration process is used with the
BTEX rich flash gases being recovered back to the process.
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The proposal will include two 135 000 m’ LNG storage tanks. The tanks will include
both a double containment system and a vapour recovery system. Any LNG boil off gas
will be captured and returned to the LNG plant as fuel gas for the turbines.

There will also be two 35 000 m’ condensate storage tanks, which will have internal
floating roofs to minimise fugitive emissions.

There will a vapour recovery system installed for the loading of LNG tankers. As with
the storage tanks, any LNG boil off gas will be captured and returned to the LNG plant
as fuel gas for the turbines. Itis proposed to load condensate through the existing WA
Oil tanker loading facility. This facility does not have a vapour recovery system, so there
will be minor emissions of VOC:s.

3.2 Emissions from Non-Routine Operation of LNG Plant

To minimise the risk to personnel and the plant in the event of process upsets, flaring
will be used as a safety measure to release gases from high pressure vessels rather than
venting. Gas processing facility flare systems collect and dispose of hydrocarbons
released during start-up, shutdown, upset and emergency conditions. Where practicable
and without compromising the safety of the plant and personnel, all significant
continuous flaring or venting sources will be eliminated.

Emissions from flaring will occur due to emergencies, process upsets, plant start-up and
plant shutdown. The design will incorporate a high efficiency flare to minimise the
portion of unburnt hydrocarbon to as low as reasonably practicable. The height of the
flare will depend on the final facility layout and flare structure location, but is expected to
be approximately 120 m.

It is expected that the LNG plant will be shut down for sufficient time to require a cold
start on up to ten occasions per year. Each start up will be of approximately 6 hours
duration, during which time scrub overheads, which represent 30% of the normal flow
rate of a single train, will be directed to the dry gas flare. Maximum emissions from the
flare include up to 420 kg/hr of particulate matter and 25 kg/ht of oxides of nitrogen.
Peak emissions are unlikely to remain at the full maximum for the full duration of the
start-up process.

During a cold start power will be supplied by a 5 MW diesel generator, which could
discharge approximately 75 kg/hr of oxides of nitrogen. The only appreciable emissions
of SO, will occur from operation of the diesel generator where a maximum emission of
3.6 kg/hr may occut.

Shutdowns of the LNG plant could take several forms. They could be required for a
planned maintenance program, in which case there will be the opportunity to minimise
emissions. Alternatively, there could be an emergency shutdown of both trains,
requiring release of the total plant inventory of LNG, feed gas etc. In cither case, gases
will be released via both wet and dry flares. It is anticipated that such emergency
situations will occur less than ten times per year and be of less than one hour peak
flaring. The total design capacity of the two flares is 4200 t/hr and this will represent a
worst case event. Maximum emissions from the two flares include up to 2500 kg/hr of
particulate matter and 160 kg/hr of oxides of nitrogen.
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It is proposed to re-inject reservoir carbon dioxide into saline reservoirs beneath Barrow
Island. Emergencies may occur, for example failure of the CO, compressor unit,
whereby the re-injection system is not available. In this event, it will be necessary to vent
CO, from both trains to the atmosphere. As H,S is also present in the feed gas, it will be
released with the CO,. Itis estimated that approximately 100 kg/hr of uncombusted H,S
will be vented with the CO,. The LNG plant will continue to operate normally whilst
venting of the CO, and H,S occurs. Therefore, the emissions of these two gases will be
the same as for that described for “normal operations”.

Table 3-2 gives a summary of emissions resulting from non-routine operation of the
LNG plant.

Table 3-2 Emissions from Non-routine Operation of LNG Plant.

Operating Scenario Emissions
NO, H,S SO, Particulate
(kg/hr)
(kg/hr) (kg/hr) (kg/hr)
Shutdown 160 0 0 2500
Emissions are for worst case,
emergency shut down of both
trains
Start-Up 378 0 3.6 440
For both trains
Failure of CO, Re-Injection Systen 500 100 <1 29
3.3 Existing Emission Sources

Local Emissions

Current atmospheric emissions on Barrow Island are associated with existing oil field
operations and include emissions from diesel and gas engines, the local power station,
ground based flare and crude oil storage and transport.

The Central Power Station which consists of 2 x 2.5 MW gas turbines fuelled by low
pressure gas supply, is currently the main source of power generation for Barrow Island.
Products of combustion are the most significant emissions from the turbines, with oxides
of nitrogen being the predominant pollutant.

A summary of current atmospheric emissions is presented in Table 3-3.
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Table 3-3 Current Annual Atmospheric Emissions from Barrow Island (from
Barrow Island Annual Environmental Report, 2003).

Source Description SO, NO, VOC CO
(tonne) (tonne) (tonne) (tonne)

Diesel Engines 3 - - -
Barrow Island Power Station - 927 23 736
Barrow Island Well field - 638 19 582
Operations
Crude oil transport and storage - - 33 -
Flare 26 31 246 169
Flashing - - 18 -
Venting - - 502 -
Fugitive Emissions - - 544 -
Total 29 1596 1385 1487

Regional Emissions

At the time of writing, the existing industrial activities that emit significant quantities of
related contaminants to the proposed LNG plant include:

. The Woodside onshore gas treatment facility on the Burrup Peninsula including
the domestic gas plant, LNG and LPG facilities;

. Hamersley Iron’s power station at Parker Point near Dampier.
Woodside is also currently constructing Train 4 for their existing facility.

Table 3-4 lists emissions from these sources and compares them with the proposed LNG
plant under normal operations.

Table 3-4 Regional Industry Emissions as modelled.

Soutrce Emissions (kg/hr)
NO, as NO, vVOC
Dampier Power Station 76 0
Woodside Facilities (with Trains 911 4752
4 and 5)

As part of the assessment of regional photochemical reactions, it is necessary to also
account for both biogenic and area source emissions from the general area. A recent
study of the Pilbara region undertaken by CSIRO Atmospheric Research and the
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Department of Environmental Protection (CSIRO, DEP 2001) has evaluated these
emissions with respect to determining appropriate dispersion models for the region. The
relevant data input files for TAPM used were provided by the CSIRO.
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4 Air Quality Criteria

Within Western Australia, the Environmental Protection Authority (EPA) assesses any
new project in terms of emissions at stack and the resultant ambient ground level
concentrations.

4.1 Emission Standards and Limits

For emissions from industrial sources, the EPA requires that “all reasonable and
practicable means should be used to prevent and minimise the discharge of waste” (EPA,
1999a). For new assessments 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 oxides of nitrogen emissions from gas
turbines, with limits for emissions following the AEC/NHMRC National Guidelines
(EPA, 2000). These limits are 0.07 g/m’ (STP, dry and 15% O,) for gaseous fuels” and
0.15 g/m’ for “other fuels”. The Guidance Statement goes on to say that modern
natural gas-fired systems, employing NO, control technology can be expected to achieve
lower emissions than 0.07 g/m”.

4.2 Ambient Air Quality Standards

For ambient ground level concentrations, the EPA does not have state-wide standards.
For these, the EPA requires that pollutants meet the National Environmental Protection
Measure (NEPM) standards (NEPC, 1998) as listed below in Table 4-1. These specify a
maximum concentration and the goal that is to be achieved within 10 years.

Table 4-1 Relevant Environmental Protection Measures — Standards and Goals.

Pollutant Averaging Period Maximum Goals within 10 years
Concentration Maximum allowable
exceedences
Nitrogen Dioxide 1 hour 0.12 ppm (246 m/m?3) 1 day per year
1 year 0.03 ppm (62 um/m?)
Photochemical oxidants 1 hour 0.10 ppm (214 wm/m?3) 1 day per year
(as ozone)
4 hours 0.08 ppm (171 pm/m?) 1 day per year
Sulphur dioxide 1 hour 0.20 ppm 1 day per year
1 day 0.08 ppm 1 day per year
1 year 0.02 ppm none
Particles as PM10 1 day 50 ug/m? 5 days a year
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These NEPM standards and goals have not been implemented in legislation throughout
the state as yet, the DoE intend to implement them through the development of a state-
wide Environmental Protection Policy (EPA, 1999b). Throughout Western Australia,
these standards apply outside industrial areas and residence free buffer areas around
industrial estates” (EPA, 1999b, pp3).

For other pollutants, the DoE tends to reference the lowest standards that are in use
throughout Australia. For this plant, the only other pollutant of concern is hydrogen
sulphide. For this project the Victorian State Environmental Protection Policy (Victorian
Government Gazette, 2001) design ground level concentration of 470 ttg/m’ (0.32 ppm)
for a 3-minute average has been adopted. This concentration corresponds to the toxicity
level, it is likely that odour from the gas will be detected at a much lower concentration.

These standards apply outside industrial areas and residence-free buffer areas around
industrial estates. With no formally defined industrial buffer zone applied to Barrow
Island, we have elected to apply the NEPM at the nearest permanent residence, namely
the current ChevronTexaco accommodation facility.
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5 Atmospheric Dispersion Modelling

5.1 Important Dispersion Processes

For pollutants released in near coastal environments the following four dispersion
processes are considered important:

. Dispersion under convective conditions when the buoyant plumes can be mixed to
ground level within a short distance of the stacks;
. 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. For onshore flows during the day time, the relatively cooler, stable
onshore air will be warmed by the heated land surface. As such, a region of
unstable convective turbulence (the TIBL) will grow with distance downwind. For
tall stacks sited at the coast or very buoyant plumes, the plumes will rise above the
TIBL and initially be relatively concentrated, not having had an opportunity to
disperse. Further inland when the TIBL has grown to the height of these plumes,
the plumes will then undergo rapid vertical mixing resulting in relatively high
ground level concentrations. Alternatively plumes from short stacks and/or low
buoyancy plumes will remain trapped beneath the TIBL resulting in higher ground
level concentrations than would otherwise occur;

. The influence of the buildings and structures around facilities that may lead to
increased dispersion and reduced plume rise from the stacks; and
. The presence of terrain features like hills and ridges in the surrounding area can

impact on dispersion and be subject to elevated concentrations.

To assess all four processes, two models CALPUFF and TAPM are available.

CALPUFF (Californian Puff model) performs well under convective conditions, allows
for puffs to drift in light winds or to be recirculated and can cover both local and
regional scales. However, CALPUFF has not been used in this study due to the long run
times and the complexities involved in establishing a suitable meteorological file. TAPM
is a 3-dimensional prognostic model that predicts both meteorology and dispersion of air
pollutants including the chemical transformations involved in the production of ozone
(EPA, 2004). TAPM is limited by the resolution of the grid and it is recommended that
alternative models be used to predict near source ground level concentrations. TAPM
has been used in this assessment to model:

. Regional impacts (ozone);

. Determine dry deposition rates; and

. Determine if building wakes will increase dispersion and reduce plume rise from
the stacks.

To predict local air quality impacts from existing and future industries in this study,
DISPMOD, the Western Australian Department of Environmental Protection (WA
DEP) dispersion model was used. DISPMOD was specifically developed to model
dispersion in coastal regions and under convective conditions.
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5.2 DISPMOD

DISPMOD is primarily suitable for near field predictions, particularly for non-reactive
gases and is the recommended model for predictions within 2 to 3 km of a source. In
general, it appears that this model is likely to over-predict concentrations but it has
limitations in areas where fumigation of recirculated emissions are involved, or where
area sources contribute to background emissions. DISPMOD was used for this project
to predict concentrations of NO,, SO,, H,S and particulates for the proposed plant over
a 5.5 by 8.5-km receptor grid.

The model used the following parameters:

. Dispersion in the layer above the TIBL governed by plume self generated
turbulence;

. Account for wind shear in the new PDF model;

. Numerical model to predict TIBL heights;

o Convective plume trapping cases to be modelled using the PDF approach; and

. Coastal file developed from the 1:100,000 Barrow Island topographical map.

TAPM ver2.5 (The Air Pollution Model) was used to obtain both the houtly surface
meteorological file and the upper air potential temperature lapse rate file required by
DISPMOD. TAPM is a prognostic three-dimensional model designed by CSIRO that
can used to predict meteorological and air pollution parameters on an hourly basis
(Physick e# a/ 2001). The meteorological parameters predicted by the model have been
compared to actual readings recorded during the Kwinana Coastal Fumigation study
(Hutley e 2/ 2000) and the Pilbara air quality study (Physick ez 2/ 2001). It was found that
the model predicts near-surface parameters very well while the upper parameters were
also well predicted. An observed file containing hourly wind speed and direction for the
year 2003 from the Bureau of Meteorology station at the Barrow Island airstrip was used
to ‘force’ the model.

The model was setup with the following parameters:

. Grid centre at 21°47°S and 115°27.5°E (339700E 7699950N);
o 30 km, 10 km, 3 km and 1 km grids nested at 21 x 21 x 20; and
. Elevation changed to agree with the 1:100,000 Barrow Island topographical map.

Maximum nitrogen dioxide concentrations were estimated from the DISPMOD
simulations by assuming the following relationship for all parts of the grid:

NO, = 0.3NO, + 14.39 for NO, > 20 .56 plg/m’

NO, = NO, for NO, < 20.56 tg/m’

This is based on monitoring data from Dampier, which shows the ratio of NO, to NOx
to generally remain well below 0.3.

DISPMOD was used to model both normal and non-routine operations.
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Appendix A gives examples of DISPMOD input files. All combustion sources are
assumed to have stack heights and emission velocities sufficient to prevent building wake
effects.

5.3 TAPM

Atmospheric Deposition on the Surrounding Environment

The deposition of atmospheric pollutants can occur through two mechanisms, these
being wet and dry deposition. Wet deposition describes the deposition of acidic
pollutants through rainfall, and is commonly referred at as “acid rain”. Dry deposition
refers to the fall-out of gases and particulates on the ground surface without any
interaction with water. Dry deposition tends to occur close to the source of pollution,
depending upon prevailing weather conditions, and dominates in dry climates (EPA,
2001). Dry deposition is expected to be the dominant mechanism on Barrow Island by
which atmospheric pollutants are deposited on terrestrial and aquatic environments.

It is important to note that there are large uncertainties with the predicted deposition
values predicted by TAPM. This uncertainty is present in all models that predict
deposition due to the large uncertainty in the water, soil and vegetation surface
resistances used. Extensive programs using both measurements and model calibration
are necessary to reduce this uncertainty, and this will only reduce the uncertainty in that
particular study area (Hurley et al, 2003). The deposition values presented in this report
can only be considered ‘indicative’ of what may occur until measurements can be
conducted to validate the model.

Regional Impacts

The impact of the operation of the LNG plant on regional air quality was investigated
using TAPM to model photochemistry. The model was run using both existing sources
and existing plus future on both Barrow Island and the Burrup Peninsula.

For this purpose, the model simulation was set up with the following parameters:

. Grid centre at 21°47°S and 115°27.5°E (339700E 7699950N);

. 30 km and 10 km grids nested at 31 x 31 x 20; and

. Biogenic and gridded inventory files obtained from the CSIRO (Hutley et al, 2003
and SKM 2003).

The existing sources on the Burrup Peninsula consisted of the Woodside Onshore
Treatment plant and the Hamersley Iron power station adjacent to Dampier. The stack
parameters and emission values were obtained from Hurley et al (2003). The stack
parameters for the existing sources on Barrow Island were not available, therefore the
stack parameters were taken as identical to a similar plant at the Woodside plant. NO,
and VOC emissions were obtained from the Barrow Island Annual Environmental
Report 2003 (ChevronTexaco Australia Pty Ltd, 2003).

The stack and emission parameters for the future sources on the Burrup were also
obtained from Hurley et al (2003) with the exception that Methanex, Dampier Nitrogen
and GTL were not included as these projects are unlikely to proceed. The future sources
on Barrow Island are identical to that used in the DISPMOD modelling for normal
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operations with the inclusion of a Rsmog emission rate of 0.4 g/s. Using a Rsmog of
this rate is considered an over-estimate as the process is using the latest production
technology that should reduce fugitive emissions of volatile organic compounds.

The stack and emission parameters are presented in Appendix A.

The same NO, emissions data was used as for the DISPMOD normal operations run
with 2 NO/NO, ratio of 0.9 for all sources.

Part of a sample list file for TAPM is presented in Appendix A.

5.4 Modelling Results

Local Ground Level Concentration

Normal Operations

Figures 5-1 and 5-2 present the local distribution of the maximum NO, concentrations
(ppm) for normal operations predicted using DISPMOD. The maximum 1-hour NO,
concentration predicted over the entire grid is 0.06 ppm, compared to the NEPM value
of 0.12 ppm. Similarly, the predicted maximum annual concentration of NO, is 0.003
ppm, which is approximately 10 times less than the NEPM value of 0.03 ppm.
Maximum annual averages occur to the north east of the proposed LNG plant, reflecting
the dominant south westerly winds.

Figure 5-3 presents the maximum predicted 24-hour PM10 concentrations (llg/m’) for
normal operations. The maximum predicted value of 3 [lg/m’ is approximately 6% of
the corresponding NEPM value of 50 plg/m’.

A summary of the maximum concentrations of the various pollutants for routine
operations is presented in Table 5-1.

Non-Routine Operations

As described in Section 3-2, under non-routine operations, emissions from the flare and
diesel generator will be much greater than under normal operations and potentially may
lead to higher ground level concentrations. Dispersion modelling was conducted to
predict the maximum concentrations of the various emissions resulting from the three
non-routine operating scenatios; shutdown, start-up and failure of the CO, re-injection
system. The modelling considered worst case emissions whereby both trains were
considered to in operating in the non-routine mode.

Maximum predicted 1-hour concentrations of NO, resulting from a cold start of both
trains of the LNG plant are presented in Figure 5-4. Maximum concentrations are
predicted to be well below the corresponding NEPM standards. The only other
emissions released during a cold start are small quantities of SO, (less than 5 g/s) and
particulate matter. As expected the dispersion modelling predicted that the ground level
concentrations of both emissions are well below the NEPM standards.

The only emissions due to an emergency flaring during shutdown are oxides of nitrogen
and particulate matter. Maximum 1-hour concentrations of NO, resulting from an
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emergency shutdown of the LNG plant are presented in Figure 5-5. The maximum
value of 0.049 Pg/m” is less than 50% of the relevant NEPM standard. The predicted
maximum 1-hour concentration of particulate during an emergency shutdown assuming
that the flaring occurred at the worst case meteorological conditions is 4561 [tg/m’. This

equates to a 24-hour average of approximately 200 [lg/m’. The maximum concentration
occurs within the boundary of the plant. The peak concentrations decrease rapidly with
distance from the plant, such that at the current ChevronTexaco accommodation camp

the maximum 24-hour particulate concentration is estimated to be 30 lg/m’, which is
below the NEPM standard of 50 pg/m”.

Maximum predicted 1-hour concentrations of NO, occurring during a failure of CO, re-
injection system are the same as those presented in Figure 5-1.. The maximum 3-minute
concentrations of H,S generated by flaring due to failure of CO, re-injection system are

presented in Figure 5-6. The maximum value of 113 [lg/m” is less than a quarter of the
Victorian EPA design ground level concentration of 470 pg/m’.

A summary of the maximum concentrations of the various pollutants for non-routine
operations is presented in Table 5.1.
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Figure 5-1 Maximum predicted 1-hour NO, concentrations (ppm) for proposed LNG plant under
normal operation
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Figure 5-2 Maximum predicted annual NO, concentrations (ppm) for proposed LNG
plant under normal operation
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Figure 5-3 Maximum predicted 24-hour PM10 concentrations (lg/m’) for proposed
LNG plant under normal operation
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Figure 5-4 Maximum predicted 1-hour NO, concentrations (ppm) for proposed LNG
plant under a cold start-up
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Figure 5-5 Maximum predicted 1-hour NO, concentrations (ppm) for proposed LNG
plant resulting from an emergency shut-down
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Figure 5-6 Maximum predicted 3-minute H,S concentrations (llg/m’) for proposed
LNG plant generated by flaring due to failure of CO, re-injection system
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A summary of the maximum concentrations of the various pollutants for non-routine
operations is presented in Table 5-1.

5.5 TAPM

Local Deposition Rates

The total dry deposition to the ground (vegetation, soil/rock and any water bodies) of
NO, from TAPM are presented in Figure 5-7. The highest NO, deposition rates occur
over water. This is considered to be primarily due to the deposition to vegetation being
dependent on daylight and the photosynthesis process and that TAPM uses a moderately

high solubility factor for NO,; the maximum deposition rates are around 180 000 Lg/m’
(1.8 kg/ha/year).

Compatison to the WHO (2000) critical load for N deposition of 15-20 kg/ha/year for
dry heathland, indicates that the deposition over land of between 0.2 to 1.8
kgNO,/ha/year (0.06 to 0.55kgN /ha/year) is relatively insignificant (0.4-3.6% of the
criteria).

Regional Impacts

Photochemical smog forms when pollutants such as nitrogen oxides and reactive organic
compounds react together under the influence of sunlight and high temperature. The
principal component of smog is ozone and consequently it is used to define smog levels.
Ozone near the ground (as distinct from the “ozone layer” that occurs tens of kilometres
up in the atmosphere) occurs typically in the range of 15 to 35 ppb and at such
concentrations is a coloutless gas. Ozone is a strong oxidant which reduces pulmonary
function and can damage vegetation and susceptible materials at higher levels.

Figure 5-8 presents the peak TAPM predictions for existing sources. The 1-hour
maximum concentrations of ozone are slightly higher than those predicted by the CSIRO
in their Burrup modelling (0.087 ppm to 0.081 ppm). This is thought to be mainly due to
the inclusion of emissions from Barrow Island. These emissions were based solely on
information supplied by (WA Oil) and consisted only of total annual emissions of VOC
and NO..

The maximum 1-hour concentrations of ozone (ppm) predicted for future operations are
presented in Figure 5-9. The modelling considered emissions from the current WA Oil
operations on Barrow Island, regional emissions (e.g. industrial plants currently in
operation or under construction on the Burrup Peninsula) and the proposed Gorgon
LNG plant.

With the inclusion of emissions from the proposed LNG facility, the maximum 1-hour
ozone concentration (anywhere on the grid) increased slightly from 0.087 ppm to 0.092
ppm. There is little change over the existing scenario, apart from an increase in
maximum ozone concentration to the south west of Barrow Island. The concentrations
predicted for the Burrup Peninsula and Dampier/Karratha region exhibit very little, if
any, change.

The maximum peak 1-hour ozone concentrations on the grid are predicted to be below
the NEPM standard of 0.10 ppm. Thus, while the current and proposed emissions on
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the Burrup Peninsula may give rise to relatively high peak concentrations on rare
occasions, the proposed LNG facility makes little impact on these peaks.
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Figure 5-7 Annual dry NO, deposition (Lg/m?*/yt) for proposed LNG plant
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Figure 5-8 Maximum 1-hour ozone predictions using TAPM for existing emissions
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Figure 5-9 Maximum 1-hour ozone predictions using TAPM for existing and proposed
LNG emissions
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Appendix A Model Input Files

Existing Sources

Source Location Height | Radius | EF | Velocity | Temperature PM10 NOXx S02 Rsmog
(Easting) | (Northing) (m) (m) (m/s) (K) (gls) (_gls) (gls) (gi
Woodside
GT4001 476910 7722765 40 1.98 2.7 20.2 777 0 13.5 0.2 0
GT4002 476910 7722800 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4003 476910 7722810 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4004 476910 7722845 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4005 476910 7722855 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4006 476910 7722890 40 1.98 2.7 20.2 777 0 13.46 0.24 0
1KT1410 476540 7722965 40 1.94 2.1 23.9 790 0 15.8 0.3 0
1KT1420 476590 7722965 40 1.94 2.1 23.9 790 0 15.6 0.27 0
1KT1430 476610 7722965 40 1.87 2.1 25.8 790 0 15.3 0.27 0
1KT1440 476660 7722965 40 1.87 2.1 26.3 806 0 15.5 0.27 0.4
1KT1450 476510 7722960 40 1.36 2.1 21.2 784 0 9.4 0.1 0
2KT1410 476540 7722845 40 1.94 2.1 23.9 790 0 15.8 0.3 0
2KT1420 476590 7722845 40 1.94 2.1 23.9 790 0 15.6 0.27 0
2KT1430 476610 7722845 40 1.87 2.1 25.8 790 0 15.3 0.27 0
2KT1440 476660 7722845 40 1.87 2.1 26.3 806 0 15.5 0.27 0.4
2KT1450 476510 7722840 40 1.36 2.1 21.2 784 0 9.4 0.1 0
3KT1410 476540 7722610 40 1.94 2.1 23.9 790 0 15.8 0.3 0
3KT1420 476590 7722610 40 1.94 21 23.9 790 0 15.6 0.27 0
3KT1430 476610 7722610 40 1.87 21 25.8 790 0 15.3 0.27 0
3KT1440 476660 7722610 40 1.87 2.1 26.3 806 0 15.5 0.27 0.4
3KT1450 476510 7722605 40 1.36 2.1 21.2 784 0 9.4 0.1 0
1F2001 477152 7722915 33 0.73 1.7 6 700 0 0.3 0 0
2F2001 477152 7722905 33 0.73 1.7 6 700 0 0.3 0.01 0
3F2001 477152 7722895 33 0.73 1.7 6 700 0 0.3 0.01 0
4F2001 476968 7722880 33 0.73 1.7 6 700 0 0.3 0.01 0
5F2001 476968 7722870 33 0.73 1.7 6 700 0 0.3 0.01 0
1KT2420 477035 7722698 24 1 2.5 40.7 816 0 9.4 0.1 0
1KT2430 477050 7722698 24 1.45 2.5 30.6 620 0 20.3 0.2 0
2KT2420 477065 7722698 24 1 2.5 40.7 816 0 9.4 0.1 0
2KT2430 477080 7722698 24 1.45 2.5 30.6 620 0 20.3 0.2 0
SealOil 476500 7722500 20 1 1 0 400 0 0 0 0.1
Hamersley
HAM_stack1 471500 7717000 60 1.3 1 7 393 0 5.7 1
HAM_stack2 471500 7717000 60 1.3 1 7 393 0 5.7 1 0
Barrow Island
BI_GT1 332000 7697000 30 1.98 2.7 20.2 777 0 25.3 0.3 0
BI_GT2 332000 7697045 30 1.98 2.7 20.2 777 0 25.3 0.3 0
Bl_OilSeal 331900 7697150 20 1 1 0 400 0 0 0 0.1
BI_Vent 332200 7697200 20 0.73 1.7 6 700 0 0 0 0.1
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Future Sources

Source Location Height | Radius | EF | Velocity | Temperature PM10 NOx S02 Rsmog
(Easting) | (Northing) (m) (m) (m/s) (K) (g/s) (g/s) (g/s) (g/s)
Woodside
GT4001 476910 7722765 40 1.98 2.7 20.2 777 0 13.5 0.2 0
GT4002 476910 7722800 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4003 476910 7722810 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4004 476910 7722845 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4005 476910 7722855 40 1.98 2.7 20.2 777 0 13.46 0.24 0
GT4006 476910 7722890 40 1.98 2.7 20.2 777 0 13.46 0.24 0
1KT1410 476540 7722965 40 1.94 2.1 23.9 790 0 15.8 0.3 0
1KT1420 476590 7722965 40 1.94 2.1 23.9 790 0 15.6 0.27 0
1KT1430 476610 7722965 40 1.87 2.1 25.8 790 0 15.3 0.27 0
1KT1440 476660 7722965 40 1.87 2.1 26.3 806 0 15.5 0.27 0.4
1KT1450 476510 7722960 40 1.36 2.1 21.2 784 0 9.4 0.1 0
2KT1410 476540 7722845 40 1.94 2.1 23.9 790 0 15.8 0.3 0
2KT1420 476590 7722845 40 1.94 2.1 23.9 790 0 15.6 0.27 0
2KT1430 476610 7722845 40 1.87 2.1 25.8 790 0 15.3 0.27 0
2KT1440 476660 7722845 40 1.87 2.1 26.3 806 0 15.5 0.27 0.4
2KT 1450 476510 7722840 40 1.36 2.1 21.2 784 0 9.4 0.1 0
3KT1410 476540 7722610 40 1.94 2.1 23.9 790 0 15.8 0.3 0
3KT1420 476590 7722610 40 1.94 2.1 23.9 790 0 15.6 0.27 0
3KT1430 476610 7722610 40 1.87 2.1 25.8 790 0 15.3 0.27 0
3KT1440 476660 7722610 40 1.87 2.1 26.3 806 0 15.5 0.3 0.4
3KT1450 476510 7722605 40 1.36 2.1 21.2 784 0 9.4 0.1 0
1F2001 477152 7722915 33 0.73 1.7 6 700 0 0.3 0 0
2F2001 477152 7722905 33 0.73 1.7 6 700 0 0.3 0.01 0
3F2001 477152 7722895 33 0.73 1.7 6 700 0 0.3 0.01 0
4F2001 476968 7722880 33 0.73 1.7 6 700 0 0.3 0.01 0
5F2001 476968 7722870 33 0.73 1.7 6 700 0 0.3 0 0
1KT2420 477035 7722698 24 1 2.5 40.7 816 0 9.4 0.1 0
1KT2430 477050 7722698 24 1.45 2.5 30.6 620 0 20.3 0.2 0
2KT2420 477065 7722698 24 1 2.5 40.7 816 0 9.4 0.1 0
2KT2430 477080 7722698 24 1.45 2.5 30.6 620 0 20.3 0.2 0
SealOil 476500 7722500 20 1 1 0 400 0 0 0 0.1
4KT1430a 476664 7722465 40 1.45 2 28.2 490 0 5 0.3 0
4KT1430b 476664 7722461 40 1.45 2 28.2 490 0 5 0.3 0
4KT1410 476650 7722461 40 3.05 1 234 814 0 10.6 0.6 0
1F1251 476933 7722944 40 1.46 1.8 21.3 1373 0 0.8 2.8 0
GT4007 476972 7722702 40 1.65 1.7 23 694 0 3.3 0.2 0
GT4008 476972 7722668 40 1.65 1.7 23 694 0 3.3 0.2 0
GT4009 476972 7722626 40 1.65 1.7 23 694 0 3.3 0.2 0
GT4010 476972 7722592 40 1.65 1.7 23 694 0 3.3 0.2 0
5KT1430a 476664 7722335 40 1.45 2 28.2 490 0 5 0.3 0
5KT1430b 476664 7722331 40 1.45 2 28.2 490 0 5 0.3 0
5KT1410 476560 7722331 40 3.05 1 23.4 814 0 10.6 0.6 0
2F1251 476953 7722944 40 1.46 1.8 21.3 1373 0 0.8 2.8 0
Hamersley
HAM_stack1 471500 7717000 60 1.3 1 7 393 0 5.7 1 0
HAM_stack2 471500 7717000 60 1.3 1 7 393 0 5.7 1 0
Barrow Island
BI_GT1 332000 7697000 30 1.98 2.7 20.2 777 0 25.3 0.3 0.01
BI_GT2 332000 7697045 30 1.98 2.7 20.2 777 0 25.3 0.3 0
BI_OilSeal 331900 7697150 20 1 1 0 400 0 0 0.1
Bl_Vent 332200 7697200 20 0.73 1.7 6 700 0 0 0.1
Burrup Fertiliser
BF1 476915 7718833 36 1.78 1 12.7 413 0.3 15.4 0 0
BF2 477060 7718820 15 0.85 1 5 450 0 1.3 0 0
Gorgon
G_GTG1 338372 7700255 40 2.25 1 34.5 692 1.1 17.9 0 0
G_GTG2 338418 7700255 40 2.25 1 34.5 692 1.1 17.9 0 0
G_GTG3 338464 7700255 40 2.25 1 34.5 692 1.1 17.9 0 0
G_1-1541_MJ 338850 7700040 40 2.25 1 14.9 423 0.6 16.7 0 0
G_1-1544_MJ 338850 7700040 40 2.25 1 14.9 423 0.6 16.7 0 0.4
G_2-1541_MJ 338850 7700040 40 2.25 1 14.9 423 0.6 16.7 0 0
G_2-1544_MJ 338850 7700040 40 2.25 1 14.9 423 0.6 16.7 0 0
G_4212-MCA 338485 7700135 40 1.1 1 20 448 0.9 10 0 0
G_4212-MCB 338485 7700135 40 1.1 1 20 448 0.9 10 0 0
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DISPMOD Files

Input File

barrow.ctl

Im_nox.out

y ! Use self generated turbulence

y !'use pdf

y ! Account for wind shear

n ! Is yearly shear data available?

y ! use numerical TIBL

50 ! Distance to extend TIBL

y ! use coast amg coords for TIBL calcs
barrow.coa

y ! Model convective plume trapping using PDF?
n ! Account for wind shear in the model within TIBL
n ! use stability classes

n ! centreline concentrations

5 ! option for onshore lapse rate , 6 = Pilbara

n ! apply standard seasonal variation

n ! use measured sigma theta

n ! mixing into TIBLS sharper than sgphi

y ! use greater of direction varaince to calculated variance
n !'log of events exceeding a certain value

n ! Ausplume plume penetration

n ! write all timestep conc to a disk file
chev2003.wml

chev2003.stb

Im_nox.emi

windveer.dat

Control File

Gorgon_Barrow Island

332000. 7694000. 500.20 20 0.2833 -20.6 220.7 90.0 3.0 .083 .047 0.25
01012003 31122003 0000 2400 6 677 1.9 2.3

14 0.00 0350. 0500. 0700. 1000. 0 5000.
rr111rr1r111r1r111
1234567891011121314
0 ! NUMBER OF STACKS THAT ARE NOT BEING USED

4101_MJA  40.0 5.50 338372 7700255 1.00 0. 500

4101_MJB  40.0 5.50 338418 7700255 1.00 0. 500

4101_MJC  40.0 5.50 338464 7700255 1.00 0. 500

1-1541_MJ  40.0 5.50 338850 7700040 1.00 0. 500

1-1544 MJ  40.0 5.50 338785 7700040 1.00 0. 500

1-1541_MJ  40.0 5.50 338850 7700205 1.00 0. 500

1-1544 MJ  40.0 5.50 338785 7700205 1.00 0. 500

4108_MJA  40.0 0.79 338500 7700226 1.00 0. 500

4108 MJB  40.0 0.79 338500 7700238 1.00 0. 500

Pack Boill  40.0 2.22 338485 7700135 1.00 0. 500

Pack Boil2  40.0 2.22 338485 7700145 1.00 0. 500

WetGasFlare 150.0 1.27 338104 7700505 1.00 0. 500
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DryGasFlare 150.0 1.27 338104 7700505 1.00 0. 500
BOGasFlare  40.0 1.27 339165 7700170 1.00 0. 500

1
340000. 7692000. ! Airport

HM_NOx.dis

TITLE

(A)

XREF,YREF,GINT,NUMX,NUMY,DTSL,ALAT,CSTDIR,ZLSB,SGTHSB,SGPHSB, TIBPEN

(2F9.1,F6.1,213,F7.4,3F6.1,3F6.0)

IDS,IMS,IYS,IDF,IMF,IYF,ITL,IT2,IAV,IDATAV,IY 1,CSIGON,CSIGOF

(2(1X,312),215,313,2F5.1)

##%% NOTE - IAV = MODEL TIME STEP IN MULTIPLES OF 10 MINUTES (EG. 3 = 30 MIN

TIMESTEP.
-IDATAV = INPUT MET DATA AVERAGING TIME IN MULTIPLES OF 10 MINUTES
(EG. 3 =30 MIN INPUT DATA)

##%% NOTE - IAV CANNOT BE LESS THAN IDATAV AND IDATAV MUST BE GREATER THAN 0

NUMSCE,QMIN,ALEV1,ALEV2,ALEV3,ALEV4,]

(13,F5.1,4F6.0,12)

###% NOTE - POLPOT MODE IS NOW FOR MULTIPLE SOURCES WITH FIXED EMISSIONS.

READ IN THE NUMBER OF STACKS PER SOURCE GROUP

KSCE(I),]I=1,NUMSCE

(2213)

READ IN THE STACK NUMBERS IN THE ORDER OF USE (.IE SOURCE GROUPING)

(ISTNUM(I),I=1,ISTTOT

READ IN THE NUMBER OF STACKS NOT TO BE USED

NSNTUS

READ IN STACK INFORMATION DATA

C STKHGT - HEIGHT OF STACK

C STKDIA - DIAMETER OF STACK

C STKX - LATITUDE OF STACK AMG COORDS

CSTKY - LONGITUDE OF STACK AMG COORDS

C TEMSL - SLOPE OF THE TEMPERATURE LOSS EQUATION FOR STACK

C TEMIN - INTERCEPT OF THE TEMPERATURE LOSS EQUATION FOR STACK

C TEMSL AND TEMIN ARE USED TO AMKE ALLOWANCE FOR THE TEMPERATURE LOSS OF

C FLUE GASES IN THE STACK WHEN GAS TEMPERATURES ARE MEASURED AT

C THE BASE OF THE STACK

C DCOAST - ARRAY DISTANCE (METRES) FROM THE COAST OF EACH SOURCE GROUP

CQ - SOURCE STRENGTH (KG/S)

C STKVOL - SOURCE VOLUME (M**3/S) AT STACK TEMP (IE. GAS FLOW RATE)

C STKRHO - EMISSION DENSITY (KG/M**3) AT STACK TEMP

C IBUILD - BUILDING EFFECTS FOR THIS SOURCE (I=YES, 0=NO)

C HBSTK - HEIGHT OF BUILDING

C WBSTK - WIDTH OF BUILDING

STKHGT(K),STKDIA(K),STKX(K),STKY(K),DCOAST(K),Q(K),STKVOL(K),STKRHO(K),

IBUILD(K),HBSTK(K), WBSTK(K)

(14X,F5.1,F5.2,F7.0,F8.0,F5.2,F4.0,F6.0,3F8.0,12,2F4.0)

##% NOTE- WITH BUILDING EFFECTS IT IS ASSUMED THAT THE LAST SOURCE IN THE
SOURCE GROUP HAS THE BUILDING DIMENSIONS. THIS LAST SOURCE ALSO
CONTAINS THE LOGICAL (IBUILD) WHICH DETERMINE WHETHER BUILDING
EFFECTS ARE TO BE USED.
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Emissions File
Gorgon_Barrow Island

Name
4101_MIJA
4101_MIJB
4101 _MJC
1-1541 MJ
1-1544 MJ
1-1541 MJ
1-1544 MJ
4108 MJA
4108 MJB
Pack Boill
Pack Boil2
WetGasFlare
DryGasFlare
BOGasFlare

Q

.0179
.0179
.0179
.0167
.0167
.0167
.0167

.0000
.0000

.0100
.0100

.0000
.0000
.0000

832.0
832.0
832.0
353.2
353.2
353.2
353.2
000.0
000.0
71.5
77.5
20.0
20.0
20.0

V  Rho Nd Nh Int

0.503
0.503
0.503
0.835
0.835
0.835
0.835
0.000
0.000
0.789
0.789
0.278
0.278
0.278
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TAPM List File

' \

|

| THE AIR POLLUTION MODEL (TAPM V2.5). |
| Copyright (C) CSIRO Australia. |

| All Rights Reserved. |

NUMBER OF GRIDS= 2

GRID CENTRE (longitude,latitude)=( 115.458298 , -20.7833309 )
GRID CENTRE (cx,cy)=( 339700 , 7699950 ) (m)

GRID DIMENSIONS (nx,ny,nz)=( 31,31, 20)

NUMBER OF VERTICAL LEVELS OUTPUT = 17

DATES (START,END)=( 20030101 , 20030331 )

DATE FROM WHICH OUTPUT BEGINS = 20030104

LOCAL HOUR IS GMT+ 7.69999981

SYNOPTIC WIND SPEED MAXIMUM = 30 (m/s)

SYNOPTIC PRESSURE-GRADIENT SCALING FACTOR = 1.00000000
SYNOPTIC PRESSURE-GRADIENT FILTERING FACTOR = 1.00000000
VARY SYNOPTIC WITH 3-D SPACE AND TIME

INCLUDE VEGETATION

EXCLUDE NON-HYDROSTATIC EFFECTS

EXCLUDE RAIN AND SNOW

INCLUDE PROGNOSTIC EDDY DISSIPATION RATE EQUATION
POLLUTION : CHEMISTRY (APM,NOX,NO2,03)

EXCLUDE POLLUTANT CROSS-CORRELATION EQUATION
EXCLUDE POLLUTANT VARIANCE EQUATION

POLLUTANT GRID DIMENSIONS (nxf,nyf)=(29,29)
BACKGROUND APM = 0.00000000E+00 (ug/m3)
BACKGROUND NOX&NO2= 0.00000000E+00 (ppb)
BACKGROUND O3 =20.0000000 (ppb)

BACKGROUND Rsmog = 0.500000000 (ppb)

pH of liquid water= 4.50000000

START GRID 1 DATAPM_run\Chevron\Regional\Chev300

GRID SPACING (delx,dely)=( 30000 , 30000 ) (m)

POLLUTANT GRID SPACING (delxf,delyf)=( 30000 , 30000 ) (m)

NO MET. DATA ASSIMILATION FILE AVAILABLE

NO BUILDING FILE AVAILABLE

NUMBER OF pse SOURCES= 37

NO Ise EMISSION FILE AVAILABLE

NO ase EMISSION FILE AVAILABLE

USING gse EMISSIONS AND MIXING THEM OVER FIRST 1 LEVEL(S)
USING bse EMISSIONS AND MIXING THEM OVER FIRST 1 LEVEL(S)
NO whe EMISSION FILE AVAILABLE

NO vpx EMISSION FILE AVAILABLE

NO vdx EMISSION FILE AVAILABLE

NO vix EMISSION FILE AVAILABLE

NO vpv EMISSION FILE AVAILABLE
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INITIALISE
LARGE TIMESTEP = 300.000000
METEOROLOGICAL ADVECTION TIMESTEP = 300.000000 (s)
Deep Soil Moisture Content (kg/kg)=0.150000006
Deep Soil & Sea Temperatures (K) =299.799988 299.799988
POLLUTION ADVECTION TIMESTEP = 300.000000 (s)
pse KEY :
is = Source Number
Is = Source Switch (-1=0Off,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, s, XS, ys, hs, IS, es, fs no, fs fpm
0, 476910., 7722765., 40.00, 198, 2.70, 0.90, 0.50,
2, 0, 476910., 7722800., 40.00, 1.98, 2.70, 0.90, 0.50,
3, 0, 476910., 7722810., 40.00, 1.98, 2.70, 0.90, 0.50,
4, 0, 476910.,7722845., 40.00, 1.98, 2.70, 0.90, 0.50,
5, 0, 476910., 7722855., 40.00, 1.98, 2.70, 0.90, 0.50,
6, 0, 476910.,7722890., 40.00, 1.98, 2.70, 0.90, 0.50,
7, 0, 476540., 7722965., 40.00, 1.94, 2.10, 0.90, 0.50,
8, 0, 476590., 7722965., 40.00, 1.94, 2.10, 0.90, 0.50,
0

471500., 7717000., 60.00, 1.30, 1.00, 0.90, 0.50,
471500., 7717000., 60.00, 1.30, 1.00, 0.90, 0.50,
332000., 7697000., 30.00, 1.98, 2.70, 0.90, 0.50,
332000., 7697045., 30.00, 1.98, 2.70, 0.90, 0.50,
331900., 7697150., 20.00, 1.00, 1.00, 0.90, 0.50,
332200., 7697200., 20.00, 0.73, 1.70, 0.90, 0.50,

9, 0, 476610., 7722965., 40.00, 1.87, 2.10, 0.90, 0.50,
10, 0, 476660., 7722965., 40.00, 1.87, 2.10, 0.90, 0.50,
11, 0, 476510.,7722960., 40.00, 1.36, 2.10, 0.90, 0.50,
12, 0, 476540.,7722845., 40.00, 1.94, 2.10, 0.90, 0.50,
13, 0, 476590.,7722845., 40.00, 1.94, 2.10, 0.90, 0.50,
14, 0, 476610., 7722845., 40.00, 1.87, 2.10, 0.90, 0.50,
15, 0, 476660., 7722845., 40.00, 1.87, 2.10, 0.90, 0.50,
16, 0, 476510.,7722840., 40.00, 1.36, 2.10, 0.90, 0.50,
17, 0, 476540.,7722610., 40.00, 1.94, 2.10, 0.90, 0.50,
18, 0, 476590.,7722610., 40.00, 1.94, 2.10, 0.90, 0.50,
19, 0, 476610.,7722610., 40.00, 1.87, 2.10, 0.90, 0.50,
20, 0, 476660.,7722610., 40.00, 1.87, 2.10, 0.90, 0.50,
21, 0, 476510.,7722605., 40.00, 1.36, 2.10, 0.90, 0.50,
22, 0, 477152.,7722915., 33.00, 0.73, 1.70, 0.90, 0.50,
23, 0, 477152.,7722905., 33.00, 0.73, 1.70, 0.90, 0.50,
24, 0, 477152.,7722895., 33.00, 0.73, 1.70, 0.90, 0.50,
25, 0, 476968., 7722880., 33.00, 0.73, 1.70, 0.90, 0.50,
26, 0, 476968.,7722870., 33.00, 0.73, 1.70, 0.90, 0.50,
27, 0, 477035.,7722698., 24.00, 1.00, 2.50, 0.90, 0.50,
28, 0, 477050.,7722698., 24.00, 1.45, 2.50, 0.90, 0.50,
29, 0, 477065.,7722698., 24.00, 1.00, 2.50, 0.90, 0.50,
30, 0, 477080., 7722698., 24.00, 1.45, 2.50, 0.90, 0.50,
31, 0, 476500.,7722500., 20.00, 1.00, 1.00, 0.90, 0.50,

0

0

0

0

0

0
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LAGRANGIAN (LPM) MODE IS OFF FOR THIS GRID
IN pse

IN gse

IN bse

DATE=20030101,HOUR= 1.000

IN pse

REWIND pse

IN_gse

IN bse

REWIND bse

IN bse

IN_SYNOPTIC

Deep Soil Moisture Content (kg/kg)=0.150000006

Deep Soil & Sea Temperatures (K) =299.799988 299.799988
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1  Glossary

A-weighting. A frequency weighting applied to sound measurements that approximates
the response of the human ear.

Decibel (dB). A logarithmic unit which represents the ratio of a measured quantity
(such as sound pressure or sound power) to a defined reference level. (dB(A) — A-
weighted decibel.)

Sound Power. The total sound energy radiated by a sound source per unit time -
measured in Watts.

Sound Power Level (SWL). 10 times the logarithm to the base 10 of the ratio of the
sound power to the reference sound power (1 pW) — measured in decibels.

Sound Pressure. The variation in ambient pressure caused by a sound wave - measured
in Pascals.

Sound Pressure Level (SPL). 20 times the logarithm to the base 10 of the ratio of the
root mean square sound pressure to the reference sound pressure (20 micropascals) —
measured in decibels.

L, The maximum A-weighted sound pressure level.
L,,. The A-weighted sound pressure level exceeded for 1 % of the time.
L,y. The A-weighted sound pressure level exceeded for 10 % of the time.

L,g- The A-weighted sound pressure level exceeded for 90 % of the time.

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 4
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2 Introduction

This report presents the results of a noise impact assessment for the proposed Gorgon
Development on Barrow Island. The assessment comprises measurement of ambient
noise levels at several locations on the Island and noise level predictions using an
acoustic model of the Liquefied Natural Gas Plant (LNG Plant).

Barrow Island is recognised as a Class A Nature Reserve. Consequently, public access to
the Island is limited and there are no noise sensitive premises. However, the
ChevronTexaco camp is located approximately 3.5 km to the south-south-east of the
proposed Gorgon LNG development. Although this camp is not classed as noise
sensitive, it is the only existing location on the Island where noise from the proposed
development is likely to have any social impact. Therefore, noise level predictions are
provided for the camp in addition to noise contours that have been prepared for the area
surrounding the LNG Plant.

While the social impacts of noise emission from the LNG Plant are restricted to the
existing ChevronTexaco camp, (and to the new camp that forms part of the proposed
development), noise emission may affect the activities of local fauna. This report does
not consider these effects, but the results may be used as input data for further study in
this area.

The acoustic model has also been used to estimate the existing noise emission from the
power station at Base Castle on Barrow Island. Noise contours have been prepared to
assist in the identification of any existing noise impacts on local fauna.

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 5
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3 Methods

The noise impact assessment has been conducted using the detailed assessment
procedure provided in the Environmental Protection Authority’s (EPA) Guidance for the
Assessment of Environmental Factors (in accordance with the Environmental Protection Act 1986)

Environmental Noise No.8 Draft June 1998 (Western Australia), (Guidance Note 8).
31 Ambient Noise Assessment

Measurements of ambient noise have been carried out at the following four locations on
Barrow Island:

o ChevronTexaco camp site
o Proposed LNG Plant site
o T-Tree

. Flacourt Bay.

These locations are shown in Figure 1 in Appendix 1.

Noise levels at each location were logged continuously for two weeks using a sampling
period of 15 minutes. The noise level data collected comprises L,,, L,;, and Ly, noise
levels. Wind speed and direction data during the measurement period have been obtained
(by SKM) from Barrow Island Airport.

In addition to the above, background noise levels have been determined for each
measurement location by extracting from the full data the “Ly,” of the L,y noise levels
for the following periods which correspond to day, evening and night:

. 0700-1900 hours Monday to Saturday
. 1900-2200 hours Monday to Saturday and 0900-2200 hours on Sundays
. 2200-0700 hours Monday to Saturday and 2200-0900 hours Sundays

3.2 Noise Modelling

An acoustic model has been developed using the environmental noise modelling
program “ENM”, version 3.06, developed by RTA Technology. The ENM program
calculates sound pressure levels at nominated receiver locations or produces noise
contours over a defined area of interest around the noise sources. The ENM noise
modelling program was originally developed by RTA Technology for the Australian
Noise Advisory Council. The inputs required are noise source data, ground topographical
data, meteorological data and receiver locations.

The model has been used to generate noise contours for the area surrounding the LNG
plant and also to predict noise levels at the ChevronTexaco camp site.

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 6
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The model does not include noise emissions from any sources other than the proposed
LNG plant. Pipelines to and from the LNG plant are not included in the noise model
since it is not expected that they will emit any significant noise.

3.21  Noise Modelling Scenarios
The acoustic model has been used to predict noise levels for the following scenarios:

. Normal LNG plant operation
. Emergency blow-down of LNG plant

o Plant construction.

The model has also been used to estimate noise levels from the existing power station at
Base Castle on Barrow Island.

3.2.2 Noise Emission Data

LNG Plant Normal Operation

Sound power levels have been developed for normal operating conditions of the LNG
plant assuming that the sound pressure level at 1m from individual equipment items will
not exceed 85 dB(A). (This criterion is consistent with occupational noise emission
requirements.) The plant equipment included in the noise model has been obtained from
the Gorgon Development Equipment List (APCI 2 x 4.9 mmtpa Case) provided by
SKM, (Document No. J6962-17-001 Rev 1). The spectral contents of equipment noise
emissions have been obtained either from experience gained on similar projects or using
empirical methods described in standard acoustic texts. Table 3-1 below provides a
summary of the overall sound power levels for the major equipment items included in
the acoustic model. A comprehensive listing of all sources including spectral data is
provided in Table Al in Appendix 2.

Table 3-1 Summary of Sound Power Levels for Normal LNG Plant Operation

Equipment Item Plant Area Sound Power Comments
Level dB(A)
Air coolers for propane | LNG Trains 1 & 2 116! Includes propane condenser,
circuit desuperheater & subcooler.
Air coolers for MR LNG Trains 1 & 2 1121 Includes MR compressor & fuel
compressor gas compressor inter & after
coolers, and other smaller coolers /
condensers
Propane compressor LNG Trains 1 & 2 114 Includes all package equipment

excluding exhaust stack outlet

Propane compressor ING Trains 1 & 2 103
exhaust stack

MR Compressor LNG Trains 1 & 2 114 Includes all package equipment
excluding exhaust stack outlet

MR Compressor ING Trains 1 & 2 103
exhaust stack

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 7
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Regeneration gas LNG Trains 1 & 2 105

compressor

Fuel gas compressor LNG Trains 1 & 2 105

LNG expander LNG Trains 1 & 2 102

MR Expander ING Trains 1 & 2 102

Lean Amine cooler / AGRU1,2& 3 111t

Amine regen. reflux

cooler

Lean Amine pumps AGRU 1,2 & 3 1052 2 of 3 pumps operating

Lean Amine booster AGRU 1,2 & 3 992 2 of 3 pumps operating

pumps

CO2 re-injection pumps | CO2 compression 992 2 of 3 pumps operating

CO2 re-injection CO2 compression 111

compressor

CO2 compressor CO2 compression 1071

coolers

Inlet area air coolers Inlet 108! Includes LP steam control
condenser, LP flash drum vent
condenser, condensate product
cooler & stabiliser overheads
compression cooler

Stabiliser overheads Inlet 105

compressor

Wellhead injection Inlet 1002 2 of 2 pumps operating

pumps

BOG compressor LNG Storage & 981

coolers Loading

BOG compressor LNG Storage & 1072 2 of 2 compressors operating

Loading
LNG Loading pumps LNG Storage & 1062 1 of 8 pumps operating
Loading

Condensate Loading LNG Storage & 1002 1 of 2 pumps operating

pumps Loading

Power generators Power generation 1092 2 of 2 units operating

Boiler feed water pumps | Utilities 1002 2 of 3 pumps operating

Package steam boilers Utilities 1042 2 0 2 units operating

Instrument air Utilities 1022 Includes air drier. 2 of 2 units

compressors operating

Notes

1. Overall sound power level calculated assuming a sound power level of 94 dB(A)

per fan.
2. Sound power level is for a single item.

SVT Engineering Consultants
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The overall sound power level for continuous normal operation of the LNG plant has
been calculated to be 126 dB(A).

LNG Plant Emergency Blow-down

During an emergency LNG plant blow-down the over-riding source of noise will be the
plant flare. It has been assumed that a sonic flare will be used in this situation and a
sound power level of 150 dB(A) has been assigned for the flare.

Plant Construction

Noise associated with construction of the LNG plant will be variable in nature and will
depend on the particular activities being undertaken as well as the equipment in
operation. For the purposes of this assessment a worst-case cumulative sound power
level of 140 dB(A) has been assumed for construction noise sources. This would be
equivalent, for example, to the simultaneous operation of 100 items of high powered
equipment such as trucks, excavators, loaders, generators, etc, each having an individual
sound power level of 120 dB(A).

Power Station at Base Castle

A sound power level of 110 dB(A) has been estimated for the power station at Base
Castle based on a description of the facility provided in the “Barrow Island Noise
Survey” November 2001, provided by SKM.

3.2.3 Topography

Topographical information for the acoustic model was extracted from 1m ground
contours supplied in electronic format by SKM for the area surrounding the LNG Plant.
The acoustic model also includes the shielding effects of large buildings and structures at
the LNG plant such as electrical sub-stations and storage tanks.

3.2.4 Meteorology

The acoustic model has been used to predict noise levels and produce noise contours for
a range of meteorological conditions. In all cases the temperature and relative humidity
values used were 15°C and 50% respectively, to represent night time atmospheric
conditions as per the default values provided in Guidance Note 8. Wind speeds ranging
from calm to 3 m/s have been investigated in each of 8 cardinal directions. The effects
of a well developed thermal inversion (2°C/100m) have also been investigated for a
range of wind conditions. (The combination of a 3 m/s wind with a 2°C/100m thermal

inversion represents the default worst-case conditions for sound propagation as per
Guidance Note 8.)

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 9
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4  Results

4.1

Ambient Noise

Ambient noise levels were recorded between 20 January and 10 February 2004.

Figures 2 to 5 in Appendix 1 present the results of continuous noise monitoring at each
of the four locations selected. The figures also show the wind speed during the
measurement periods. Winds were predominantly from the west and south west during
the noise monitoring. The background noise levels at each location are summarised in

Table 4-1 below.

Table 4-1 Background Noise Levels
“Lgo” of Lag noise levels — dB(A)
Location 0700-1900 hrs Monday | 1900-2200 hrs Monday | 2200-0700 hrs Monday

to Saturday

to Saturday and 0900 —
2200 hrs on Sundays

to Saturday and 2200-
0900 hrs on Sundays

Chevron Texaco Camp 50.0 50.0 49.5
Site
Proposed LNG Plant 30.0 24.5 23.5
Site
T-Tree 30.5% 36.5% 30.5%
Flacourt Bay 40.2 42.0 41.5

* Note that the second week of continuously monitored data at this location contains
anomalous results and has therefore been excluded when calculating the Ly, of Ly, noise

levels.

Ambient noise at the Chevron Texaco camp site was dominated by noise from the
facilities’ air conditioners. At all other sites ambient noise showed a pronounced diurnal
cycle. This is most probably attributable to bird activity (and/or activities of other fauna),
since the locations selected were remote from human activity. Wind generated noise also
significantly contributed to the measured noise levels.

4.2

4.21

Noise Modelling

LNG Plant Normal Operation

Table 4-2 below presents the predicted noise levels for normal LNG Plant operation at
the Chevron Texaco camp site for a range of meteorological conditions.

SVT Engineering Consultants
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Table 4-2 Predicted Noise Levels for Normal LNG Plant Operation
Predicted Noise Level at Chevron Texaco Camp Site —
dB(A)
Temperature Inversion Wind Calm 1m/s Wind | 2 m/s Wind | 3 m/s Wind
Rate (°C/100m) Direction

0 N/A 29

0 North 32 33 35
0 North-east 32 33 34
0 East 30 31 31
0 South-east 25 24 24
0 South 25 24 23
0 South-west 25 24 23
0 West 26 25 25
0 North-west 31 32 33
2 N/A 32

2 North 33 34 36
2 North-east 33 34 35
2 East 32 33 33
2 South-east 31 26 25
2 South 30 25 24
2 South-west 31 25 24
2 West 32 32 32
2 North-west 33 34 35

Predicted noise levels range from 23 dB(A) to 36 dB(A) and the highest noise levels are
predicted for northerly wind conditions.

Noise contours have been prepared for calm conditions and for 3 m/s winds both with
and without a temperature inversion. The following noise contours are presented in

Appendix 3.
Table 4-3 Figure Numbers for Noise Contours
Wind Direction Wind Speed (m/s) Temperature Figure Number
Inversion Rate
(°C/100m)
Calm 0 0 NC 1
North 3 0 NC 2
Notth-east 3 0 NC 3
East 3 0 NC 4
SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 11
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South-east 3 0 NC5
South 3 0 NC 6
South-west 3 0 NC7
West 3 0 NC 8
North-west 3 0 NC9
Calm 0 2 NC 10
North 3 2 NC 11
North-east 3 2 NC 12
East 3 2 NC 13
South-east 3 2 NC 14
South 3 2 NC 15
South-west 3 2 NC 16
West 3 2 NC 17
North-west 3 2 NC 18

The 65 dB(A) and 35 dB(A) noise contours have been highlighted in magenta and red
respectively. 65 dB(A) L,,, is the assigned noise level that applies at an industry —
industry boundary. 35 dB(A) L, is the lowest assigned noise level that can apply at a

noise sensitive receiver.

Ranking of Noise Sources

Air coolers are the most significant source of noise received at the Chevron Texaco camp
site for all meteorological conditions investigated. This includes the various banks of air
coolers in the LNG trains, the Acid Gas Removal Units, inlet area, and CO, compression

area.

4.2.2  Emergency Blow-Down of LNG Plant

Noise predictions for an emergency blow-down scenario have been undertaken for

worst-case sound propagation conditions, i.e. 3 m/s winds combined with at 2°C/100m
temperature inversion. Three wind directions have been investigated: north, east, and
south. Table 4-4 below presents the predicted noise levels at the Chevron Texaco camp
site. Noise contours for the same meteorological conditions are presented in Figures
NC19 to NC21 in Appendix C.

Table 4-4 Predicted Noise Levels at Camp Site During Emergency Blow-
Down
Wind Direction Wind Speed (m/s) Temperature Predicted Noise Level
Inversion Rate —-dB(A)
(°C/100m)
North 3 2 59
Hast 3 2 55
SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 12
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South

47

4.2.3 Plant Construction

Noise predictions for plant construction activities have been undertaken assuming a
cumulative source sound power level of 140 dB(A) originating from the proposed site
location. The screening effects of buildings and barriers at the site have been excluded
from the acoustic model. Noise level predictions and noise contours have been produced
for worst-case sound propagation conditions, i.e. 3 m/s winds combined with at

2°C/100m temperature inversion. Three wind directions have been investigated: north,
east, and south. Table 4-5 below presents the predicted noise levels at the Chevron
Texaco camp site. Noise contours for the same meteorological conditions are presented

in Figures NC22 to NC24 in Appendix C.

Table 4-5 Predicted Noise Levels at Camp Site During Construction
Wind Direction Wind Speed (m/s) Temperature Predicted Noise Level
Inversion Rate —-dB(A)
(°C/100m)
North 3 2 44
East 3 2 41
South 3 2 31

4.2.4 Power Station at Base Castle

Noise contours have been prepared for worst-case sound propagation conditions to the

north, south, east and west of the power station. The contours are presented in figures
NC25 to NC28 in Appendix C.

SVT Engineering Consultants
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5 Discussion

5.1 Noise Limits

Barrow Island is recognised as a Class A nature reserve. Consequently, public access to
the Island is limited and there are no noise sensitive premises. The Chevron Texaco
camp site, located approximately 3.5 km to the south-south-east of the proposed
development, is the only existing location on the island where noise is likely to have any
social impact. Since this camp services existing industry on the island, it is classed as an
industrial premises according to Schedule 1, clauses 7 & 8, of the Environmental Protection
(Noise) Regulations 1997, (The Regulations.) The assigned noise levels are, therefore, 65
dB(A), 80 dB(A) and 90 dB(A) for the L,,,, L, and L, ., descriptors respectively. The
most significant of these descriptors for continuous plant noise is the L,,, assigned level
of 65 dB(A). (The noise contours presented in Appendix 3 show the area over which
noise levels exceed 65 dB(A).)

5.2 Noise Impacts

Noise from the proposed development has the potential to result in social impacts at the
Chevron Texaco camp site if it is audible above the prevailing background noise. These
impacts are discussed in the following sections. Noise emissions may also have impacts
for local fauna. Such impacts are beyond the scope of this study. However, the results of
noise predictions presented in this report may be of use to others when assessing impacts
on fauna.

5.2.1  Noise from Normal Operation of the LNG Plant

Noise level predictions for normal operation are based on an overall sound power level
of 126 dB(A). (See section 3.2.2.)Predicted noise levels for normal operation of the LNG
Plant reach a maximum of 36 dB(A) at the Chevron Texaco camp site under worst-case
meteorological conditions for sound propagation. This is far below the assigned level of
65 dB(A). Furthermore, the predicted levels are also far below the existing ambient noise
level of 50 dB(A) and it is likely, therefore, that noise from the LNG Plant will be
inaudible during normal operations.

5.2.2  Noise from Emergency Blow-Downs

Predicted noise levels for flaring associated with an emergency blow down of the LNG
Plant reach a maximum of 59 dB(A) at the Chevron Texaco camp site under worst-case
meteorological conditions for sound propagation. (It has been assumed that a sonic flare
will be used and that the sound power level could reach 150 dB(A).) The predicted levels
are below the assigned level of 65 dB(A). However, they can exceed the existing
background noise levels at the camp and may, therefore, be audible under some
meteorological conditions.

5.2.3 Construction Noise

Noise levels from construction will vary depending on the particular activities being
undertaken. This assessment has considered a worst-case scenario where the cumulative

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 14
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sound power level for all activities reaches 140 dB(A). The noise levels predicted at the
Chevron Texaco camp site reach a maximum of 44 dB(A) for a 3 m/s northerly wind
combined with a 2°C/100m temperature inversion. This is less than the existing ambient
level of 50 dB(A) and, therefore, construction activities are unlikely to have any
noticeable impact at the camp.

5.2.4 Noise & Vibration from Blasting

The Environmental Protection (Noise) Regulations 1997 specity maximum allowable noise
levels resulting from blasting. The most stringent noise level, 90 dB L, e applies at
any premises outside of the period from 0700 hours to 1800 hours. Considering the
distance between the proposed LNG Plant site and the Chevron Texaco Camp site
(approximately 3.5 km) it is highly unlikely that airblast levels will reach the 90 dB limit,
even for very large blasts.

Without detailed information on the size and type of blasting to be used and the ground
composition between the proposed development site and the camp, it is not possible to
predict vibration levels at the camp site. However, assuming blast sizes are limited so as
prevent any structural damage to the existing oil pipeline terminal to the north of the
proposed development, it is unlikely that there will be any impact at the camp site.

SVT Engineering Consultants B4_Noise_Appendix_rev2 (3).doc Page 15
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6 Appendix 1: Results of Continuous
Noise Monitoring
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1 Introduction

Risks of environmental harm from hydrocarbon spills are the product of the risk of a
spill occurring in the first place and the risk that prevailing environmental forces will
transport hydrocarbons into locations occupied by sensitive habitats or biota, at
sufficient concentrations to cause harm. Thus, prevention of spills removes the potential
for harm to the environment. If a spill does occur, the probability of environmental harm
will then vary depending upon the nature of the spill, and whether sensitive life forms lie
in the path of the spill. Because the major mechanisms by which oil may induce
environmental harm are toxicity, induced by particular constituent components of the oil,
and by physical smothering and these processes are affected by weathering and
dispersion of the oil, the state of the oil at the time of contact is another important
indicator of the potential for harm. Finally, for a full consideration of the potential for
environmental harm, it is important to consider risks posed to both intertidal habitats,
which are mostly susceptible to surface slicks, and subtidal habitats, which are only
susceptible to exposure to oil that entrains or dissolves into the water column.

Asia Pacific ASA (APASA) was commissioned to carry out three-dimensional spill
trajectory and fate modelling for various potential spills from the Gorgon Gas
Development. The purpose of this modelling was to quantify risks of hydrocarbon
contact with sensitive shorelines and submerged habitats from given spill scenarios, if
those spills were to occur in the first place. Risks calculated in this process were then
combined with estimates for the risk of such scenarios actually occurring (Appendix B4)
to provide estimates of the overall risk of oil contact from such scenarios.

This technical appendix provides details of the models, specifications, assumptions and
output of the modelling studies. The appendix also provides details of the validation of
the hydrodynamic model used to represent water circulation throughout the study area.
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2  Hydrodynamic modelling

2.1 The hydrodynamic modelling system

Modelling of hydrodynamic circulation over the region was carried out using the three-
dimensional hydrodynamic model, HYDROMAP, (Isaji ez a/. 2001, Zigic et. al. 2003).
HYDROMAP is a globally re-locatable hydrodynamic model capable of simulating
complex circulation patterns due to tidal forcing, wind stress and density differentials.
HYDROMARP operates over a spatially-nested, rectangular, grid that may have up to six
step-wise changes in resolution in the horizontal plane. This facility allows for the model
resolution to step up as land or complex bathymetry is approached. Vertically, the model
domain may be subdivided into any number of levels using a polynomial scheme.

The model solves the three-dimensional conservation equations in spherical coordinates
for water mass, density, and momentum across all levels of spatial resolution at each time
step. A quadratic stress law, based on the local bottom terrain, is used to represent
frictional dissipation. Output from the model is a three-dimensional current field that
spans all steps in spatial resolution.

2.2 Definition of local inputs

HYDROMARP was set up over a model domain that covered the North West Shelf from
North West Cape to Nickol Bay (Figure 1). This domain was subdivided by areas of
higher resolution around the Barrow Island, Lowendal Island and Montebello Islands
complex and the smaller inshore islands along the mainland coast (Figure 2). The spatial
scale of the grid ranged 2,000 m over the open-water areas of the North West Shelf to
250 m around sections of Barrow Island and adjacent islands. Bathymetric data from a
number of sources were used to define the three-dimensional shape of the seabed in the
domain. High-resolution (20-200 m scale) data supplied by Apache Energy, under
agreement with ChevronTexaco, were applied for areas extending from southeast of
Barrow Island to the Montebello Islands. Depths of shallow areas that were not covered
by these data sets were digitised from bathymetric contours defined by Apache Energy
from a composite of bathymetric data measurements (multiple sources). Bathymetric
data for deeper areas and for parts of the model domain that had lower spatial resolution
were extracted from the Geoscience Australia bathymetric set, which has a spatial
resolution of approximately 900m. Spatial interpolation was applied to spread depth data
to fill gaps in the available bathymetric data. Details of the bathymetric model generated
by this process are shown in Figure 3.

Tidal forcing at the open boundaries of the model was calculated using tidal constituent
data from the Topex/Poseidon global tidal set (TPX051), which is calculated from
satellite altimeter observations (Egbert ez a/. 1994). Data for 8 tidal constituents were
used (M2, S2, K1, O1, N2, P1, K2, Q1).

Archived wind data were sourced from the automatic meteorological station on Barrow
Island (source: BOM & ChevronTexaco). Data were available from this source for an 11
year period spanning 1988-1998. For the purpose of including spatial variation in wind
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data, predicted wind data for offshore sites were sourced from the output of a numerical
atmospheric model (the NCEP/NCAR Model Reanalysis Project), which is operated by
the NOAA-CIRES Climate Diagnostics Center in Boulder, Colorado, and made publicly
available via their web site (http://www.cdc.noaa.gov). Data were sourced for the same
period as the measured data.

Examples of the current vectors produced by the model using the defined depth, tidal
and wind data are shown in Figure 4.

2.3 Validation against field measurement

Measured tidal data, as derived tidal constituents, were available for comparison to model
predictions for the offshore production area and at Barrow Island tanker terminal, on the
eastern side of Barrow Island (Figure 5, Table 1).

Table 1: Location of tidal measurements available for comparison to
HYDROMAP predictions

Name Latitude and Longitude Source Duration
Gorgon North 20022.8167"S 114°51.7167"E WNI 24/7/91-7/11/91
Tanker Terminal | 20° 48.8667"S 115" 33.0667" E WNI 30/6/82-5/9/82

Measured current velocity and direction data were also available for comparison to
predicted currents from four locations within the model domain (Figure 5, Table 2):

These data were collected in support of previous studies and thus varied in the timing of
measurement, instrumentation (and associated measurement errors) and measurement

depth.

Table 2: Location and depth of current measurements available for comparison
to HYDROMAP predictions

Name Latitude and Longitude Depth Site Source | Duration

above depth

seabed (m) | (m)
Mooring #1 | 20035.290"S 1150 37.239"E 1.5& 10 24 AIMS 24/7/91-7/11/91
Mooring #2 | 20036.259"S 115037.713"E 1.5 27 AIMS 24/7/91-7/11/91
Location 5 200 47.5333"S 115°53.1667"E | 6.5 12 WNI 20/6/97-31/8/97
Location 2 20021.8333"S 115°33.2500"E | 110 & 180 200 WNI 7/10/97-31/12/97
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Technical Appendix: Spill risk modelling

Barrow
Island

Figure 4: Example current vectors for the area around Barrow Island
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Figure 5: Locations of measurement points for water circulation that were available for
validation of the HYDROMAP model predictions.

Comparisons between tidal constituents derived by in-situ measurement and
HYDROMAP prediction showed close agreement at both the offshore production area
and at the tanker terminal on the eastern side of Barrow Island (Tables 3 & 4), indicating
that the tidal data supplied to the boundary of the model was accurate and that the model
was accurately predicting the spatial propagation of the tidal waves through the model
domain based on the specifications for bathymetric and seabed drag. Plots of the
expected tidal elevation over time at these two sites using the measured and predicted
tidal constituents showed that the model was closely predicting the magnitude and timing
of astronomical tides from the combined effect of the constituents (Figure 6). The close
agreement between measured and observed sea-heights at two widely spaced locations
demonstrates that the model was performing well in this respect over the wider domain,
not just a particular sub-area.

Currents predicted by HYDROMAP due to the combined effects of tides and winds,
using wind data observed on Barrow Island, similarly agreed with observations made
throughout the model domain, indicating that the model was accurately predicting the
direction and magnitude of currents due to the combined influence of winds and tides.
As for the tidal elevation comparisons, results demonstrated a good comparison for
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widely spaced locations. Thus, indicating that the model was suitably accurate throughout
the model domain. This was important for oil spill modelling where the spill sources
varied widely and spills could drift widely over time.

Working through the points of comparison from east to west, plots of current flows
measured at Moorings #1 and # 2 (northeast of the Lowendal Islands) indicated very
regular oscillations in direction that follow a diurnal and neap-spring cycle, indicating that
currents here are primarily due to tidal forcing, especially for the near-seabed
measurements (Figures 7 — 12). Currents predicted by HYDROMARP closely matched the
observed currents at this depth in magnitude, direction and timing indicating that the
model was correctly applying the tidal elevation data, bathymetry and seabed drag co-
efficients to derive the resulting tidal currents. Correlations between observed and
predicted currents near seabed at Mooring #1 and #2, were between 85% and 90% in
the along-shelf direction and between 91% and 96% in the across-shelf direction.

Currents at mid-depth (at Mooring # 1), where wind-forcing would have more influence,
similarly showed good agreement in the magnitude, direction and timing of most periods
of current flow, although there were sometimes errors in the magnitude and direction of
the currents during the neap-tide period (Figures 13-15), when tidal forces were weakest.
These results indicate the errors are due to representation of the wind forcing, possibly
due to spatial variation in wind conditions between Barrow Island (the source of the
wind data) and the current measurement site over the period of measurement. Despite
this, the correlations between observed and predicted currents were 60% in the along-
shelf and 72% and in the across-shelf direction.

Table 3: Comparison between measured and predicted tidal constituents for

Gorgon North tide gauge.

Tidal Frequency Measured Predicted Deviation
constituent |(cycle/hour) | 5.\ riude | Phase | Amplitude | Phase | Amplitude | Phase
(m) (deg) | (m) (deg) | (m) (deg)
Q1 0.03721850 0.0259 250.97 | 0.0352 255.76 -0.0093 -4.79
o1 0.03873065 0.1358 270.03 | 0.1223 273.05 0.0135 -3.02
P1 0.04155259 0.2032 287.16 | 0.1852 303.41 0.0180 -16.02
K1 0.04178075 0.0626 284.33 | 0.0536 275.29 0.0090 9.04
N2 0.07899925 0.0969 256.53 | 0.1131 249.30 -0.0162 7.23
M2 0.08051140 0.5212 289.75 | 0.5132 288.81 0.0080 0.94
S2 0.08333334 0.2904 351.04 | 0.3101 2.35 -0.0197 11.31
K2 0.08356149 0.0796 350.74 | 0.0845 358.37 -0.0049 -7.63
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Table 4: Comparison between measured and predicted tidal constituents for

Barrow Island tanker Terminal tide gauge.

Tidal Frequency Measured Predicted Deviation
constituent | (cycle/hour) Amplitude | Phase | Amplitude | Phase | Amplitude | Phase
(m) (deg) | (m) (deg) | (m) (deg)
Q1 0.03721850 0.0304 262.46 | 0.0421 245.73 -0.0117 16.73
o1 0.038730065 0.1492 277.35 | 0.1685 240.44 -0.0193 36.91
P1 0.04155259 0.0630 305.73 | 0.0587 297.51 0.0043 8.22
K1 0.04178075 0.2427 296.52 | 0.2496 290.22 -0.0069 6.3
N2 0.07899925 0.1759 287.82 | 0.1582 273.75 0.0177 14.07
M2 0.08051140 1.0004 319.61 | 0.9799 302.27 0.0205 17.34
S2 0.08333334 0.5976 30.07 0.5229 27.37 0.0747 2.7
K2 0.08356149 0.1493 28.38 0.1653 33.73 -0.016 -5.35

Observed currents at mid-depth level adjacent to the Barrow Island tanker terminal
(located at the southern end of the Barrow Island channel) also showed a very strong
tidal cycle. The main axis of this tidal flow was NW to SE. Currents predicted by
HYDROMAP corresponded very closely in magnitude, direction and timing to the
observed currents during periods of spring and neap tides (Figures 15-18) indicating that
the model correctly represented tidal and wind forcing in this area. Errors in magnitude
of the currents (both underestimates and overestimates) were generally restricted to
periods of peak flow speeds and the overall correlation between predicted and observed
currents was 87% in the along-shelf direction and 80% in the across-shelf direction.

Observed currents over the Gorgon production area (Location 2), which has a depth of
~ 200 m, were more variable than over the shallow water areas surrounding Barrow
Island (Figures 19-24), indicating less influence of tidal forcing. Currents predicted by
HYDROMAP, using tidal forcing data and winds observed at Barrow Island, showed
best agreement with observations made near the surface (~20m depth), with many of the
flow episodes correctly represented in magnitude, direction and timing. However, there
were a number of cases where flows were not predicted or observed currents showed
errors in timing or were in opposing directions to the predicted currents. Currents
predicted by HYDROMAP at mid-depth (~ 90 m depth) demonstrated similar overall
trends in current directions to the observed currents, although the correlation between
observed and predicted currents were low (36% along-shelf;- 43% across-shelf) because
the model generally under-predicted short-term fluctuations in the current speeds and
directions. These results indicate that forces other than winds and tides have a significant
influence on circulation at this depth.

In general, the comparisons of tidal and current data provide confidence that circulation
data predicted by the hydrodynamic model will provide a good representation of
circulation within the study area. The HYDROMAP validation study indicated that
variation in wind conditions from place to place within the model domain could be a
significant source of error in the derived circulation patterns, with an increased
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opportunity for errors with increasing distance from sources of wind data. Similarly, the
validation study indicated that temporal variability in winds would have a large influence
on spill trajectories.

For these reasons, a spatially-varying wind field that covered a long duration (11 years:
January 1988-December 1998) was used as input to the hydrodynamic model to generate
data for use in the spill modelling. Wind data spanning this period were obtained for
three locations within the hydrodynamic model domain. These included hourly data from
Barrow Island and six-hourly data from two offshore locations located east and west of
Barrow Island (Figure 25). The former were electronic records from an observation
station located near the centre of Barrow Island (““The Castle”; source: ChevronTexaco).
The latter were output of a global atmospheric model (the NCEP Model reanalysis
program; source: NOAA). These data were used to specify a time-varying three-
dimensional wind field for the study area applying distance-weighted spatial interpolation.

HYDROMAP was then used to produce a three-dimensional current field representing
circulation for the period of the wind data.
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Figure 6: Comparison of tidal elevations predicted by HYDROMAP based on
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Northeast of Lowendal Islands (Mooring #1) — Near sea-bed

Technical Appendix: Spill risk modelling
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Technical Appendix: Spill risk modelling

Northeast of Lowendal Islands (Mooring #1) — Near sea-bed
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currents at Mooring #1 in the (a) east-west direction and (b) north-south direction.
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Northeast of Lowendal Islands (Mooring #2) — Near seabed
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Technical Appendix: Spill risk modelling

Northeast of Lowendal Islands (Mooring #2) — Near seabed
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Figure 12: Time-series plot showing the comparison between measured and
predicted near-seabed currents at Mooring #2 in the (a) east-west direction and (b)

north-south direction.
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Northeast of Lowendal Islands (Mooring #1) — Mid-depth
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Figure 13: Stick plots comparing the speed and direction of observed and
predicted currents mid-depth at Mooring #1.
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Northeast of Lowendal Islands (Mooring #1) — Mid-depth
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Figure 15:

Time-series plot showing the comparison between measured and

predicted mid-depth currents at Mooring #1 in the (a) east-west direction and (b) north-
south direction.
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East of Barrow Island (Location 5) — Mid-depth
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Figure 16: Stick plots comparing the speed and direction of observed and

predicted currents mid-depth at Location 5.
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East of Barrow Island (Location 5) — Mid-depth
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Figure 18: Time-series plots showing the comparison between the measured and

predicted mid-depth currents at Location 5 in the (a) east-west direction and (b) north-
south direction.
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Gorgon North (Location 2) — Near-surface
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Figure 19: Stick plots comparing the speed and direction of observed and

predicted currents near surface at Location 2.
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Gorgon North (Location 2) — Near-surface
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Figure 21: Time-series plots showing the comparison between the measured and

predicted near-surface currents at Location 2 in the (a) east-west direction and (b)

north-south direction.
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Gorgon North (Location 2) — Mid-depth
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Figure 22: Stick plots comparing the speed and direction of observed and
predicted currents mid-depth at Location 2.
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Technical Appendix: Spill risk modelling

Gorgon North (Location 2) — Mid-depth
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Figure 25: Locations of the wind stations used as a source of long-run wind data
(1988-1998). NCEP = output from the NCEP Model Reanalysis Program, NOAA. Barrow
Island = output from a fixed anemometer.
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ENVIRONMENTAL RISK SOLUTIONS

Eg S

1. SUMMARY

The Gorgon Venture (GV), the participants being ChevronTexaco Australia, Texaco
Australia, Shell Developments Australia and Mobil Australia Resources Pty Ltd; proposes
to construct and operate a number of pipelines and onshore plant as part of the Gorgon
Development which is located off North Western Australia.

During the construction and operation phases of the project, there is potential for spills of
fluid to the marine environment; the scenarios for which have been identified by others
(APASA, 2004, Reference 1). Environmental Risk Solutions Pty Ltd (ERS) has been
commissioned to undertake a Primary Risk Assessment for the identified scenarios as
part of the Environmental Impact Statement/Environmental Review and Management
Programme (EIS/ERMP) for the Gorgon Development.

There are 12 Spill Scenarios that have been identified, two of which relate to the
discharge of hydrotest water which is an intended action, and was not considered further.
With regards to the spill scenario due to work vessel collision within port approaches, it
was concluded that this scenario is very unlikely to occur and result in a marine spill, and
was not considered further.

In determining the primary risk for the Spill Scenarios, reference has been made to data
that is available in the public domain, the majority of which is based on incident history for
North Sea and European operations. The source of the data reflects a location where
there are a number of large facilities with associated support infrastructure in terms of
pipelines, support vessels, etc. The Gorgon Development is remotely located and
although the data is applicable, the results in terms of primary risk represent a
conservative approach. Data that is available in the public domain such as the
Exploration & Production Forum, and Lloyd’s Maritime Information Service has been used
to determine the primary risk. Table 1.1 is a summary of the primary risk for the 10 Spill
Scenarios.

Table 1-1 Primary Risks Table

Spill Description Primary Risk
Scenario
ID
1 Rupture at Central Manifold 1.5x10™ Iy
2 Rupture of the Feed Pipeline 14 km from Barrow Island along | 2.81 x 10° /kmy
proposed Route 1
3 Rupture of the Feed Pipeline 14 km from Barrow Island along | 2.81 x 10”° /kmy
proposed Route 2
4 Rupture of the Feed Pipeline 200m from Barrow Island along | 2.81 x 10”° /kmy
proposed Route 1
5 Rupture of Condensate Export Pipeline 1.48 x 10™ /kmy
6 Refuelling accident during the supply gas pipe-laying 4.1x10%y ™
7 Refuelling or incident or spill of fuel from the port facilities 9.0 x 10y
8 Work vessel collision within port approaches ruled out
9 Grounded export tanker 2.34x107ly
10 Rupture of the MEG Pipeline 4.32x10° /kmy
Note: 1 This scenario is applicable for the year during pipe-laying only.
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2.2

INTRODUCTION

Background

The Gorgon Venture (GV), the participants being ChevronTexaco Australia, Texaco
Australia, Shell Developments Australia and Mobil Australia Resources Pty Ltd; proposes
to construct and operate a number of pipelines and onshore plant as part of the Gorgon
Development which is located off North Western Australia. A gas processing facility (ie a
Liquefied Natural Gas (LNG) and Domestic Gas (DOMGAS) plant) located on the central-
east coast of Barrow Island would process the gas. The production fluids from the
Gorgon Fields will be transported to this plant via a pipeline known as the Feed Gas
Pipeline. The liquid hydrocarbon product would then be transported by ship to
international markets. Compressed domestic gas would be delivered via a sub-sea
pipeline to the Western Australian Mainland for use in the industrial and domestic gas
markets.

During the construction and operation phases of the project, there is potential for spills of
fluid to the marine environment; the scenarios for which have been identified in work by
others (APASA, 2004). Environmental Risk Solutions Pty Ltd (ERS) has been
commissioned to undertake a Primary Risk Assessment for the identified scenarios as
part of the Environmental Impact Statement/Environmental Review and Management
Programme (EIS/ERMP) for the Gorgon Development. This document reports said risk
assessment.

Scope

One of the preliminary phases of the Marine Spill and Discharge Risk Assessment was
the undertaking of the identification of spill scenarios as reported in the Marine Spill and
Discharge Risk Assessment Report (Reference 1). These are:
Hydrocarbon Spill Scenarios:

1. Rupture at Central Manifold.
Rupture of the Feed Pipeline 14 km from Barrow Island along proposed Route 1.
Rupture of the Feed Pipeline 14 km from Barrow Island along proposed Route 2.
Rupture of the Feed Pipeline 200m from Barrow Island along proposed Route 1.
Rupture of Condensate Export Pipeline.
Refuelling accident during the supply gas pipe-laying.
Refuelling or incident or spill of fuel from the port facilities.

Work vessel collision within port approaches.

© ® N o g s~ DN

Grounded export tanker.

Non-hydrocarbon Spill Scenarios:
10. Rupture of the MEG Pipeline.

11. Discharge of hydrotest water from the supply manifold at Production Manifold (M2)
at a depth of 200m.

12. Discharge of hydrotest water from the DOMGAS Line on the east coast of Barrow
Island supply manifold at Production Manifold (M2) at a depth of 2m.
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The likelihood (i.e. the Primary Risk) of each of the above spill scenarios is to be
determined. Given that the discharge of hydrotest water (Spill Scenarios 11 and 12
above) is an intended action, then these are not considered further.

3. ANALYSIS

3.1 Overview

In determining the primary risk for the Spill Scenarios, reference has been made to data
that is available in the public domain, the majority of which is based on incident history for
North Sea and European operations. The source of the data reflects a location where
there are a number of large facilities with associated support infrastructure in terms of
pipelines, support vessels, etc and where weather conditions are more severe from those.
The Gorgon Development is remotely located and although the data is applicable, the
results in terms of primary risk represent a conservative approach.

3.2 Pipeline Primary Risk

Of the 10 Spill Scenarios that are identified in Section 2.2, five are due to the rupture of a
submarine pipeline; i.e.;

o spill scenario ID No 2 - rupture of the Feed Pipeline 14 km from Barrow Island along
proposed Route 1;

o spill scenario ID No 3 - rupture of the Feed Pipeline 14 km from Barrow Island along
proposed Route 2;

o spill scenario ID No 4 - rupture of the Feed Pipeline 200m from Barrow Island along
proposed Route 1;

o spill scenario ID No 5 - rupture of Condensate Export Pipeline; and
o spill scenario ID No 10 - rupture of the MEG Pipeline.

A source of submarine pipeline risk data is provided by PARLOC (Qil Industry
International Exploration and Production Forum, 1992 (Reference 2)), which is prepared
for the United Kingdom’s Health and Safety Executive (HSE) and is internationally
recognised. PARLOC provides data for flexible and steel pipelines and risers for various
sizes and is primarily focussed on pipelines in the North Sea. The frequency data from
the North Sea incorporates data from incidents that are due to a very high number of ship
movements when compared to the environs of the Gorgon Field and Barrow Island.
Therefore, the primary risk data used in this study reflects a very conservative approach.
In the absence of other publically available data that is equally regarded, then this data is
used for the Gorgon submarine pipelines.

The data is presented in terms of a Loss of Containment (LOC) for pipelines in operation
due either to;

o anchor and impact incidents; or
o corrosion and material defects.

In the calculation of frequencies, PARLOC assumes that the number of incidents follows a
mathematical binomial distribution known as a Poisson Distribution. The best estimate, as
used in this study, repeats this distribution with an upper 95% and lower 5% confidence
limits.
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3.3

With regards to the Condensate Export Pipeline, it is proposed to use the existing Barrow
Island Oil Export Line, and therefore in determining the Primary Risk, the upper bound is
used. This provides a conservative approach to accommodate the age of the existing
pipeline, whilst recognising that, as reported by PARLOC, it is difficult to draw firm
conclusions on trends in LOC primary risk with age.

The MEG Pipeline will be one of the lines included in the Umbilical Bundle. PARLOC
concludes that the reporting of incidents involving umbilicals is not considered to be
comprehensive. Therefore, relevant data is not available pertaining specifically to the
MEG Pipeline. Given that this pipeline’s route will be parallel to the Feed Pipeline and
provided with the same protection mechanisms, then PARLOC’s data for this size pipeline
is assumed to be applicable.

The PARLOC data provides the distribution of the leak sizes including the scenario for
pipeline rupture. For pipelines with a diameter greater than 16 inches, (i.e. the Feed
Pipeline, and the Condensate Export Pipeline) the distribution of pipeline ruptures is 1/3 of
the total likelihood for all pipeline LOCs for this size pipeline. For the MEG Pipeline, the
distribution is 14.7% for pipeline ruptures when compared to the total likelihood for all
pipeline LOCs. These distributions are applied to the total likelihoods to provide the
primary risk for the rupture spill scenarios. These are listed in Table 3.1.

Table 3-1 Pipeline Primary Risks Table

Spill Description Primary Risk
Scenario (per kmy)
ID

2 Rupture of the Feed Pipeline 14 km from Barrow lIsland | 2.81 x 107
along proposed Route 1

3 Rupture of the Feed Pipeline 14 km from Barrow lIsland | 2.81 x 107
along proposed Route 2

4 Rupture of the Feed Pipeline 200m from Barrow lIsland | 2.81 x 107
along proposed Route 1

5 Rupture of Condensate Export Pipeline 1.48 x 10*

10 Rupture of the MEG Pipeline 432x10°

Rupture of Central Manifold

It has been identified that there is potential for a rupture to occur at the Central Manifold
which is a sub-sea installation.

The HSE hydrocarbon release database is a comprehensive collection of all significant
hydrocarbon releases in the UK offshore sector from 1992 to 1997. The Centre for Marine
and Petroleum Technology (Reference 3) reports this database and includes the major
event LOC frequencies for installation type (i.e. fixed manned, unattended, sub-sea, semi-
sub and jack-up). The reported likelihood of a LOC for a sub-sea installation is 1 x107 per
installation year.

The HSE hydrocarbon database includes a distribution of hole sizes and the probability of
that hole size. For this scenario, it is assumed that rupture is equivalent to hole sizes
greater than 100mm in diameter; the probability of which is 0.015.

Therefore the primary risk for rupture of the Central Manifold is 1.5 x 10 per year.
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3.4

3.5

3.6

Refuelling accident during the supply gas pipe-laying

It has been identified that a spill of fuel used by vessels during the pipe-laying
construction phase could occur. This spill could occur during the refuelling of the pipe-
laying vessels from dedicated barges, with the likely cause being the failure of the transfer
hose.

The E & P Forum (Reference 2) provides data from the United Kingdom Continental Shelf
(UKCS) offshore loading statistics on Department of Trade and Industry pollution reports
over the years 1977 to 1993. This data has been broken down into separate factors for
the different components of the loading system. For transfer hoses, the likelihood of a
LOC is 4.1 x 10 per cargo transfer.

It is assumed that the Feed pipelines will be installed by a single pipe-laying barge over an
8 month period. During that time, the pipe-laying barge will require approximately 10
refuellings. It is anticipated that the pipe-laying will require a supply vessel/tender to
support the pipe-laying barge, the refuelling of which will be at Dampier. Therefore to
determine the annualised primary risk during the year of construction for the supply gas
pipeline, the 10 refuellings for the pipe-laying barge are applicable. The primary risk is 4.1
x 10y and is only applicable for the period during pipe-laying.

Refuelling or incident or spill of fuel from the port facilities

This spill source includes the spills that may occur during a transfer of fuel to and from the
Material Offloading Facility (MOF) port facilities during the construction phase. The
probable spill source includes the fuel pipeline along the wharf and transfer hoses.

The above UKCS statistics published in the E & P Forum (Reference 2) provide data by
which the likelihood of a LOC, due to pipeline and transfer hoses, is determined to be 3.0
x 107 per cargo transfer.

It is anticipated that the facilities on Barrow Island will be refuelled twice per year. The
refuelling of vessels is assumed to occur at Dampier where there is existing infrastructure
for both the project’s construction and operational phases. During the operational phase,
it may be necessary to refuel a vessel, but this is considered to be an infrequent event.
Nevertheless, a conservative assumption is made that a total of 3 refuellings will occur per
year and the primary risk is determined to be 9.0 x 10%/y.

Work vessel collision within port approaches

During the construction phase of the project, there is potential for work vessels to collide
within the port approaches. The construction phase will involve approximately 7 support
vessels that will be approximately 20m in size. The approaches to Barrow Island are in a
Designated Port Area and are subject to the controls for that area which include low
speed and good communications. It is not expected that a collision between vessels will
occur given the low number of vessels in the large port area and the port control.

In the unlikely event of a vessel collision, given the low speed, then it is considered that
any damage incurred, if any, will be minimal. Therefore it is highly unlikely that fuel tanks
(either the vessel's own tanks or tanks used to transport fuel to other vessels) would suffer
damage that could result in a spill.
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3.7

From the anecdotal evidence of the operations at Dampier Port with a larger number of
vessel movements, there have been no incidents of vessel collisions resulting in spills to
the marine environment between support vessels, and support vessels and ships within
the Woodside port approaches. It is therefore concluded that this scenario is very unlikely
to occur and result in a marine spill, and will not be considered further.

Grounded export tanker

It has been identified that a spill could occur during the operational phase of the project as
the result of an export condensate tanker or LNG tanker being grounded in the port area.
The spill could either originate from the tanker’s fuel tanks or the condensate on-board the
condensate tanker. The following examines the likelihood of such an event resulting in an
LOC of approximately 10 to 100m®.

The primary source of ship accidents data is the ship casualty database maintained by
Lloyd’s Maritime Information Service. The probability of a loss can be obtained by
combining the historical data with fleet data as provided by Lloyd’s Register, which, covers
all self-propelled sea-going merchant vessels over 100 gross tonnes. In its analysis of
this data for the period of 1991 to 1995, DNV reported (Reference 4) the frequency in
terms of per ship year for a ship grounding and the probability of an oil spill due to
grounding.

The data provided segregates the groundings between a powered grounding where the
vessel is under-way by its own engines, and a drift grounding where the vessel is drifting
without propulsion from its engines. The likelihood of a powered grounding is higher than
a drift grounding. This likelihood is used in this study, as the vessels will be under-way
during transits to and from the export berth. This represents a conservative approach
which is in keeping with good practice. Further levels of conservatism are incorporated
into this analysis by;

e the historical data from Lloyd’s Maritime Information Service is significantly
influenced by the number of incidents involving single hull vessel versus doubled
hull vessels. The latter have been in service for a relatively short period when
compared to single hull vessels and the benefits of double hull vessels include the
reduced likelihood of a LOC to the marine environment being incurred given an
incident occurs (i.e. collision, grounding, etc.). Given that in the future, the number
of double hull vessel will increase and single hull vessels will decrease as per the
requirements of the International Maritime Organisation, then it is expected that
the probability of an oil spill occurring due to powered grounding will decrease; and

e the schedule of LNG Tankers is one every 3 days (i.e. 122 vessels per year), and
condensate exports are scheduled at one per month (i.e. 12 vessel per year).
Therefore the LNG Tankers dominated the analysis. LNG tankers are generally
constructed so that the ship’s fuel tanks are located at the stern of the vessel.
Given that the likelihood of grounding whilst under power is higher than a drift
grounding, then in the scenario for grounding whilst under power, it is more likely
that other sections of the LNG Tanker will come into contact with a reef than the
stern. Therefore, given the location of the ship’s fuel tanks, it is considered to be
the least likely scenario by which an LOC to the marine environment could occur.
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The likelihood of a tanker vessel being grounded whilst under power is 2 x 10 per ship
year, and the probability of an oil spill occurring due to the grounding whilst under power is
0.2. Therefore the likelihood of an oil spill from grounding whilst under power is 4 x 10
per ship year.

This assumes that the vessel is in the port area continually throughout the year. It is
therefore necessary to account for the actual proportion of time that a vessel is in transit in
the port area so as to reflect the actual level of primary risk due to each vessel. The sum
of all scheduled vessel transits within the Barrow Island Port Area as a proportion of the
total hours per year, together with the likelihood of an oil spill from grounding whilst under
power will determine the annual primary risk of an oil spill from grounded export tankers.

It is assumed that a condensate tanker will require 1 hour per transit for berthing, and an
LNG Tanker will require 2 hours to transit the 8km in the designated channel until it is tied
up along-side its station. It is assumed that similar periods of time are required for the
outward transit. The schedule of LNG Tankers is one every 3 days (i.e. 122 vessels per
year), and condensate exports are scheduled at one per month (i.e. 12 vessel per year).
Therefore the total number of hours that vessels are in transit in Barrow Island Port Area
per year is 512, which equates to:

512

W = 0.058 of a year.

Therefore the primary risk of an oil spill from a grounded export tanker is determined to be
4 x 10™ x 0.058 = 2.34 x 10°ly.
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1 Introduction

Global Environmental Modelling Systems (GEMS) has been contracted to carry out
simulations of the dredging of the Materials Offload Facility (MOF) and the LNG
shipping access channel for the Chevron Gorgon Development at Barrow Island.

The work is being undertaken using two sophisticated numerical computer models:

a) The GEMS 3D Coastal Ocean Model (GCOM3D) to simulate the complex
three-dimensional ocean currents surrounding Barrow Island; and

b) The GEMS 3D Dredge Simulation Model (DREDGETRAK) to determine
the fate of particles released into the water column during the dredging
operations.

1.1 Scope of Work

The Scope of Work for this study has been undertaken in several stages as follows:

Stage 1: Simulations for a “Typical” 15 month Period

a) Incorporate the latest bathymetry data and establish bathymetric grids
(covering all potential regions of impact) for the hydrodynamic and dredge
simulation modelling.

b) Analyse annual meteorology data for the region to choose a “typical” 15
month period.

C) Run GCOMBS3D for a selected period and compare with ocean currents
and tides measured by MetOcean in 2003.

d) Show results of hydrodynamic model verification and discuss
methodology with the EPASU.

e) Meet with URS and Baggermans to establish the best estimate of the
dredge simulation parameters including:
e Particle distribution curve
Dredge(s) to be used and proposed hours of operation
Dredge cutting rate(s)
All potential sources of turbidity together with rate and duration
Proposed spoil ground(s)
Establish the expected maintenance schedules and associated down
times.

f) Meet with RPSBBG to establish the required outcomes of dredge
simulations (e.g. TSS levels and durations, bottom sedimentation
thickness, impact zone criteria)
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g)

h)

i)

Run GCOMBS3D for the “typical” 15 month period driven by winds, tides
and satellite sensed large scale currents.

Run the full dredge scenario for the MOF and the LNG access channel
for the “typical” 15 month period.

Analyse output from the simulation to provide data for initial impact
assessment studies.

Derive impact zones, based on model output and RPSBBG exposure
criteria, defining regions of full mortality, partial mortality and exposure
without mortality.

Stage 2:

Sensitivity Studies

Analyse annual meteorology data for the region to choose two “atypical” 15
month periods with more or less easterly wind events than the “typical” year.

Run GCOMS3D for the two “atypical” 15 month periods driven by winds, tides
and satellite sensed large scale currents.

Run full dredge simulations for three extra dredging scenarios:

An  “atypical” meteorological period containing more easterly wind
events.

An “atypical” meteorological period containing more westerly wind
events.

A “typical” meteorological period with the underkeel clearance (UKC) of
the THSD limited to 4 metres to reduce propeller wash.

Analyse output from the simulations to determine differences between the
“typical” and “atypical” years and the effects of limiting UKC.

Derive impact zones based on model output and RPSBBG exposure criteria
for the three sensitivity scenarios.
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2 GEMS Background Information

GEMS has expertise in the development and application of high-resolution
computer models to realistically predict atmospheric and oceanographic conditions
for use in riverine, coastal and oceanic settings. The GEMS team is made up of
qualified and experienced physical oceanographers, meteorologists, numerical
modellers and environmental scientists.

GEMS is a leading developer of numerical models in Australia. It has developed a
system of validated environmental models that provide solutions to a variety of
environmental, engineering and operational problems. Services provided to the oil
and gas exploration industry include:

e Oil Spill Prediction and Risk Modelling under fully representative climatic and
oceanographic conditions;

¢ Real-time, on-call Oil Spill Modelling

e Dredge sediment fate modelling

e Production Formation Water and Pipeline Hydro-test discharge modelling
and related risk analysis;

e Wave/Current design criteria modelling for pipelines and off-shore and on-
shore facilities;

e Comprehensive tropical cyclone modelling, including winds, waves, currents
and storm surge;

e Provision of accurate tidal prediction based on extensive 2D and 3D
hydrodynamic ocean modelling.

Through it links with Australia’s premier research institution, the Commonwealth
Scientific and Industrial Research Organization (CSIRO), GEMS now includes
satellite derived ocean elevation and large-scale ocean current data into its
modelling suite. This state-of-the-art approach allows more accurate representation
of ocean currents to be included in all ocean discharge applications. The
methodology was applied successfully as part of a comprehensive Environmental
Impact Assessment for the Woodside Enfield Project (and more recently for the
BHP Stybarrow and Pyrenees studies) near the Ningaloo Marine Park.

The Australian Maritime Safety Authority (AMSA) has now fully implemented the
GEMS atmospheric and oceanographic modelling suite into its Search and Rescue
and Oil Spill Response systems. GEMS models provide the basis for on-going,
round-the-clock spill response services for Chevron, Woodside, Apache and BHP-
Billiton.

GEMS involvement with the oil industry in Australia dates back to its introduction of
3D modelling for oil spill trajectory modelling to the oil industry in the early 1990’s.
GEMS first undertook a series of tracking-verification exercises for WAPET in 1991.
These verification studies demonstrated the need to model the ocean in three
dimensions and to model at sufficiently high resolution to explain the flow in
complex regions such as Barrow Island.

GEMS pioneered the stochastic approach to risk modelling, whereby the effects of
inter-annual variability are treated intrinsically within the modelling program by
running a large number of simulations commencing at randomly chosen times over
several years.
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3 Climate and Meteorology

The climate of the region is effectively dominated by two main seasons.

During the ‘dry’ season from May to October a belt of high pressure known as the
sub-tropical ridge forms over the continent and results in semi-persistent easterly
flow across the Pilbara. This flow may weaken and strengthen as individual high
pressure centres evolve to the south in response to cold frontal activity. The
easterly flow is characterised by low moisture content and stable weather
conditions.

Warming of the continent following the winter solstice results in a gradual southward
migration of the subtropical ridge. This has a two-fold effect by which the general
strength of the easterlies weaken and a persistent ‘heat’ trough (area of low
pressure) forms along the Pilbara coast. Over the greater Gorgon area, the general
flow then trends to be more southwesterly. Closer to the coast diurnal variations in
terrestrial temperatures cause local sea-breeze impacts to become important.

This general trend toward more westerly flow results in monsoonal flow across the
tropical north. Episodic bursts in monsoonal activity results in increased tropical
convection (thunderstorms) and convective clusters can form into discrete low
pressure systems and, if conditions are conducive, these can eventually intensify to
tropical cyclones.

Generally cyclogenesis occurs well to the north where sea temperatures are
warmer; storms may then intensify as they track southwards. The direction of
movement of the storms is generally controlled by upper atmospheric ‘steering’ —
some storms track to the west under the influence of strong upper easterlies, but
others can recurve towards the Pilbara coast. This situation can be conducive to
rapid intensification and acceleration of the cyclones toward the Pilbara coast.
More recent developments in numerical weather prediction and other forecasting
techniques has allowed for more accurate forecasting of such events with longer
advisory lead times.

In the past, much of the atmospheric forcing applied in the region has been based
on the application of historic, single station (wind) data obtained from the nearest
automatic or manual weather station to the site of interest.

This approach is often unsatisfactory since the single station data does not
adequately represent the spatial variability of the governing climate conditions.
GEMS has already moved to applying spatial and time varying data from numerical
weather prediction (NWP) models to force its oceanographic models. The
improvement in results based on this approach was verified in satellite tracked
drifting buoy exercises carried out for the Woodside Enfield project between
Northwest Cape and Barrow Island.

Data from the Bureau of Meteorology’s operational weather forecast model (LAPS -
Limited Area Prediction System) is used for this purpose.

Meteorological measurements have been recorded at Barrow Island for many years
and provide the ability to examine the behaviour of the local winds. The annual
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wind rose for Barrow Island, derived from 6 years of data (1999 - 2005), is given in
Figure 3.1. These data are disaggregated into quarterly wind roses in Figures 3.2
to 3.5.

Figure 3.6 shows the results of an analysis of the occurrence of easterly or westerly
wind events compared with the average during the years 1999 to 2005.

Barmowls

Years: 1333 - 2005
Period : All Months
MNo. of Obs = 50109

Urits : m/s Frequency Rings : 10%%2

25 80 75 100 125 150 2

Figure 3.1: Annual wind rose for Barrow Island derived from the years 1999 to 2005.
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Figure 3.2: Wind rose for Barrow Island for January to March from 1999 to 2005.
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Figure 3.3:  Wind rose for Barrow Island for April to June from 1999 to 2005.
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Figure 3.4:  Wind rose for Barrow Island for July to August from 1999 to 2005.

Figure 3.5:  Wind rose for Barrow Island for September to December from 1999 to 2005.
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Figure 3.6:  Analysis of the occurrence of easterly or westerly wind events compared

with the average during the years 1999 to 2005.
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4 GCOM3D and DREDGETRAK

41 Modelling the Physical Oceanography

The dominant influences on the circulation in the waters surrounding Barrow Island
are the local wind and tides. This circulation can be simulated to a high level of
accuracy using the GEMS three-dimensional ocean model (GCOM3D).

GCOMS3D is a state-of-the-art 3D primitive equation ocean model, which has been
developed by GEMS to study and predict ocean currents on or near the continental
shelf and in harbours and estuaries anywhere on the globe. GCOM3D includes the
non-linear advection terms and is driven by wind stress, atmospheric pressure
gradients, astronomical tides, depth and terrain dependent bottom friction and
ocean thermal structure (where relevant). For high-resolution studies over small
regions GCOM3D can be nested in larger domains and still runs relatively fast on
any modern computer (PC or UNIX).

For search and rescue applications and the tracking of buoyant discharges the
surface ocean currents from GCOMS3D are used. For oil spill modelling, water
quality, sediment transport and other marine discharge studies, which often require
an understanding of the vertical variation of the currents, the full three-dimensional
current field is used.

GCOM3D is the longest serving three-dimensional ocean model in Australia. It was
the first 3D ocean model to be used on a consulting job (Geelong Ocean Outfall,
1984) and has since been continuously developed in the research world and since
the formation of GEMS in 1993.

GCOMS3D has been used by the Australian Maritime Safety Authority in Canberra,
as the national ocean forecast model for search and rescue (and oil spill prediction)
for the past three years. During this time the model has been used at many
locations around the Australian coastline and verified against SAR buoys (surface
drifters) with only three cases in three years producing incorrect results. These
cases have since been shown to be due to the influence of the East Australian
Current, which has now been incorporated.

4.2 Dredge Modelling

Once the physical oceanography has been simulated it is possible to study the
movement of discharges into the water column (e.g. sediments, chemicals etc.) or
components of the water body itself (flushing rates of harbours, bays etc.).

The GEMS 3D Dredge Simulation Model (DREDGETRAK) is used either for
simulating the ambient behaviour of coastal sediments under the influences of
waves and currents or the specific fate of particles discharged during a dredging
program. This model inputs the physical environmental data from GCOM3D,
together with wave data and meteorological data, to simulate the movement and
deposition, of suspended particles in the water body across the study area.
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DREDGETRAK was used with great success in the Geraldton Port Redevelopment
Project where it was extensively verified against in situ data, aerial photographs and
satellite images.

In Western Australia it has since been used in Mermaid Sound for both the Dampier
Port Authority and the Hammersley Iron port expansion projects and in New
Caledonia for the INCO nickel processing plant and port development.

4.3 Model Forcing

Model forcing includes both wind and tides concurrently.

4.3.1 Meteorology

GCOMS3D can be driven with gridded atmospheric model output or single station
data. For this study wind observations at Barrow Island were used to represent the
meteorology of the region. Data was obtained for a 6 year period from 1999 to
2005 and analysed.

Meteorological data for 2001 was chosen for the “typical” year as the wind rose for
this year closely represented the long-term wind rose (Figure 3.1). The reason for
this choice of time period can be more clearly seen in Figure 3.6 which shows the
analysis of east-west anomalies in the six year wind record. This figure also
underlines the selection of 2000 to represent the period containing more easterly
events and 2002 to represent the period containing more westerly events.

4.3.2 Bathymetry

The bathymetric data sets held by GEMS were updated with bathymetry acquired
by Chevron. The GEMS database has been developed from a range of sources
including data from Geoscience Australia (formerly AUSLIG) and oil company
surveys. Of particular relevance to this project is that the original 3D bathymetric
survey of the Gorgon field is included together with the Apache Energy 3D
bathymetric survey from south of Barrow Island to the Montebello Islands.

4.3.3 Tides

Tidal forcing was based on data from the GEMS Australian region gridded tidal data
base which has been developed with extensive modelling programmes.

The tidal data for this project was enhanced with data from a high resolution tidal
modelling project carried out by GEMS for Apache Energy in 1998.
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5 Verification OF GCOM3D

Current measurements during August 2003 were available on the eastern side of
Barrow Island and were used to compare with GCOMS3D current predictions.

To verify GCOM3D a bathymetric grid covering the region in Figure 5.1 was set up
at 100 metre resolution. Tidal data for the model boundaries was extracted from
the GEMS database and winds from the Bureau of Meteorology were used to force
the model.

GCOM3D was run for the month of August, 2003 producing hourly currents at
between 5 and 15 levels in the water column (depending on the depth).

Figures 5.1 and 5.2 show examples of the flood and ebb tidal flow in the region
respectively. Figures 5.3 and 5.4 show the good agreement obtained between
GCOMS3D predictions of current speed and direction and the observed data for the
full month of August, 2003.

To augment this verification further measurements (including the release of drifters
as recommended by the EPASU) are planned for later this year.
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Figure 5.1: Example of the flood tide near Barrow Island predicted by GCOM3D.
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Figure 5.2: Example of the ebb tide near Barrow Island predicted by GCOM3D.
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Figure 5.3: Comparison of current speeds measured with the WNI buoy (blue) and
GCOMB3D predictions (purple).
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Figure 5.4: Comparison of current directions measured with the WNI buoy (blue) and
GCOMBS3D predictions (purple).
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6 Verification of Dredgetrak

The best verification of Dredgetrak available so far was carried out during the
Geraldton Port dredging program. The results are described in this section.

6.1 Method

To establish predictions for the verification of the GEMS sediment plume model, a
hindcast of the actual dredging program was carried out using the real-time wind,
wave and dredge location/performance data. The hindcast was carried out from the
commencement of dredging in October, 2002 until December 31, 2002 to generate
fine particle loads in Champion Bay for comparison with TSS data collected in late
November and December 2002 by the GPA.

The detailed tasks required to achieve these aims were as follows:

e Setup new model domain/bathymetry over a larger area than in previous
studies

e Setup the sediment plume model with the new input data

e Process wind, wave and dredge location data from the commencement of
dredging to December 31, 2002

e Hindcast ocean currents with the GEMS 3D Ocean Model (GCOM3D) driven
by tides and winds from Geraldton Port for the period October 2002 to
December 31 2002

e Hindcast turbid plume behaviour with the sediment plume model, driven by
currents from GCOM3D, for the period October 2002 to December 31 2002

e Compare model predictions with satellite and aerial photos at four specific
times in the prediction period.

¢ Analyse hindcast data to compare predicted TSS values with measured data

in November and December 2002.

6.2 Results

Figure 6.1 shows the model region and the sites chosen for sampling TSS levels in
Champion Bay. Figures 6.2 and 6.3 show sample surface currents from GCOM3D
during the three month simulation under the influence of southerly and north-
easterly winds respectively.
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6.2.1 Comparison of Predictions with TSS Measurements

The results of the plume model predictions for TSS are compared with observations
taken by the GPA on 7 days in late November and December in Table 1. The
observed values shown in Table 1 are an average of all measurements taken in
Champion Bay on the particular day. Since TSS measurements can vary
significantly with small spatial or temporal changes it was considered to be more
valid to compare regional averages rather than try and compare site-specific
predictions and measurements.

Table 1 indicates that on December 5 the model exhibits a generally higher
suspended sediment load in Champion Bay than recorded. On the other 6 days,
however, the agreement is much closer. Given the potential errors in the input data
(winds, dredge performance, particle distribution) the overall agreement must be
considered to be very good.

6.2.2 Comparison of Model Predictions with Satellite and Aerial Photos

Comparison of model predictions with aerial or satellite photos can be misleading
as it is impossible to determine what TSS values are contributing to the turbid
plume in the images. Nevertheless a qualitative comparison can be made and such
things as the basic path of the plume, denser areas etc. can be compared.

The GPA provided satellite images for November 26 and December 17, 2002 and
aerial photos for October 30, December 5 and December 18, 2002. Comparisons
are shown for these dates in the following figures:

a) Figures 6.4 and 6.5 compare the satellite image with model predictions
on October 30, 2002.

b) Figures 6.6 and 6.7 compare an aerial photo with model predictions on
November 26, 2002.

c) Figures 6.8, 6.9 and 6.10 compare aerial and satellite photos with model

predictions on December 18, 2002

On the other three days of comparison with satellite and aerial photos the plume is
predominantly moving northward and the predictions show similar paths and density
patterns to the photos.
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6.2.3 Outcomes

The qualitative comparisons with satellite and aerial photographs show similar
features and density patterns although, as expected, agreement is by no means

exact.

These qualitative results and the good agreement between predicted and measured
TSS values on six out of the seven days suggests that the sediment plume model is
simulating the sediment loads in Champion Bay very well and can reliably be used

to predict the fate of turbidity from the dredging programme.

Figure 6.1:
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Model region showing TSS sites chosen for output in Champion Bay.
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114.6E

Figure 6.2: Sample surface currents from GCOMS3D during southerly winds.

114.6E
Figure 6.3: Sample surface currents from GCOM3D during north-easterly winds.
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Table 1: Comparison of Predicted TSS values (P1-8) with measured values (TL1-21).
Site TSS imilli
P1 54 7.3 9.7 6.1 4.9 34 1.3
P2 5.2 3.0 8.8 2.6 3.9 3.5 1.1
P3 4.9 25 6.0 4.6 2.0 3.5 1.0
P4 4.2 2.2 5.6 3.5 3.0 1.8 0.4
P5 4.2 5.4 8.7 6.3 4.5 3.3 5.4
P6 3.6 2.3 8.7 34 2.9 2.7 5.0
P7 2.9 1.6 5.6 4.2 1.7 25 54
P8 2.7 1.0 5.5 3.3 1.9 1.0 23
Cmverage | a1 | 32 | 7s [ as [an [ ar | a7 [ s
TL1 5.8 1.2 2.6 1.7 4.7 1.2 2.9
TL2 3.9 2.2 4.0 2.7 4.3 1.3 2.1
TL3 34 3.3 2.9 3.0 1.8 0.9 24
TL4 3.8 14.2 3.6 4.2 4.2 2.0 4.8
TL5 3.1 1.9 6.0 2.7 2.6 1.6 1.9
TL6 24 2.8 5.2 5.9 34 2.2 3.2
TL7 9.3 2.7 4.5 2.0 25 1.4 3.1
TL8 11.9 2.6 5.1 2.8 2.9 1.1 3.7
TL9 6.7 2.2 5.0 3.3 1.8 5.1 5.6
TL10 4.7 - 3.6 3.6 2.6 1.4 1.5
TL11 - 2.9 3.1 4.4 2.7 1.6 2.1
TL12 - 2.0 3.0 4.7 4.3 2.0 2.2
TL13 34 2.7 5.4 5.3 2.8 1.2 1.6
TL14 - 3.7 24 4.8 4.2 2.2 2.0
TL15 - 2.7 2.6 4.5 4.0 4.1 1.8
TL16 5.0 2.6 3.1 4.4 4.2 1.8 3.9
TL17 - 2.7 2.8 4.4 34 1.3 2.9
TL18 - 4.2 34 3.5 5.2 3.8 3.6
TL19 - 3.6 2.9 4.1 3.3 2.8 23
TL20 - 5.6 27 5.1 5.9 3.1 3.4
TL21 4.2 4.6 7.2 4.6 3.7 6.1 35
se |
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Figure 6.4: Satellite photo of the turbid
plume on October 30,
2002
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Figure 6.5: Model prediction for the
turbid plume on October
30, 2002
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Figure 6.6: Aerial photo of the turbid plume on November 26, 2002

28.6

28.7
ips5 dpq

@ T TTag3T<-AT0TDXTCH

28.8

114.6E

Figure 6.7: Model prediction for the turbid plume on November 26, 2002.
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Figure 6.8: Aerial photo of the turbid plume on December 18, 2002
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18, 2002. 2002.

CHEVRON Barrow Island Dredging Program Page 27



GEMS - Global Environmental Modelling Systems Report 21/05

7 Dredge Program Simulations with DREDGETRAK

The dredge modelling was carried out in two steps. Firstly the 3-dimensional ocean
circulation of the region from south of Barrow Island to north of the Montebello
Islands was predicted for 15 months using GCOM3D. Then the total dredge program
was simulated over 464 days using DREDGETRAK which simulates the daily
behaviour of the dredge(s) based on an estimated dredge log

Modelling relied on the best available meteorology and bathymetric information and
included assumptions and details from other recent dredging programs in WA.
Where there was uncertainty in model parameters, conservative values were chosen
such that the model would tend to overestimate the impact. The modelling started in
October (from the proposed dredging schedule) with pauses during coral spawning.

Modelling predicted the hourly distribution of Total Suspended Solids (TSS) and
seabed coverage to be developed over the total dredge program (approximately 464
days). The daily output was analysed to derive periods of continuous exposure to
turbidity and/or sedimentation above defined thresholds. The result of this analysis is
summarised in maps of exposure zones showing regions affected by turbidity or
sedimentation that result in high impact, moderate impact or a visible plume or a very
small level of sedimentation.

7.1 Dredge Assumptions

For the model simulation of the dredging for the Material Offload Facility (MOF) the
following assumptions were made (Box 7.1):

Box 7-1: Summary of Assumptions for MOF Dredging - Cutter Suction Dredge
(CSD) Pumping to Bund

e A bund wall in the MOF outline will be filled with dredge spoil pumped directly from
the CSD.

e The volume of cut and fill is estimated to be 800,000 m?.

e According to the geotechnical data available, the material to be dredged is crystalline
limestone with a capping of calcarenite.

e The rock is believed to be harder on average than that encountered at Geraldton.

e The characteristics of the spoil are anticipated to be similar to that generated at
Geraldton (i.e. a high proportion of fines/flour and coarse limestone rubble).

e The duration of the dredging/reclamation program is estimated to be 18 weeks plus 2
(or more) weeks weather downtime.

e A mean dredge work rate of 96 hours of dredging per week. (actual rate will vary
depending on hardness of rock).

e Lost time is due to dredge stopping and changing teeth every few hours (more
frequently in harder rock) and for maintenance or refuelling activities.
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The dredge will start at outer end of the access channel and gradually work towards
the shore creating a 6.5m deep channel (LAT).

Maintenance will occur as needed. However when dredging rock there will be shut
downs each 7 to 14 days in harder material and longer in softer materials. Refuelling
will be undertaken each four to six weeks for 2 days.

It is assumed that 5% of total material cut will be below 75 microns and that the
distribution of these particle sizes will be similar to Geraldton.

It is assumed that 50% of these fines will be released at the cutter head and 50%
from the tailwater discharge.

For the simulation of the dredging of the LNG access channel and turning basin on
the eastern side of Barrow Island the following assumptions were made (Box 7-2):

Box 7-2: Summary of Assumptions for the LNG Access Channel and
Turning Basin

The total volume to be dredged is estimated to be 7 million m>.

Roughly 40% of the total volume in the LNG Access Channel and turning basin is
sediment which can initially be removed by TSHD.

The TSHD dredging and disposal cycle period will be approximately 2.5 hrs (based
on 90 minutes of dredging, 1 hour of travel to and from spoil ground including 10
minutes for dumping at the spoil ground).

TSHDs are less weather dependent than CSDs and will be able to deliver about 134
hours production per week which equates to 53 loads per week on average.

Assuming an average load of 6,000 m?, giving a rate of approx. 300,000 m? per week,
the sands can be removed in 11 - 12 weeks.

In general maintenance will be undertaken travelling to and from the spoil grounds
but the TSHD will cease operations for two days every 4 to 6 weeks to refuel and
undertake major maintenance.

Overflow will operate for the last 60 minutes of dredging and will be released under
the keel of the TSD (-6 m depth).

Overflow discharge will be approximately 8 m¥/sec (2 x 4 m® /sec dragheads).
Fines within the sediments may be released.

When dredging, without any controls on underkeel clearance, the principal source of
fines is anticipated to be from propeller action. Overflow of fines from the hopper are
added to this from beneath the keel.

The sands are coarser than the “rock flour” and the particle size distribution used in
this part of the simulation is based on laboratory analyses of field samples taken from
Development area.

The harder material will be removed by a large CSD pumping directly into one of two
self propelled hopper barges that will transport the material to the spoil ground.

CSD dredge behaviour and production rates are anticipated to be similar to the MOF
dredging rates described above (effective production of 96 hours/week).

The duration of CSD dredging is anticipated to be 48 weeks.
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o Fines/flour will be generated at the CSD cutter head and at the hopper barge overflow
which will be beneath the keel of the barge.

7.2 Simulation 1: The “Base” Case

For the “base” case DREDGETRAK was used to simulate the behaviour of particles
released into the water column by the dredges using the dredging program
assumptions outlined in the previous section. The dredging was started on October
1, 2000 and finished on January 8, 2002 to cover the period of most average
conditions. Turbidity and sedimentation data were stored hourly for each 1 m layer of
the water column of the gridded study area.

Sample plots showing predicted TSS plumes during the dredging program are shown
in Figures 7.1 and 7.2. These plots provide an insight to the variations that are likely
to occur as a result of changes to dredge location, tidal phase and wind strength and
direction during the dredging program.

When interpreting the results in Figures 7.1 and 7.2 the following issues should be
noted:

e all plots show turbidity levels due to dredging alone, and the colour codes
were chosen to distinguish the different concentration ranges. The latter
should not be taken as any indication of water coloration or clarity.

e The turbidity levels were derived at each model grid point by scanning the
water column from surface to bottom for the grid cell with the highest turbidity
rather than averaging over the water column. The results therefore show the
highest turbidity levels found across the grid.

The modelling predicts a build up of deposited sediments in the immediate vicinity of
the dredging area and spoil disposal site from the settlement of the larger sediments
(>75 um). Finer sediment fractions remain suspended for longer periods and lead to
increased turbidity which varies significantly in space and time. These variations are
due to the active ocean circulation around Barrow Island driven by strong tides and
marine winds.

The impact criteria provided by RPSBBG are given in Table 2. These criteria were
used to analyse the 464 days of model output to produce exposure zones showing
regions affected by turbidity or sedimentation that result in high impact, moderate
impact or influence (but no impact) (Figures 7.3 and 7.4).

Closer examination of the results showed that:

a) The dredging of the MOF contributed very little to the impact zones. In
other words, although there was turbidity generated during the dredging,
the major effects were very localised in the region surrounding the
dredging and the bund overflow. Likewise the sedimentation occurred
within a small distance from the dredging and did not occur in sufficient
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quantities elsewhere to violate the impact criteria, or even register as a
zone of influence.

b) The region of moderate impact due to sedimentation, extending northward
to the Lowendal shelf, is entirely due to material released into the water
column by the propeller wash of the THSD. This material is then subject to
strong tidal currents and southerly winds for several hours at a time
allowing it to move, deposit, resuspend etc. during several tidal cycles to
reach the Lowendal Shelf. A further point to note is that the algorithms for
generating suspended sediments due to propeller wash in the model are
not well proven and may be over-estimating the outcomes.

7.3 Simulation 2: The “Base” Case with UKC Controlled

A second simulation of 464 days of dredging was carried out with the same
assumptions/parameters as in Simulation 1 but with UKC controlled to 4 metres.

As before, the coral impact criteria were used to analyse the 464 days of model
output to produce exposure zones showing regions affected by turbidity or
sedimentation that result high impact, moderate impact or influence (but no impact)

(Figures 7.5 and 7.6).

These results showed a significant reduction in the moderate impact zone,
particularly in the region extending north towards the Lowendal Shelf.

Note that the sedimentation threshold was different for the base (2mg/cm?) and UKC
controlled (1mg/cm?) cases. This explains the differences in the area of influence in
Figures 7.3 and 7.5 and gives an insight into the effect of a change in the lower
threshold.

7.4 Simulation 3: The “Base” Case with more Easterly Winds

A third simulation of 464 days of dredging was carried out with the same
assumptions/parameters as in Simulation 1 but the dredging was started on October
1, 1999 and finished on January 8, 2001 to cover the period containing higher than
average easterly wind events.

The overall results from this simulation were similar to the “base” case but with
slightly increased flushing during the winter months when the easterlies added to the
westward flushing action of the ebb tide around Barrow Island.
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7.5 Simulation 4: The “Base” Case with more Westerly Winds

A fourth simulation of 464 days of dredging was carried out with the same
assumptions/parameters as in Simulation 1 but the dredging was started on October
1, 2001 and finished on January 8, 2003 to cover the period containing higher than
average westerly wind events.

The impact of the greater incidence of westerly winds (reduced level of easterly
winds) was evident in slightly higher occurrences of turbidity across the Lowendal
Shelf and past Varanus Island. However minimal change in the impact zones
resulted.
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Table 2: The Coral Impact Zone Criteria Supplied by RPSBBG
Note:
a) Exposure for at least six hours during daylight hours was regarded as
satisfying the exposure criteria
b) The minimum TSS level adopted for the zone of influence (zone 3) was
2mg/litre
C) The minimum sedimentation adopted for the zone of influence (zone 3)

was 1mg/cm?

Zone 1: High Impact

Variable Timeframe Concentration Time
(consecutive
days)
TSS Short >25mg I 5
Medium >10 mg I’ 20
Long >5mg I 80
Sedimentation Short >25mg cm= d’ 5
Medium >10 mg cm?d” 20
Long >5mgcm?d’ 40
Zone 2: Moderate Impact
Variable Timeframe Concentration Time
(consecutive
days)
TSS Short >25 mg I’ 2
Medium 210 mg I’ 7
Long >5mg I 20
Sedimentation Short >25mg cm?d” 2
Medium >10 mg cm? d” 7
Long >5mg cm?d” 20
Zone 3: Visible Plume and Extent of Sedimentation
Variable Timeframe Concentration Time
(Anything above background, (consecutive
but less than the moderate days)
impact zone)
TSS Short >0mg " <25 mg I” 2
Medium >0mg " <10 mg I” 7
Long >0mg !’ <5mgl’ 20
Sedimentation Short >0mgcm=“d’ <25 mgom®d”’ 2
Medium >0 mgcm?d’ <10 mgcm?d” 7
Long >0mgcm?d’ <5mgcm?d’ 20
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Barrow Island Dredging Program

Turbid plume state at : 0: 0 on 10 October 2000
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Figure 7.1: Sample TSS plot during dredging of the MOF by the CSD showing the flushing
of turbidity around the northern end of Barrow Island.
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Barrow Island Dredging Program

Turbid plume state at : 0: 0 on 17 December 2001
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Figure 7.2: Sample TSS plot during dredging of the LNG access channel by the CSD in
summer showing the effect of southwesterly winds.
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Figure 7.3  Mortality zones derived from sedimentation data for the “Base” case.
Level 1(red) = high impact,
Level 2 (orange) = moderate impact,
Level 3 (blue) = extent of sedimentation (2 mg/cm?).
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Figure 7.4: Mortality zones derived from TSS data for the “Base” case.
Level 1 (red) = high impact,
Level 2 (orange) = moderate impact,
Level 3 (blue) = visible plume (exposure above 2mg/litre).
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= Zone of High Impact
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= Vigual Plume
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—— Feed Gas Pipeline (North White's Beach Option)
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Figure 7.5 Mortality zones derived from sedimentation data for the “Base” case with the
UKC of the THSD controlled to 4 metres.
Level 1(red) = high impact,
Level 2 (orange) = moderate impact,
Level 3 (blue) = extent of sedimentation (1 mg/cm?).
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Figure 7.6  Mortality zones derived from TSS data for the “Base” case with the UKC of the

THSD controlled to 4 metres.

Level 1 (red) = high impact,

Level 2 (orange) = moderate impact,

Level 3 (blue) = visible plume (exposure above 2mg/litre)..
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1 Introduction

Chevron is proposing to construct feed gas pipelines and associated umbilicals from the Gorgon
field, which is located to the north-west of Barrow Island, to a gas processing facility on the east
coast of the island. The pipelines must be securely anchored to the seabed in the shallow waters
approaching the island and at the shore crossing. While there are a number of alternative
technologies that could be applied to anchoring of the pipeline, these vary in their logistical,
environmental, and economic implications. A previous modelling study compared the
sedimentation associated with dredging of a trench for burying the pipeline and directional drilling
of conduits from the shoreline (APASA 2005a). While this study indicated that dredging would
result in higher turbidity and burial of a larger area of seabed than directional drilling, the study
raised concerns about the concentrations of bentonite clay that could accumulate on the local
seabed if large quantities of this material, which is a weighting/lubricating agent, was discharged
into the near-shore waters during directional drilling.

This report provides a further investigation of the outcomes of directional drilling, following
development of alternative directional drilling programs, including investigation of alternative
drilling fluids. In this study, modelling was undertaken to quantify and compare the sedimentation
patterns that would be generated using either:

1. Bentonite clay, or

2. Water soluble polymer.

Two pipeline routes are under consideration. One route would be drilled from Flacourt Bay with
the conduit breaking through to the sea approximately 1200m off the coast of Barrow Island. The
alternative route would be from North White’s Beach, in which case a shorter conduit length
(approximately 600 m) would be required.

A common drilling plan was specified in each case, following a program specified by Chevron. This
involved drilling multiple conduits as 10 separate drilling operations, each lasting approximately 1
week and with a break between each drilling operation of about 7-10 days. Thus, there would be 10
separate periods of continuous discharge separated by 7-10 days of nil discharge over a period of
approximately 6 months. Chevron specified that this drilling would be carried out over June to
December, based on other logistical and environmental considerations.

A sediment fates model (DREDGEMAP) was applied to represent the multiple discharges
specified in the drilling program. Each simulation was carried out using unique samples of current
data simulated for the June to December drilling window using a hydrodynamic circulation model
(HYDROMAP). In this way, the modelling accounted for the seasonal and episodic variation in
currents affecting the proposed discharge sites.
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Fl.3a2 Imd
Surf

Figure 1: Study area showing the two alternative routes proposed for the Gorgon supply
gas pipeline and location of fringing reefs (dark green), high diversity corals (red) and
proposed marine park boundary (orange line). Inset shows the wider study area.
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2 Hydrodynamic Circulation

Modelling of hydrodynamic circulation over the region was carried out using the three-dimensional
hydrodynamic model, HYDROMAP, which has been validated for the study area (APASA 2005b).
Full details of the model set-up are described in previous reports (APASA 2005 a, b). In brief, the
model was operated in three-dimensional mode over a grid that extended 50 km west and 80 km
east of Barrow Island. The grid resolution (i.e. gtid size) was varied horizontally to focus upon the
waters immediately surrounding Barrow Island. The grid had a horizontal resolution of 248 m
along the west coast of Barrow Island. The model produced current data for 7 vertical layers.

The model was applied to predict circulation from wind and tidal effects. Because the drilling
program is proposed for June to December, and thus spanning the winter, spring and summer
seasons on the North West Shelf, the modelling approach was to apply HYDROMARP to produce
a series of simulations, each spanning one week, using samples of archived wind data for these
seasons. Care was taken to ensure that the simulations reflected the inter-annual and episodic
variation in circulation over this period. This was achieved by randomly selecting weekly samples
of wind data from each month spanning June to December. Data were available for this purpose
from an 11 year long (1989-1998) record of houtly wind data from Barrow island. The model was
then applied to produce week-long samples of circulations using the randomly selected samples of
wind data and tidal conditions hind-cast for the corresponding time and date of the wind data.

3  Sediment Discharge Modelling

Sediment discharges associated with the alternative drilling fluids and pipeline routes were
simulated using a three-dimensional sedimentation model, DREDGEMAP. This model estimates
the transport, sinking and settlement of mixed particle-sized sediments suspended by dredging or
discharges to calculate concentrations of suspended solids within the water column and rates of
sedimentation to the seabed. Generic details of this model have been described in a previous report
(APASA 2005a).

DREDGEMAP was applied to quantify the time-evolving concentrations of suspended sediments
and sedimentation patterns generated by four configurations of drilling-fluid type (bentonite clay or
water-soluble polymer) and discharge location (Flacourt Bay or North White’s Beach).

Chevron defined an average discharge rate of 5.95 m3 hr! (inclusive of fluids and sediments). This
rate was used to define the quantity of drilling fluid that would be discharged per drilling operation,
taking account of the conduit lengths required at each site (Table 1). Conduits required for Flacourt
Bay (1200 m) would be twice the length of those required at North White’s Beach (600 m). Thus it
was assumed that each discharge would last for 10 days at Flacourt Bay and 5 days at North
White’s Beach for the same discharge rate. For the case where bentonite clay was added to the
drilling fluid, an average dosing rate of 60 kg/m3 was specified. Thus, based on the average fluid
discharge rate, bentonite solids would be discharged at an average rate of 3,571.4 kg/hr. For the
case where water-based polymer was used, the drilling fluid was assumed to add no solids to the
discharge.
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The discharge was assumed to contain cuttings removed from the conduits. Chevron specified that
there would be eight conduits required and that these would range in size. There would be a
requirement for two each of a 4 inch, 8 inch, 30 inch and 90 inch conduit. These diameters and the
conduit lengths required for each site were used to calculate the total volume of cuttings that would
be produced at each site. It was assumed that 75% of this volume would be discharged. These
estimates yielded an average dischatge rate for cuttings of 24.75 m?/hour, which translates to an
average discharge of 66.83 kg/hr based on the density of the principal rock type (Trealla
Limestone). These rates were then used to estimate the total mass of sediments that would be
discharged for each combination of drilling fluid type and discharge location (Table 1).

DREDGEMAP required specification of the size distribution of solids that would be discharged.
Five major size classes were specified, ranging from clay to coarse sand and larger particles.
Cuttings were assumed to principally consist of clay to silt-sized particles (85% by mass, Table 2),
due to the requirement to cut through the relatively hard Trealla Limestone. Bentonite was
assumed to consist of clay sized particles. Table 2 summarises the combined size distributions that
were calculated for each discharge type.

DREDGEMAP was used to simulate 10 independent discharges of each combination of discharge
type and location (40 simulations in total) using the hydrodynamic data described in Section 2. The
model produced estimates for the above-background concentration of suspended sediments (mg 1-
1) within each depth layer of each grid cell of the model at hourly intervals. These estimates were
used to identify locations where instantaneous concentrations were expected to exceed defined
thresholds. Because the frequency and duration of exposure are more indicative of the potential for
impacts on local biota, outputs were further processed to identify locations where threshold
concentrations were exceeded more chronically. Exceedance of a suspended solid concentration of
25 mg I at least once per day for five consecutive days was treated as indicative of a high
probability of mortality to corals based on a review by RPS-BBG of available information on the
impacts of suspended solids on corals.

DREDGEMAP also calculated the total sedimentation (i.e. mass settling onto the seabed, as

mg cm?) and sedimentation rates (mg cm2d!) within each grid cell from each period of discharge.
Data for total sedimentation from each of the 10 discharges of a particular site and drilling fluid
type were further analysed to produce an estimate of the cumulative sedimentation from the full
drilling program. For these calculations, it was assumed that sediments did not subsequently
resuspended and drift between consecutive discharges. It is noted that estimates for cumulative
sedimentation would be conservative (i.c. overestimated) if resuspension and transport of
sediments are significant. This would be particularly true for locations that initially receive highest
concentrations from the initial discharges. Conversely, results are likely to underestimate the total
area that could be affected by low levels of sedimentation due to subsequent resuspension and drift
of sediments over longer time frames.
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Table 1: Assumed Discharge Rates for Each Discharge Type and Site

Bentonite Water-soluble polymer
Parameter North White’s | Flacourt Bay | North White’s | Flacourt Bay
Beach (1200 m Beach (1200 m
(600 m conduits) (600 m conduits)
conduits) conduits)
Bentonite
Discharge rate 3571 3571 0 0
(kg/hr)
Cuttings Discharge
te (kg/h
rate (kg/hr) 67 67 67 67
Total solids
discharge rate 3638 3638 67 67
(kg/hr)
Mass per discharge
k
(ke) 436,590 873,181 8,019 16,038
Mass per 10
discharges (T)
4,366 8,732 80 160

Table 2: Assumed Size Distribution of Sediments within Discharges Produced by Drilling with

Bentonite or Water-based Polymer

Bentonite Water-soluble polymer
Size class Discharge % by mass Discharge % by mass

mass rate mass rate

(kg/hr) (kg/hr)
Clay 3591.05 98.7 20.05 30
Fine silt 26.73 0.7 26.73 40
Coarse silt 10.02 0.3 10.02 15
Fine sand 6.68 0.2 6.68 10
Coarse sand or 3.34 0.1 3.34 5

larger
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4  Results

4.1 Suspended Sediment Concentrations

Simulations indicated that sediments suspended by discharging from the conduits would tend to
drift southwards from the Flacourt Bay site and northwards from the North White’s Beach site
(Figure 2 and 3), reflecting the strong influence of tidal currents on local hydrodynamic flows.
Analysis of the vertical and horizontal distributions of discharged material by particle-class
indicated that coarser cuttings material will tend to settle locally (< 1 km) to the discharge sites, but
clay (contributed by bentonite) and fine silt (generated by rock drilling) would remain suspended in
the lower water column for extended periods of time (days). Current speeds are predicted to be too
high to allow faster settlement of these fine particles.

If bentonite is discharged from Flacourt Bay, elevated levels (> 1 mg/1 above background) of
suspended sediments are expected to potentially extend beyond Boodie Island at times. Locations
as far south as Middle Island are expected to expetience instantaneous concentrations > 25 mg/1.
There were relatively minor differences in the potential zone of influence predicted from
simulations using currents predicted for June through to December, indicating that the tidal
currents predominate. Onshore winds typical of summer tended to result in material drifting closer
to the coast compared to winter, when offshore winds are more common. Instantaneous
concentrations of bentonite at > 250 mg/1 where predicted to occur up to 8 km south of the
Flacourt Bay discharge site at any time from winter to summer. Biggada Reef was predicted to
expetience instantaneous concentrations exceeding 300 mg/1 during all simulations of discharge
from this site.

Simulations of bentonite discharge from the North White’s Beach site indicated that elevated
concentrations of bentonite (at up to 150 mg/1) would consistently occur around the North end of
Barrow Island. Bentonite particles were predicted to migrate northwards and to become trapped
within the strong tidal currents that operate in this area, although some bentonite is also expected
to drift southward along the coast under winter conditions. Figure 4 shows predictions for the
plume that could be generated by discharge at North White’s Beach at hourly steps. Results show
that material is likely to be transported clockwise around the northern end of Barrow Island on a
flooding tide, but will tend to migrate directly westward on an ebbing tide. Consequently,
sediments are not expected to migrate back towards the discharge site. Reversal of the strong tidal
flows around the north end of the Barrow Island were also predicted to result in a concentration of
the suspended plume at the change of each tide (e.g. see steps C to D in Figure 4).

Analysis of the time-varying concentrations expected over given locations (Figures 5-8) indicated
that movement of the plume is likely to result in repeated episodes of relatively short-term
exposure, rather than chronic exposure. Typical return periods between exposure to elevated
concentrations varied from location to location and with the discharge site. In general, locations
along the west coast are expected to have shorter return periods (i.e. more chronic exposure)
because tidal migrations are shorter along this coast. In contrast, locations off the north-east coast
of Barrow Island are only expected to experience elevated concentrations twice per day at the top
of each tide (i.e. at the end of each flood).

Table 3 lists the criteria that were specified by RPS-BBG as indicative of impacts of sedimentation
and suspended sediment on corals, based on a review of the available literature. The criteria for
suspended sediments relate to impacts through suppression of light levels and thus consider
exposure during daylight hours only. Based on these criteria, discharge of bentonite at North
White’s Beach would be expected to cause total mortality only to corals in the immediate vicinity
(within < 200 m) of the discharge. Partial mortality would be expected over a 3 km long strip
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extending south of the discharge and the zone of influence would extend from approximately 4 km
south of the discharge to the north-east corner of Barrow Island (Figure 9).

Table 3: Criteria Used to Judge the Significance of Suspended Sediment Concentrations

Effect Time frame Concentration Rate of occurrence | Consecutive
days

Total coral mortality | Short >25 mg I > 6 hours per 5
daylight period*

Partial coral mortality | Short >25 mg I > 6 hours per 2
daylight period*

Zone of Influence Short >1 mg 1! > 1 hour at any time 1

(no mortality)

*6am to 6 pm

It should be noted that bentonite may cause other impacts beyond reduction of light levels, such as
interference with feeding or smothering of polyps, and thus the threshold concentrations and
consideration of day-time exposure only may not be appropriate to judge potential impacts on
corals. The time-series results showing expected changes in suspended solid concentrations over
time (e.g. Figures 6 and 8) would be more appropriate in this case.

Discharge simulations assuming that cuttings are released with a water-based polymer indicated a
much reduced zone of potential influence by suspended sediments in comparison to the bentonite
case (Figures 10 and 11). Suspended solid concentrations were not expected to exceed 25 mg/1
beyond the immediate location of each discharge and concentrations > 1 mg/1 suspended
sediments were only expected to occur within 2-3 km. Plumes with > 1 mg/1 were predicted to
only cover an average area of 0.05 km? at any given point in time (compared to 5 km? with
bentonite). Similarly, concentrations of suspended sediments expected over time at any location
were two orders of magnitude lower where bentonite was not discharged. This effect is illustrated
in Figure 11 for a location on Biggada Reef, given discharge at Flacourt Bay under identical
conditions with and without bentonite. Based on the criteria given in Table 3, partial or total coral
mortality would not be expected for any location beyond the immediate discharge.

Suspended sediment concentrations quoted here were based on multiple simulations under
different conditions and assumed that there were no background concentrations of suspended
sediments generated by previous discharges. Tests for overlap between simulations, by running
simulations for up to 15 days beyond the end of discharge indicated that some bentonite could still
remain suspended within the study area after 7-10 days, but cuttings sediments were not expected
to remain suspended for more than five days. These results indicate the potential for compounding
of the suspended sediment concentrations for bentonite from one discharge to the next. It should
also be noted that modelling assumed that sediments did not resuspend after settling. However, as
the west coast of Barrow Island is subject to wave action, there is also the potential for
compounding of the suspended sediment loads by fine sediments that have been resuspended by
wave action. Studies by Environment Canada indicate that bentonite can be readily resuspended
into the benthic layer by wave action, but the material then sinks when waves dissipate (Milligan ez.
al. 1996).

4.2 Sedimentation

Calculation of cumulative sedimentation, based on combining the sedimentation resulting from
each of the ten independent discharges for each combination of site and discharge type and
assuming that there is no resuspension and redistribution of sediments between each period of
discharge, indicated that a significantly larger area of seabed would be impacted if bentonite was

Appendix B6 Gorgon Assessment of HDD 9Aug052.doc 12



Gorgon Development Assessment of Directional Drilling

used as the drilling fluid (Figure 12 to 15). Bentonite discharged at Flacourt Bay was predicted to
settle along the full extent of the Barrow Island coast from Boodie Island to the north-eastern
corner of Barrow Island (Figure 12). Concentrations within Flacourt Bay were predicted to exceed
12 kg/m? near the discharge and concentrations > 1 kg/m? are expected to extend up to 3 km to
the north and south of the discharge site. Concentrations > 10 kg/ m? are predicted to accumulate
on Biggada Reef. In contrast, a much reduced sediment pile was predicted for discharge of cuttings
with polymer (Figure 13). Concentrations were predicted to peak at approximately 500 g/m?
around the discharge and at < 150 g/m? on Biggada Reef.

Discharge from North White’s Beach is expected to result in sedimentation over the tidal channel
around the north end of Barrow Island (Figure 14). A more even spread of sediments with lower
peak concentrations were predicted for discharge at this site due to the higher current speeds to the
north. Peak concentrations were predicted to occur on the reefs and channel edges along the tidal
path. Discharge with bentonite was predicted to result in peak concentrations at up to 10 kg/m?
adjacent to the discharge point and up to 5 kg/m? on some of the reefs. In contrast, discharge with
polymer is expected to generate peak sedimentation of < 250 g/m? at the discharge point and <
100 g/m? on reefs along the tidal path (Figure 15).

Results indicate that a continuous layer of sediments would be expected on the seabed within an
elliptical area surrounding the discharges. The area was predicted to be considerably larger for
bentonite discharge compared to polymer-based discharge. As stated, these results assume no re-
suspension of sediments. If resuspension is an important process, then resuspended sediments
would be subject to the tidally-dominated currents acting over the study area and thus, over the
shorter-term, would be expected to redistribute within the same area of effect predicted for first
settlement. Consequently, resuspension is likely to result in a more even distribution of sediments
rather than an increase in the field of effect. Thus, results presented here would tend to
overestimate the near-field concentrations but under-estimate the far-field concentrations.
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Figure 5: Maximum instantaneous concentrations of suspended solids predicted for
locations surrounding the North White’s Beach discharge site (shown by the white
marker), given a 5 day discharge of bentonite and cuttings (simulation period of 8 days).
Site markers relate to details shown in Figure 6.
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Figure 12: Contour plots showing the cumulative sedimentation predicted for discharge
of bentonite and cuttings off Flacourt Bay, assuming no re-distribution of sediments
after initial settlement.
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Figure 13: Contour plots showing the cumulative sedimentation predicted for discharge
of polymer and cuttings off Flacourt Bay, assuming no re-distribution of sediments after
initial settlement.

Appendix B6 Gorgon Assessment of HDD 9Aug052.doc 25



Gorgon Development Assessment of Directional Drilling

-20.55
-20.6
-20.65-
-20.7
16000
8000
-20.75 = 4000
f 2000
\
| 1000
208 | 500
115.3 115.35 1154 115.45 115.5 115.55
450
400
350
250
200
-20.68—+ 150
100
50
-20.7 1
-20.72—-

115.4 115.42 115.44 115.46 115.48

Figure 14: Contour plots showing the cumulative sedimentation predicted for discharge
of bentonite and cuttings off North White’s Beach, assuming no re-distribution of
sediments after initial settlement.
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Figure 15: Contour plots showing the cumulative sedimentation predicted for discharge
of polymer and cuttings off North White’s Beach, assuming no re-distribution of
sediments after initial settlement.
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Summary

A total of 68 families, 180 genera and 406 vascular plant taxa have been recorded on
Barrow Island (Attachment A). The total of 406 vascular plant species, subspecies and
varieties constitutes approximately 23 per cent of the flora recorded for the Pilbara
region. Fourteen vascular plant species have been introduced to the Island, the majority
of which have been recorded in the vicinity of previously disturbed sites.

No Declared Rare Flora species, as listed under subsection (2) of Section 23F of the
Western Australian Wildlife Conservation Act 1950 and as listed by the Department of
Conservation and Land Management (2003a, 2004a), have been found on Barrow Island.
Two Priority species have been collected on Barrow Island: Helichrysum: oligochaetum:
(Priority 1) and Corchorus interstans ms (Priority 3).

The Priority 1 species Helichrysunm: oligochaetunm is known to occur on Barrow Island and
was searched for during post cyclonic rain surveys (April and May 2004) to check for
potential presence on the proposed development site. Corchorus interstans ms (Priority 3)
was recorded within the proposed gas processing plant site and the proposed North
White’s Beach pipeline. Corchorus interstans ms is widely distributed on parts of the Island
and the mainland and ‘has also been observed to regenerate successfully on rehabilitated
sites’ (Astron Environmental 2002).

No vegetation communities listed under The Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 have been recorded or are known to occur on Barrow
Island. No threatened ecological community as listed by CALLM’s Threatened Ecological
Database (2003c) has been recorded or is known to occur on Barrow Island.

Barrow Island’s vegetation has been previously classified by Buckley (1983) into eight
major vegetation units. They were subsequently divided into 34 vegetation types based
on major landforms, soil types and species composition by Mattiske (1993b). In recent,
more detailed mapping of the vegetation on the proposed development area and
associated infrastructure corridors, 83 vegetation communities (Attachment B and
Attachment C) were defined and mapped within the proposed gas processing facility and
wider study area and the proposed pipeline routes.

Flora and vegetation communities, especially those of particular significance located
within the proposed development area, are discussed in this technical appendix to the
ERMP for the Gorgon Gas Development.
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1 Introduction

Barrow Island is approximately 70 km off the coast of Western Australia and falls within
the Fortescue Botanical District, which itself is a component of the Eremaean Botanical
Province (Beard 1980). Climate, landforms and soils determine the distribution of
vegetation and plant communities within the Fortescue Botanical District (Beard 1975,
Beard 1990).

Barrow Island consists primarily of an undulating limestone plateau (Beard 1975). The
southern end of the island is low lying and sandy with Quaternary beach sands and sandy
bays. The central part of the island consists of many small limestone ridges and slopes.
The northern and eastern sides of the island consist of low cliffs with intervening sandy
flats and bays. The western side of the island is more exposed and consists of deeper
drainage valleys within the limestone plateau and sandy beaches and narrow near-coastal
dune systems.

This report details the findings of a series of vegetation surveys of the proposed gas
processing facility and surrounding areas on the eastern side of the island (Figure 2-1)
and of three proposed pipeline routes, which extend to the western and northern
boundaries of Barrow Island (Figure 3-1 to 5-2), as detailed below:

e the proposed CO, reinjection pipeline deviates north from the proposed feed gas
pipeline and runs north to Cape Dupuy (Figure 3-1 to 3-6) #his option has since been
dropped from Development plan,

o the proposed feed gas pipeline route runs from a northerly point on the proposed
CO, reinjection line north-west to North White’s Beach (Figure 5-1 and 5-2).

o an alternative feed gas pipeline route runs from the east side of the island close to the
‘Terminal Tanks’, west to Flacourt Bay (Figure 4-1 to 4-4) ,

The methodology for the above surveys is detailed in Section 2.2. The findings of a
preliminary vegetation survey of the proposed pipeline corridor on the mainland on
Mardie Station are also discussed in this report.

This appendix is a stand alone document as per EPA Guidance No. 51. A summary of
the report is included in the ERMP document.

2 Methods
2.1 Historical Data

A series of vegetation and flora studies have been undertaken on Barrow Island since the
1960’s (Butler (1970), Buckley (1983), West Australian Petroleum Pty Ltd (1988),
Mattiske and Associates (1993a, 1993b) and Astron (2002)).

Many available species lists from the series of studies undertaken on Barrow Island
(Attachment F) were merged and the names checked against those currently accepted by
the Western Australian Herbarium using the MAX database and the Department of
Conservation and Land Management’s (2003b, 2004b) FloraBase and in consultation
with other experienced botanists working on the island including Vicki Long, Arthur
Weston and Libby Mattiske. Peer review of the species lists for the technical report were
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undertaken by Vicki Long and review of the technical report was undertaken by Arthur
Weston as per EPA Guidance No. 51.

The amalgamated list, including historical synonyms was used by the team to assist in
facilitating plant identifications and to identify gaps in existing collections.

While undertaking a review of the amalgamated species list for the island, substantial
changes in identifications and in taxonomic nomenclature were noted.

2.2 Field Program

The initial botanical surveys conducted for the proposed Gorgon development areas
were undertaken by botanists with significant survey experience, as per EPA Guidance
No. 51. The botanical team consisted of a team of eight botanists with vast collective
botanical survey experience. Members of the team have been coordinating and
participating in botanical surveys in excess of 5 years for most individuals and more than
10 and 30 years botanical survey experience for others. The botanical team contained
individuals with significant botanical experience, including significant experience in the
Pilbara region. Members of the original survey team were used for all subsequent
botanical surveys for the project.

2.2.1 Proposed Gas Processing Facility Site

The wider study area for this study is located on the eastern side of the island,
approximately halfway between the northern and southern ends of the island (Figure
2-1). It covers a rectangular area of approximately 1683 ha and is bound on the eastern
side by the island’s coast. The proposed gas processing facility falls within the eastern
side of this area and covers approximately 134 ha.

The field program was designed in consultation with CALLM to ensure consistency with
other regional studies and databases.

Plots were selected to represent undisturbed vegetation within the proposed
development area and surrounding areas. Areas of previous disturbance, for example by
seismic lines or clearing, were avoided. The plots were selected on the basis on aerial
photography, GIS information and field observations.

In September and October 2003, fifty six 50 m x 50 m plots, each divided into 10 m x

10 m quadrats were established within the proposed gas processing facility site and wider
study area. Gaps in representation of vegetation communities within the wider study area
were identified through preliminary analysis and a further fifteen plots were established in
the area in January 2004. This resulted in a total of seventy two plots.

The data collected in the January 2004 survey were collected in an identical manner to
the September and October 2003 surveys, by members of the original field team to
ensure continuity in the datasets.

Physical limitations precluded establishing 50 m x 50 m square plots in some
communities. In small or linear communities (e.g. coastal, dunes, creeks), the plots
consisted of abutting and continuous 10 m x 10 m quadrats within the community
boundary, with as many quadrats as possible (up to 25).
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The establishment of 10 m x 10 m quadrats allowed comparison with previously
established 20 m x 20 m plots on the island (Mattiske 1993b) and with data collected by
Trudgen (1989).

Two post-cyclonic rain surveys of the proposed development area were undertaken in
April and May 2004, approximately six to eight weeks after Cyclone Monty passed over
Barrow Island. Two post-cyclonic rain surveys were undertaken in accordance with EPA
Guidance No. 51, in order to complement the initial survey which was undertaken after a
long dry period. The first post-cyclonic rain survey focussed primarily on collection of
annual grass species and the second on general annual species that may have germinated
as a result of the recent rains. The 50 m x 50 m vegetation plots established within the
proposed gas processing facility were reassessed as part of the post-cyclonic rain surveys.

In each 10 m x 10 m quadrat the percentage foliage cover was recorded, instead of
numbers of individuals, due to difficulties in accurately counting T7/odia hummocks.

Flora of interest that occurred outside the recording sites was noted during the field
surveys.

2.2.2 Proposed Pipeline Routes

A continuous transect, at least twice the width of the proposed pipeline easement, was
surveyed for the three proposed pipeline routes:

o the feed gas pipeline from Flacourt Bay to the gas processing facility,

o the alternate feed gas pipeline from North White’s Beach to the proposed gas
processing facility and,

e the proposed CO, reinjection pipeline from the proposed gas processing facility to
Cape Dupuy.

The entire length of each of the proposed pipeline routes (Figure 3-1 to Figure 5-2) was
surveyed on foot, with either a new site recorded with every change in vegetation or
notes taken with reference to the recurrence of a previously observed community.

Percentage foliage cover and height range of each species were recorded and
photographs and GPS locations were taken at the Northwest corner at each site.

2.3 Plant Identifications

All plant specimens were processed (pressed and dried) on site and then returned to
Perth for identification.

Plant specimens were identified by experienced botanists and all specimens were
compared with plant collections at the Western Australian Herbarium. Some plant
identifications required further specialist input. Corchorus specimens were sent to

Dr David Halford at the Queensland Herbarium for identification. Acacia specimens
were confirmed by Dr Bruce Maslin of the Western Australian Herbarium and specimens
of Chenopodiaceae were identified by Dr Paul Wilson of the Western Australian Herbarium.

Liaison with the Western Australian Herbarium was undertaken as per EPA Guidance
No. 51 and specimens collected as part of the surveys on Barrow Island will be
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submitted for mounting, and will be included in the Western Australian Herbarium and
Karratha regional herbarium collections.

2.4 Data Analyses

The data were loaded into a proprietary SQL-compliant database. All taxon names were
corrected against the names in the most recent CALM census.

Basic statistics of the percentage cover observations were calculated using the SYSTAT
statistical software package. These included means, ranges and medians. Histograms of
each taxon were prepared in order to check statistical distributions of the taxa. Box and
whisker plots were produced for each taxon in order to identify any outliers in the data
set. These outliers were then rechecked for validity against the field sheets, and corrected
as necessary.

PATN software was used to analyse both the data recorded in the vegetation plots within
the proposed gas processing facility plant area and a merged data set which included
previous survey data. Initial data analyses were undertaken on presence/absence,
percentage live foliage cover and total percentage foliage cover, by plot and by individual
quadrat.

Hierarchical clustering was undertaken using two principal association measures, Bray
and Curtis and Cosine (or Ochiai). Hierarchical fusion clustering was undertaken using a
number of strategies. Nearest Neighbour, Furthest Neighbour, Flexible WPGMA
(weighted pair group arithmetic averaging), Flexible UPGMA (unweighted pair group
arithmetic averaging) using beta = -0.1, UPGMC (unweighted pair group centroid) and
WPGMC (weighted pair group centroid) were evaluated.

Dendrograms were produced for each combination of association measure and clustering
strategy. A TWINSPAN run was undertaken using the plot data. All of the clustering was
undertaken on both plots and quadrats (Q mode). Some R mode clustering was
investigated on taxa.

Outputs were then compared and interpreted in relation to other data, notes and aerial
photographs.

2.5 Vegetation Mapping
2.5.1 Proposed Gas Processing Facility Development and Wider Study Areas

Vegetation within the proposed gas processing facility development and wider study
areas (Figure 2-1) was mapped from detailed observations, aerial photograph
interpretation and data from the detailed recording sites.

Vegetation along the proposed pipeline options was mapped from detailed site
observations, aerial photograph interpretation and plant specimen collections. Plots were
not established along the proposed pipeline routes and therefore statistical and cluster
analyses of the proposed pipeline routes were not undertaken for this area of the study.

Barrow Island was classified into eight major vegetation units by Buckley (1983). These
were subsequently refined and mapped as 34 vegetation types, based on major landforms,
soil type and species composition, by Mattiske and Associates (1993b) (Figure 6-1 to
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Figure 6-2). The Mattiske mapping units were based on vegetation components, as
follows:

M Marine — 1 vegetation type

T Tidal — 2 vegetation types

C Coastal Complex and Dunes Systems — 7 vegetations types
D Drainage lines and creecks — 3 vegetation types

F Flats — 7 vegetation types,

L Limestone Ridges and Slopes — 10 vegetation types,
S Clay Pans — 2 vegetation types,
\Y Valley Slopes and Escarpment Slopes — 2 vegetation types.

Trudgen’s (2002) adaptation of Aplin’s (1979) modification of Specht’s (1970) vegetation
classification system was used in order to allow cover of species with less than two per
cent cover to be considered. This system allows for the ‘low cover of many strata in the
vegetation of more arid areas’ (Trudgen 2002). Species with greater than 0.5 percent
cover were included in vegetation descriptions for this study.

Vegetation communities were mapped in accordance with EPA Guidance No.
51.Vegetation communities for the proposed gas processing facility and wider study area
were described on the basis of the relationships between plots in the cluster analysis,
tables of alive and dead species, covers and original field plot community descriptions,
and Trudgen’s (2002) vegetation classification system. The term ‘tall’ is substituted for
‘high’ in vegetation descriptions in this report.

2.6 Limitations

The initial surveys followed a significant period without substantial rains and
consequently, the full floral diversity, of annual species in particular, would have been
underestimated. Further surveys undertaken after cyclonic rain improved the
representation of ephemeral flora. However it is assumed that additional species would
be found after several ‘good’ seasons.

Although plots were established extensively within the proposed gas processing facility
area and the wider surrounding study area, it was not logistically possible to establish
plots for analysis of vegetation over the whole island. For this reason, analysis was
undertaken using data from vegetation plots established in the current survey and that
from plots established previously on the island to assist in the assessment of
representation of vegetation on the island. Some temporal variation in vegetation would
be introduced by using data from different years. This may reduce the accuracy of our
assessment of representation of vegetation communities on the island.
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3 Flora
3.1 Barrow Island

The Eremaean nature of the flora on Barrow Island is demonstrated by the dominance
of families such as Poaceae (grasses), Chenopodiaceae (chenopods), Papilionaceae (peas),
Malvaceae and Asteraceae (daisies). The dominant flora, namely Triodia and Acacia, are
typically Eremaean (Mattiske 1997).

The Department of Conservation and Land Management (2004a, 2004b) currently has
1733 recotrds of flora taxa for the Pilbara region, which covers about 178 017 km?.

The flora of Barrow Island is typical of the arid Pilbara region but has floral affinities
with the Cape Range area on the mainland (Trudgen 1989; Mattiske Consulting 1997),
particulatly in coastal areas, and with the Pilbara and Kimberley regions for other flora
(Table 3-2).

Trudgen (1989) based the similarities between the vegetation of Cape Range and Barrow
Island on the dominance of Melalenca with Triodia hummock grasses and the presence of
selected species such as Acanthocarpus verticillatus, Lechenanltia divaricata, Olearia sp. and
Scaevola crassifolia. The Lechenanltia sp. highlighted by Trudgen (1989) may correspond to
an unidentified Lechenanltia sp. on Barrow Island (Attachment F).

These floral linkages reflect the diversity of the environments on Barrow Island, as well
as the past linkages to the mainland.

A total of 68 families, 180 genera and 406 vascular plant taxa have been recorded on
Barrow Island (Attachment A). The flora includes 250 perennial species, 75 annual
species and 81 species which are considered to be annual or perennial species
(Attachment A and Attachment F). The Barrow Island flora constitutes approximately 23
per cent of the flora records for the Pilbara region. Fourteen vascular plant taxa have
been introduced to the island, the majority of which have been recorded in the vicinity of
previously disturbed sites.

Table 3-1 (below) summarises the number of vascular plant taxa recorded from the
various studies that have been undertaken on Barrow Island, as shown in full in
Attachment F.
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Table 3-1 — Number of Vascular Plant Taxa on Barrow Island

Data Source No. of Vascular Plant Taxa
Barrow Island records 201
Western Australian Herbarium ” 199
Karratha Herbarium * 124
Buckley and Butler " (Buckley 1980) 215
Lewis and Grierson "(1989) 56
M.E. Trudgen (1989) 09
Mattiske & Associates (1993a) 76
Mattiske & Associates (1993b) 166
Astron Environmental (2002, 2004) 213
RPS Bowman Bishaw Gorham (2003, 2004) 164
Pilbara Region — CALM Florabase (2004b) 1733
Current Barrow Island Flora Tally 406

Note: © Many voucher plant specimens were not relocated — totals are an overestimate of potential
numbers.

It is estimated that at least 90 per cent of the total vascular plant flora of the island has
been documented through these studies. Approximately 20 to 30 per cent of the species
on the island would occur only after cyclonic rain or as ephemerals after fires.

Table 3-2 summarises the geographical spread of species recorded on Barrow Island. The
table is expanded further in Attachment A.

Table 3-2 — Geographical Affinities of Species and Taxa Recorded on Barrow
Island with Other Parts of the Region

Regional Distribution Number of Species/Taxa
Potentially restricted to Barrow Island (section 3.2) 17
Kimbertley 122
Pilbara 193
Cape Range and southern districts 50
Widespread (multiple botanical districts) 115

The flora of Barrow Island is regionally significant because there are species or taxa that:

e appear to be restricted to the island
o represent the southern limit of plants of the Kimberley region
o represent the western limit of plants of the Pilbara region

« represent the northern limit of the plants of Cape Range and southwards.
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3.11 Rare and Priority Flora

No protected plant taxa listed under Section 179 of the EPBC Act and no Declared Rare
Flora species, listed under subsection (2) of Section 23F of the Wildlife Conservation Act or

listed by CALM (2004a) were located during surveys on Barrow Island.

Two Priority Flora species have been collected on Barrow Island:

o Helichrysum oligochaetum (Priority One), and

o Corchorus interstans ms (Priority Three).

Helichrysum oligochaetum was recorded on the flats south of the proposed gas processing
facility and north of the current ChevronTexaco camp (Mattiske & Associates 1993b).
This species is only known from six records at the Western Australian Herbarium and
was not found within the proposed gas processing facility footprint or proposed pipeline
routes during the initial or post cyclonic rain surveys.

Corchorus interstans ms is represented by only four collections in the Western Australian
Herbarium but is widespread on Barrow Island and known to extend into the Pilbara
region. It was recorded in 18 of the 24 vegetation communities defined in the wider
study area, in eight of the nine communities located within the proposed gas processing
facility area, along the Flacourt Bay feedgas pipeline route and on the proposed CO,
reinjection line (Attachment G and Attachment H). The Herbarium collection will be
supplemented by collections from the current study.

Specimens collected on the proposed pipeline routes which were potentially Corchorus
interstans ms were recently identified as Corchorus congener, Corchorus ?congener, Corchorus
walcottii and Corchorus sp. Further collection of Corchorus specimens along the proposed
pipeline routes would be required to confirm the identification of the Corchorus sp.
collections and to determine the potential distribution of Corchorus interstans ms along

these routes.

3.1.2 Restricted Flora

The plant species listed in Table 3-3 are considered to have restricted distributions. They
either have a limited distribution on Barrow Island or occur as range extensions from
other botanical regions in Western Australia.

Table 3-3 — Restricted Flora on Barrow Island and their Presence in the Gorgon
Development Areas

Taxa

Regional Range and Barrow Island
Occurrence

Present in Proposed Gorgon
Development Area

Acacia cowleana

Appears to extend from Barrow
Island to the Kimbertley region.
Restricted to one small population on
the island.

This species was not located in the
proposed development areas.

Acacia inaequilatera
(dwarf form)

This variant is restricted to the south-
west corner of the island and differs
from the mainland variant.

This variant was not located in the
proposed development areas.
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Taxa

Regional Range and Barrow Island
Occurrence

Present in Proposed Gorgon
Development Area

Acacia synchronicia

Is very restricted on Barrow Island
but appears to be widespread in
mainland areas.

This species was not located in the
proposed development areas, but
occurs to the north and northeast of
the existing airstrip.

Cassytha capillaris

This creeper extends from Barrow
Island to the Kimberley and Pilbara
regions.

This species was not located in the
proposed development areas.

Cullen patens (formerly
known as Psoralea patens)

Extends from Barrow Island to the
Pilbara and southern areas. This
species is relatively restricted on the
island.

This species was not located in the
proposed development areas.

Dichanthium sericenm
subsp. bumilins

This subspecies extends from Barrow
Island to the Kimbetley and Pilbara
regions.

This subspecies was recorded within
the proposed gas processing facility
area in recent post-cylonic rain
surveys.

Dysphania kalpari

This species is widespread on the
mainland, but its distribution on
Barrow Island is unknown.

This species was not located in the
proposed development areas.

Erythrina vespertilio

This species is restricted on the island
to five main populations and localised
scattered trees. Although this species
is considered to be relatively
widespread in the State, on Barrow
Island it is very restricted. The main
areas were initially defined and
mapped as vegetation community F4
(Mattiske and Associates, 1993b).

The species was recently mapped
within vegetation community F4a
along the proposed CO reinjection
pipeline.

Eucalyptus xerothermica ms

This species is restricted to localised
patches, three main small populations
and a few scattered trees on the
island. This species is widespread in
the Pilbara region.

This species was not located in the
proposed development areas.

Euphorbia sp. A

This species requires further
taxonomic investigations.

This species was not located in the
proposed development areas.

Ficus opposita var. aculeata
(formerly recorded as
Ficus opposita var.
micrantha)

This species is known from only one
location in the south-west section of
the island and from three recent
collections on the island This species
extends in distribution to the Pilbara
and Kimberly regions.

This species was not located in the
current proposed development areas.

Gossypium anstrale

This species extends from Barrow
Island to the Kimberley and Pilbara
regions.

This species was not located in the
proposed development areas.

Grevillea pyramidalis
subsp. leucadendron

Scattered populations of this
subspecies occur in the middle of the
island, near the central east coast and
in the northwest of the island.

This subspecies was recorded in
communities L6b, L6¢c and 1.6d on
the proposed North White’s Beach
pipeline route and in community Lo6a,
south-east of the proposed camp area.
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Taxa

Regional Range and Barrow Island
Occurrence

Present in Proposed Gorgon
Development Area

Hakea lorea subsp. lorea

This subspecies was previously
located in scattered populations in the
central part of the island and is
recognised as being widespread in the
Pilbara region. It is now known to
occur in a range of vegetation
community types on the island.

This subspecies occurs in several
communities associated with a range
of site conditions from valleys (VIm
and V3b) to drainage systems (D1a)
and limestone slopes and ridges (1.3,
LL5a and L.6a) within the proposed
development area.

Halosarcia indica subsp.
Julacea

This subspecies extends from Barrow
Island to the Kimbertley. Restricted to
tidal flood areas of the island.

This subspecies was not located in the
proposed development area.

Hibiscus sturtii var.

platychlanys

This variety extends from Barrow
Island to the Pilbara region. Located
on edges of red sandy areas and in
gullies on western and northern edges
of the island.

This variety was not located in the
proposed development area.

Hybanthus aurantiacus

This species extends from Barrow
Island to the Kimbetley and Pilbara
regions. Previously located on a
disturbed site on northern section of
the island.

This species was located in
communities 1.3a, L.5a and V1m in
the proposed gas processing facility
footprint and wider study area and
within plot 15 under the proposed
footprint. This species is a relatively
short-lived plant, which occurs after
favourable seasonal rains.

Isotropis atropurpurea This species extends from Barrow This species was not located in the
Island to the Kimbetley and Pilbara. proposed development area.
Localised occurrence on the island.

Mallotus dispersus This species is restricted on Barrow This species was not located in the

(formerly recorded as
Mallotus didmochrysens)

Island and extends to the Kimbetley.

proposed development area.

Santalum niurrayanum

Restricted to one valley on the island.
This species extends from Barrow
Island southwards.

This species was not located in the
proposed development area.

Sporobolus mitchellii This species, although restricted in This species was not located in the
occurrence on Barrow Island, is proposed development area.
widespread on the mainland. It has
only been recorded in the south-west
of the island.

Stemodia glabella This species is relatively widespread This species was not located in the
on the mainland, but its distribution proposed development areas. Further
on Barrow Island is unknown. It investigations are required to clarify
extends from Barrow Island to the the taxonomy of the Stemodia species
Kimberley and Pilbara regions. on the island.

Whiteochloa airoides This species extends from Barrow This species was located on the

Island to the Kimbetley and Pilbara
regions. This species has been
recorded on the western coastal area
and inland. It appears that this grass
may be grazed in some areas and
therefore may be more widespread
following favourable seasonal
conditions for establishment and
growth.

proposed feed gas pipeline area.
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An additional 17 taxa are potentially restricted to Barrow Island and require further
attention in order to confirm their classification, distribution and conservation status
(Attachment A). This group includes variants of Acacia bivenosa and Corchorus sp. and the
following:

Abutilon sp. (VL-2706-09)

o Calandrinia att. remota

o Euphorbia att. drummondii (Boodie Island)

o Ficus brachypoda (hairy variant — ex Ficus platypoda vax. lachnocanla)

o Heliotropinm sp. (V1.-2104-19)

o Isolepis sp.

o Lechenaultia sp. (VL-BW103-13)

o Marsilea ?hirsuta

o DPtilotus obovatus (adherent prostrate from on island)

o Scaevola sp. (V1L-2104-20)

o Sidasp. (VL-2709-14).

Species that tend to be restricted to creek beds and gullies on Barrow Island are of
conservation significance, due to the historical loss of this habitat through anthropogenic

disturbance. The taxa associated with these habitats include Abutilon otocarpun, Dysphania
kalpari, Euphorbia sp. A, Gossypium australe and Hibiscus sturtii vax. platychlamys.

3.1.3 Introduced Species
Fourteen plant species have been introduced to Barrow Island (Table 3-4).

Table 3-4 — Introduced Species Previously Recorded on Barrow Island

FAMILY GENUS AND SPECIES
AMARANTHACEAE Aerva javanica (Kapok bush)
ASTERACEAE Abrctotheca calendula (Cape weed)

Conyza sumatrensis (Tall fleabane)

Psendognaphalinm luteoalbum (Jersey cudweed)

Sonchus oleracens (Milk thistle)

CYPERACEAE Isolepis marginata (Coarse club-rush)

MALVACEAE Malvastrum americanunm (Spiked Malvastrum)
MYRTACEAE Eucalyptus gomphocephala (native to SW EA — planted)
PASSIFLORACEAE Passiflora foetida vax. hispida (Wild passionfruit)
POACEAE Cenchrus ciliaris (Buffel grass)

Cynodon dactylon (Couch grass)

Setaria verticillata (Whortled pigeon grass)

POLYGONACEAE Emex anstralis (Doublegee)

SOLANACEAE Solanum nigrum (Blackberry nightshade)
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Astron Environmental (2002) notes that Malvastrum americanum was rated by CALM in
1999 as being ‘moderate’ in its potential to invade and endure, and that the weed has
become naturalised on the Pilbara mainland.

3.2 Proposed Development Areas
3.2.1 Species of Conservation Significance in Proposed Development Areas

The occurrence of restricted species within the proposed development areas is detailed at
Table 3-3 above. The significant species recorded within the proposed development areas
are further described below:

Species restricted to specific areas on the island

Erythrina vespertilio occurs within vegetation community F4a on the proposed CO,
reinjection pipeline (Figure 3-1) and an isolated tree of this species was located near the
proposed North White’s Beach pipeline.

Grevillea pyramidalis subsp. lencadendron occurs within community L6a near the proposed
camp site (Figure 2-1) and communities L6b, L6c and L6d along the proposed North
White’s Beach pipeline (Figure 5-1, Figure 5-2). Scattered populations have been
recorded in the centre of Barrow Island (Mattiske and Associates 1993b).

Hakea lorea subsp. lorea occurs in several communities associated with a range of site
conditions from valleys (V1m and V3b) to drainage systems (D1a) and limestone slopes
and ridges (.31, .5a and 1.6a) within the proposed gas processing facility area, the
proposed feed gas pipeline corridor and the proposed CO, reinjection pipeline corridor.
Prior to this study it was recorded by Mattiske (1993b) as occurring only in scattered
populations in the middle of the island, but has since been recorded in a variety of
communities.

Melalenca cardiophylla occurs in vegetation communities D1a, F8a, L.3h, L.7a, L7b, V1d,
V1k and V1m, of which communities D1a, F8a, V1d, V1k and V1m occur within the
proposed gas processing facility footprint (Figure 2-1). This species was recorded within
approximately 1583ha of vegetation type L7 (Mattiske and Associates 1993b). This
species is now known to be widely distributed on the island, but remains significant due
to its ecological function as fauna habitat.

Dichanthinm sericenn subsp. bumilius is an annual grass that was recorded in two locations
within the proposed gas processing facility area during the post cyclonic rain surveys.
Mattiske and Associates (1993b) also found the species amongst the chenopod fringes of
Barrow Island. This subspecies extends from Barrow Island to the Kimberley and Pilbara
regions and is expected to be widely distributed on the island, but distribution on the
island is unknown.

Hybanthus aurantiacus occurs in vegetation community V1m within the proposed gas
processing facility area and in communities L.3a, L5a and V1m in the wider study area.
This species extends from Barrow Island to the Kimberley and Pilbara regions and is also
located on a disturbed site in the northern part of Barrow Island. It is a relatively short-
lived species which occurs after favourable seasonal rains. Although some populations
will be affected by the proposed gas processing facility, the majority of the populations
will not be affected.
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Whiteochloa airoides grows on the proposed feedgas pipeline route. This species extends
from Barrow Island to the Kimberley and Pilbara regions and has been recorded on the
western coastal area and in the centre of the island. It appears that this grass is heavily
grazed and therefore is likely to be more widespread following favourable seasonal
conditions for establishment and growth.

Several different forms of Acacia bivenosa were recorded in the survey of the proposed gas
processing facility and wider study areas. Two forms of Acacia bivenosa were apparent in
the collections — a ‘normal’ variant and an ‘elongate phyllode variant’ (Bruce Maslin,
Western Australian Herbarium, personal communication). Further assessment of these
forms and other Acacia species on Barrow Island is anticipated in the future to determine
whether they are genetic variants.

Table 3-5 summarises the number of vascular plant taxa and families recorded within the
proposed development areas. Attachment G and Attachment H show the taxa recorded
in plots within the proposed gas processing facility.

Table 3-5 — Numbers of Plant Taxa and Families Recorded within Proposed
Gorgon Development Areas

Proposed Development Area No. No. Dominant Families
Taxa | Families

Poaceae (13 taxa), Asteraceae (11 taxa), Tiliaceae
115 38 (10 taxa), Mimosaceae (6 taxa), Euphorbiaceae (7
taxa) and Papilionaceae (6 taxa)

Proposed gas processing
facility wider study area

Proposed gas processing
facility footprint (species 48 2% Euphorbiaceae (7 taxa), Poaceae (5 taxa),
recorded in six vegetation plots Asteraceae (3 taxa), Papilionaceae (4 taxa)
within footprint)

Proposed CO reinjection Poaceae (9 taxa), Asteraceae (4 taxa), Mimosaceae

68 30

pipeline (4 taxa) and Papilionacae (5 taxa)
L Poaceae (12 taxa), Asteraceae (5 taxa) and
Proposed feed gas pipeline 60 27 Papilionaceac (4 taxa)
Proposed North White’s Beach Chenopodiaceae (9 taxa), Poaceae (9 taxa) and
L 67 27
pipeline Asteraceae (7 taxa)

Table 3-6 shows the numbers of annual and perennial species recorded within vegetation
plots in the proposed gas processing facility area, before and after the post-cyclonic rain
surveys.

Thirteen additional species were recorded in the proposed gas processing facility and
wider study areas. Eleven additional species were recorded on the proposed feed gas
pipeline area, 16 additional species were recorded on the proposed CO, reinjection
pipeline area and 11 additional species were recorded on the proposed North White’s
Beach pipeline as a result of post-cyclonic rain surveys.
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Table 3-6 — Annual and Perennial Species Recorded in Plots within the Proposed
Development Area Before and After Post-cyclonic Rains

Plot 1 Plot 2 Plot 3 Plot 15 Plot 46 Plot 47
Annual/Perennial | Pre | Post | Pre | Post | Pre | Post | Pre | Post | Pre | Post | Pre | Post
A 0 3 1 3 0 0 0 1 0 3 0 2
P 5 7 10 11 13 14 12 16 9 9 9 10
A/P 1 4 1 8 1 2 0 3 0 0 0 0
total 6 14 12 22 14 16 12 18 9 12 9 12
Increase # - 8 - 10 - 2 - 6 - 3 - 3
species after
rain
% species - 133.3 - 83.3 - 87.5 - 50 - 33.3 - 33.3
increase

Note: Pre = number of annuals/petennials in initial plot sutveys (September/October/ December
2003),
Post = number of annuals/petennials in post rain sutveys (April/May 2004)

New Records for Barrow Island

Nine new records or confirmed identities for Barrow Island were added to the list of
vascular plant species as a result of the post-cyclonic rain surveys on the island.

These new records and confirmations are described in the following.

Tephrosia clementii has not previously been recorded for Barrow Island and was found in
limestone community F5d (Figure 3-1) on the proposed CO, pipeline route. This species
differs from Tephrosia rosea var. clementsi, which was previously recorded on Barrow Island.
The Western Australian Herbarium’s current MAX database lists four varieties of
Tephrosia rosea: var. clementi, var. glabrior, var. rosea and var. venulosa. Both Tephrosia clementii
and Tephrosia rosea var. clementii names are current.

The recent collections of Tephrosia clementii were very small and herbaceous. Only five
collections of the species are lodged at the Western Australian Herbarium. The limited
collections and knowledge of the distribution of this species suggests that listing by
CALM as a Priority species may be considered. Further survey work will be required to
determine the distribution of this species on the island.

The Southern Pilbara — Carnarvon Coastal form of Eriachne flaccida (Trudgen 2002), was
collected from the clay pan community S1a on the proposed CO, reinjection pipeline and
confirms the identity of the previous collection from the same area. Trudgen (2002)
noted that the Eriachne specimen from Barrow Island differs from the inland Pilbara
material for Erachne flaccida in seven ways. However, it is the same as R. Buckley’s
collection of the species from Barrow Island and a few coastal specimens from the
Carnarvon area.

An unidentified Isolepis sp. was found within the proposed gas processing facility
footprint after the post-cyclonic rains, in the south-west corner of the proposed
footprint, and at two locations outside the proposed footprint. The Barrow Island
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specimens do not match any known Iso/epis specimen held in the Western Australian
Herbarium (Cate Tauss (pers. comm.)), apart from a specimen recently collected in Perth.
There is potential for the species to be a new native species, or a cosmopolitan species of
Asian origin. Further investigation of this species is required to resolve its taxonomic and
biogeographical affinities.

Tribulus hirsutus was recorded within community F8a in the wider study area (Figure 2-1)
and Community F5c on the proposed CO, reinjection pipeline. It appears to be a new
record for the island. The species has a distribution that extends from the Pilbara to parts
of the Kimberley.

Corchorus congener was added to the species list for the island after recent identifications of
Corchorus specimens by David Halford of the Queensland Herbarium. This species has
been recorded near Exmouth but had not been previously recorded on Barrow Island.

Corchorus congener was found within the proposed gas processing facility footprint.
Specimens tentatively identified as Corchorus congener were also located within the wider
study area surrounding the proposed gas processing facility footprint (Figure 2-1) and on
the proposed North White’s Beach pipeline route. Further survey and collections would
be required to determine the distribution of this species on the island.

The other taxa added to the Barrow Island flora list after the recent post-cyclonic rain
surveys include Evolvulus alsinoides var. villosicalyx, Ptilotus fusiformis var. fusiformis and
introduced species Sezaria verticillata. None of these three records appear to be significant
range extensions. However, the collection of a new introduced species (Setaria verticillata)
near the proposed North White’s Beach pipeline corridor warrants further investigation.

Little is known about the non-vascular plant species in the Pilbara region. Fruiting bodies
of an unidentified fungus were observed on a termite mound on the proposed CO,
reinjection pipeline route (Plate 1). No non-vascular plant species were observed within
the proposed development area during post-cyclonic rain surveys.

3.2.2 Proposed Gas Processing Facility

Forty eight taxa, from 26 families were recorded from six plots within the proposed
facility footprint, after post-cyclonic rain surveys. These totals probably underestimate
the number of species within the gas processing facility footprint and represent less than
half of the taxa in the area.

No introduced species were recorded in the proposed gas processing facility or the wider
study area.

3.2.3 Proposed Pipeline Corridors

Each of the three pipeline routes yielded more than 60 plant taxa (Table 3-5). One
introduced species, Setaria verticillata, was recorded outside the proposed North White’s
Beach pipeline in the post-cyclonic rain surveys.

The flora values in these pipeline areas will be assessed further as part of the finalisation
of the alignment of the pipelines.

15
April 2005



Appendix C1: Flora and Vegetation Technical Report

3.2.4 Proposed Mainland Pipeline Corridor

A preliminary flora and vegetation survey of the proposed mainland pipeline route,
adjacent to the existing Apache pipeline on Mardie Station south of Karratha, was
undertaken in May 2003. Preliminary vegetation assessment of this area, which has
coastal mangrove and samphire communities, salt pans and inland terrestrial vegetation
communities, is shown in section 4.2.3 of this report and in Appendix ] and Chapter 11
of the main report. Further collections and identifications are required to complete a
species list for the proposed mainland pipeline survey area.

4 Vegetation

Generally, the vegetation of the near-coastal environments are relatively consistent within
the Pilbara region. The typical pattern of vegetation comprises mangroves in tidal areas,
Spinifex longifolins assemblages on the foredunes, halophytic communities on the saline
flats, stunted vegetation on the near-coastal rocky headlands, and hummock grasslands of
Triodia on the inland areas. The grass species and emergent shrubs and trees in these
hummock grasslands reflect local patterns in landforms, soils and moisture availability.

4.1 Vegetation Types of Barrow Island

The 34 vegetation types mapped by Mattiske and Associates (1993b) were further refined
to create 83 mapping units after surveys of the proposed development areas (Figures 1-1
to 1-4). The mapping codes for the vegetation communities were linked to previous
mapping studies by Mattiske and Associates (1993a) and Astron Environmental (2002).

Additional vegetation communities that were delineated and mapped within and near the
proposed development area were the rocky headlands (mapping unit R) and disturbed
areas (Dist). Disturbed areas include roads, areas of recent disturbance, seismic lines and
areas of historical disturbance where partial regrowth of vegetation had occurred, well
pad areas and areas of disturbance around the Terminal Tanks and the old airport (Figure
2-1).

The ground-truthing and high resolution aerial photography used in the current survey
facilitated the clarification of some vegetation types and hence there are some
discrepancies between the various maps. For example it facilitated the definition of the
new vegetation type (I'8) on the flats near the proposed gas processing facility footprint.

4.2 Proposed Development Area

4.2.1 Proposed Gas Processing Facility

Figure 2-1 shows the distribution of vegetation communities in the vicinity of the
proposed gas processing facility footprint (including proposed plant, camp area and

adjoining road).

Table 4-1 shows the areas of the 11 vegetation communities, areas of disturbance and
unvegetated rocks which will potentially be impacted by the proposed gas processing
facility.
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Table 4-1 — Vegetation Communities and Areas Potentially Impacted by the
Proposed Gas Processing Facility Footprint

Vegetation Community Area (ha)

C2a 0.20

C2b 0.002

Cha 0.58

Dla 0.09
Disturbed Areas 0.66
F8a 47.86

L3a 1.34

L3f 0.24

L3i 28.06

L7b 2.20

Rocks (unvegetated) 0.50
Vid 3.15

Vik 10.70

Vim 31.77

The dominant communities within the proposed gas processing facility area as shown in
the table above are V1m, F8a and L.3i. Community V1m consists of Melalenca and Acacia
heath over mixed T7/odia hummock grassland on limestone slopes and ridges.
Community F8a consists of Acacia bivenosa shrubland over mixed T7iodia hummock
grassland on flats and valley floors. Community L.3i consists of Acacia bivenosa shrubland
over mixed T7iodia hummock grassland on limestone slopes, small rises and flats.

Vegetation within a wider study area surrounding the proposed gas processing facility
footprint was mapped to provide context and guidance for the location of the proposed
gas processing facility footprint. The wider study area totals approximately 1483 ha
(Figure 2-1). Of this, approximately 64ha has been previously cleared or disturbed for
roads, terminal tanks and oil remediation areas. A further 40 ha has been disturbed
within the wider study area by the removal of drainage soil material for road works and
well sites.

The wider study area contains 26 vegetation communities. Substantial areas of
communities such as F8a (Acacia bivenosa and Triodia wiseana ‘flats’) occur in the east, with
ten undulating limestone slope and ridge communities and eight valley slope
communities with minor drainage lines in the west. Small pockets of the limestone
community (L6a), dominated by Grevillea pyramidalis subsp. ?leucadendron and Triodia
angusta, are located in the south-east of the wider study area (Figure 2-1).

Several major drainage gullies occur within the wider study area and flow towards the
east coast of the island. Some of these drainage gullies have been disturbed as a result of
‘borrowing’ of soil material. The east coast of the island forms the eastern edge of the
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wider study area and supports four coastal dune vegetation communities and one coastal
limestone cliff vegetation community (Figure 2-1).

Data Analyses

Dendrograms (Figure 7-1 to 7-3) were used as a means of checking groupings and the
resulting vegetation communities for the proposed gas processing facility and for a
comparison of this area with the remainder of Barrow Island.

The results for some of the more distinct vegetation communities reflected sharp
boundaries in site conditions, whilst other less-distinct vegetation communities were
related and reflected only subtle differences in species composition. In general, there was
a reliance on experience of the ecologists in delineating the less-distinctive communities.

In delineating the groups the following trends were observed:

o Although plots established in dune areas were located both on top of dunes and in
swales between the dunes, and aerial photography showed the two areas as differing
in appearance, several of these plots were linked closely in the output of the analysis.
It appears that the composition and percentage cover of species in these differing
parts of the dune system were sufficiently similar to allow the grouping of the plots
into the same vegetation community.

o Although plot 47 was not linked closely in the dendrogram with the other plots
containing Melalenca cardiophylla, it was grouped within Melalenca community V1m as a
result of the presence of this dominant species and certain other species, and its
topographical position in the landscape.

o Although the Melalenca plots were linked closely in the dendrograms, the plots were
divided into upper slope, valley and flats communities.

o Plot 12 was not linked closely to other dune plots as it was a transect that traversed
several different coastal communities adjacent to a major creek line.

4.2.2 Proposed Pipeline Corridors
Proposed CO, Reinjection Pipeline

The corridor surveyed for the proposed CO, reinjection pipeline extends from near the
proposed gas processing facility footprint almost to Cape Dupuy at the northern end of
the island, and has an approximate width of 60m (Figure 3-1 to 3-6). Of the 70 ha
mapped within the pipeline survey area, approximately half of that would be expected to
be impacted by the proposed pipeline. Forty three vegetation communities were mapped
within the proposed corridor survey area, approximately six hectares of which has been
previously disturbed or cleared for roads.

Vegetation along the corridor consists predominantly of 13 ‘flats’ communities, located
more commonly in the north of the island, with 11 valley slopes communities and 11
undulating limestone slopes and ridge communities in the southerly extent of the
corridor (Figure 3-1 to 3-6). Of the ‘flats’ communities recorded along this corridor, one
community (F4a) is dominated by Erthyrina vespertilio, Triodia wiseana and Triodia angusta.
Approximately 0.3 ha of this community is expected to be impacted by the proposed
pipeline corridor.
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Six drainage communities occur intermittently along this route, of which 1.5 ha of major
drainage is likely to be impacted by the proposed corridor. One coastal community was
recorded at the northern end of the proposed pipeline corridor. A clay pan community
(S1a) was also recorded in this corridor, 0.3 ha of which is likely to be impacted by the
proposed corridor.

Proposed Feed Gas Pipeline

The proposed feed gas pipeline corridor extends from near the proposed gas processing
facility footprint to Flacourt Bay, on the west coast of the island (Figure 4-1 to 4-4). The
area surveyed for this pipeline was approximately 50 m wide. It includes 23 vegetation
communities over an area of about 44 ha, of which approximately 22 ha is expected to be
impacted by the proposed corridor. Approximately 3.5 ha of this area has been
previously disturbed or cleared for roads.

For much of the corridor length, vegetation consists predominantly of seven undulating
limestone slope and ridge communities and seven valley slope communities.

The proposed corridor intersects two major and two minor drainage vegetation
communities and additional minor drainage lines within the limestone and valley slope
communities. Approximately 0.5 ha of major drainage lines are expected to be impacted
by the proposed corridor. The undulating limestone communities toward the western
end of the proposed corridor drop away steeply to Flacourt Bay, which supports five
coastal vegetation communities; Cld, C2e, C5b, C5c and C4e, which are restricted to the
small erodible beach dunes and limestone flats (Figure 4-1 to 4-4).

Proposed North White’s Beach Pipeline

The proposed North White’s Beach pipeline corridor is located in the north of the island.
It extends west from the proposed CO, reinjection pipeline to the northern end of
White’s Beach on the west coast of the island (Figure 5-1 to 5-2). The area surveyed for
this pipeline is approximately 50 m wide and includes 20 vegetation communities over an
area of about 20 ha, of which approximately 10 ha is likely to be impacted by the
proposed pipeline. Of this area, less than 0.03 ha has previously been disturbed.

The proposed North White’s Beach pipeline corridor contains two valley slope
vegetation communities and seven undulating limestone vegetation communities, of
which three are dominated by Grevillea pyramidalis subsp. ?leucadendron over Triodia epactia
ot Triodia wiseana. A total of about 3ha of communities containing Grevillea pyramidalis
subsp. ?lencadendron is likely to be impacted by the proposed pipeline. Several of the valley
slope and limestone vegetation communities contain minor drainage lines.

The vegetation opens out into two ‘flats’ communities near the west coast, separated in
parts by a small area of limestone vegetation community (I.3¢) containing scattered herbs
and grasses, of which approximately 0.1 ha is likely to be impacted by the proposed
pipeline. A third ‘flats” community is located further east on the proposed corridor.

The proposed North White’s Beach pipeline corridor supports eight coastal vegetation
communities, including elevated dunes, swales and flats (Figure 5-1 and 5-2).
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4.2.3 Proposed Mainland Pipeline Corridors

The proposed mainland pipeline route is adjacent to an existing Apache pipeline on
Mardie Station, south of Karratha. Preliminary vegetation mapping of the proposed
pipeline route showed intertidal vegetation in this area, including mangroves consisting
of Avicennia marina subsp. Pencalyptifolia, Bruguiera exaristata and Rhizophora stylosa, areas of
samphires consisting of a low shrubland of Halvsarcia halocnemoides subsp. tenuis, Halosarcia
indica and Suaeda arbusculoides and unvegetated tidal flats (Plate 69, Plate 70 and Plate 71).

Preliminary assessment of the inland vegetation along the proposed mainland pipeline
route includes communities consisting of the following:

o A Grassland of Triodia epactia and ?Cenchrus sp. with Eragrostis dielsii and Eragrostis
faleata with occasionally emergent Acacia farnesiana, Acacia trachycarpa, Lawrencia
viridigrisea and Neobassia astrocarpa shrubs on raised red earth mounds (Plate 72).

e A Low Open Shrubland including Acacia sp. over grassland with Dzcanthinm sericenm
subsp. bumilins, Eriachne flaccida, Aristida holathera var holathera and Eriachne benthamii
over a Very Open Herbland including Rhynchosia minima and Neptunia dimorphantha on
red earth flats (Plate 73).

e An Open Shrubland to Tall Open Shrubland of Acacia trachycarpa, Acacia ancistrocarpa,
Acacia elachantha, Acacia victoriae and Acacia xiphophylla over a Grassland of Triodia
epactia and ?Cenchrus sp. over mixed herb species on red sandy flats (Plate 74). This
community was recorded at the eastern end of the proposed mainland pipeline route,
near the existing compressor station.

Confirmation of the identification of the ?Cenchrus sp. specimen and other specimens
collected in the preliminary survey is likely to indicate the significant presence of
introduced species Cenchrus ciliaris along this proposed route; Arthur Weston (pers.comm)
notes that it is almost certainly this species. Detailed vegetation mapping and Declared
Rare and Priority Flora searches should be undertaken prior to finalisation of the route.

4.3 Vegetation Representation on Barrow Island
4.3.1 Dendrogram Outputs

In reviewing the dendrograms the initial letter and first number code were consistent
among recent and historical vegetation studies on the island, however, an additional letter
was added for the vegetation communities defined for the proposed gas processing
facility site as the studies were then undertaken at a more detailed sampling level.
Therefore C2 and L3 (Mattiske 1993b) can be compared with C2a and L3a to L3i
respectively.

The dendrogram for the sites on the proposed gas processing facility reflected some key
groupings (Figure 7-1 to 7-3). For example, the coastal communities Cla, C2a and C5a
were delineated in the first of the groupings.

The dendrogram for the sites on the proposed gas processing facility area and the wider
island reflects the complexity of the vegetation on Barrow Island. As for the proposed
gas processing facility site, some of the groupings reflect overlap with similar vegetation
community types, whilst others were grouped with apparently dissimilar community
types. In general, although the samples were based on different survey times, some
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general trends were consistent, for example, the valley (V) and drainage (D) types
overlapped in some of the groupings, and the coastal (C) and flat (F) types ovetlapped or
merged due to the species’ composition, reflecting similar underlying soil types.

The results for the D2 and V1 communities in Figure 6-1 reflect the concentrated effort
of Trudgen in 1989 (sites prefixed by MET) on the vegetation in the valleys and gullies.

4.3.2 Representation of Vegetation Communities

In reviewing the representation of the vegetation communities on the island it is
important to recognise the different data sets used. To address the differences between
the data sets, the various mappings undertaken to date were related through the
vegetation mapping codes in Attachment C. The use of related mapping codes also
allowed linkage of similar vegetation descriptions from work undertaken by Astron
Environmental (2002) and vegetation descriptions for the current study. Codes for
similar units mapped by Astron Environmental in 2002 units were given a prefix ‘A’
(Attachment C).

4.3.3 Representation of Significant Vegetation Communities

The vegetation communities on the proposed development area were assessed by
compatison of the 2003/2004 studies with previous findings on the vegetation of the
island (Mattiske and Associates 1993b). The communities and representation are
summarised in Attachment C and discussed in the following.

4.4 Significant Vegetation Types

Criterion 2 of the ‘Guidelines for applying criteria to assess the level of threat to
ecological communities’ (Environment Australia 2004) uses a total of 1000 ha as an
indicative threshold for identifying terrestrial vegetation communities with small
distributions as ‘very restricted’.

Based on the combined areas of the vegetation types as defined by Mattiske (1993b) only
eight vegetation types defined for Barrow Island cover more than 1000 ha (D2, F1, F5,
L1, 1.3, .7, 1.9 and V1), with the remaining 26 vegetation types covering less than 1000
ha (M1, T1, T2, C1, C2, C3, C4, C5, C6, C7, D1, D3, F2, F3, F4, F6, F7, 1.2, 1.4, L5, L6,
L8, LL10, S1, S2 and V2). All of the vegetation communities mapped recently in the
proposed development area, including F8 and V3, which were not defined and mapped
prior to the current survey, cover less than 1000 ha. These communities are well
represented on the island and the 1000 ha guideline has not been adopted in the current
assessment.

In assessing the representation of vegetation types and vegetation communities, the scale
of definition is critical in applying criteria defined by others. At this point, the vegetation
mapping by Mattiske and Associates (1993b) as the vegetation type scale, the regional
mapping by Beard (1975) and the extensive botanical experience by various authors
(Astron, Trudgen and Mattiske) provide a wider context in which to assess the
significance of the vegetation on Barrow Island. Therefore, the representation and
significance of the vegetation communities in the proposed development area have been
assessed against the broader vegetation types that have been defined for Barrow Island.
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Comparisons were also made with previous studies on the seismic lines and drainage
areas (Mattiske and Associates 1993a; Mattiske Consulting 1997; Trudgen 1989). The
significance of these relationships with the environment has been used in the
interpretation of representation.

Previous broad-scale mapping on the island undertaken by Mattiske and Associates
(1993b) used prefixes to categorise the vegetation assemblages. For example, limestone
outcropping ridge and slope community descriptions are grouped as ‘L, valley systems as
‘V’, drainage areas as ‘D’, coastal communities as ‘C’ and communities on the extensive
sandy flats as ‘F’ . Astron Environmental (2002) further expanded this coding system to
define communities within the broader units, for example Cla. This methodology has
been employed for the current study to enable linkage to previous studies.

The representation of the vegetation types within those defined and mapped previously
by Mattiske and Associates (1993b), and for the recently mapped proposed development,
are reviewed below.

e ‘Marine’ community (M1 vegetation type) occurs within localised pockets
(covering approximately 24.67 ha) on the fringes of the more protected southern and
eastern coastlines (Mattiske and Associates 1993b). On current knowledge of regional
communities, this vegetation type is well represented on the mainland. This type was
not recorded in the proposed development area.

e ‘Tidal’ communities (T vegetation types) occur in very localised pockets
(covering approximately 16.6 ha) on the tidal areas scattered around the island
(Mattiske and Associates 1993b). These vegetation types have similarities with
halophytic communities on the mainland, although further regional comparisons are
required. These types were not recorded within the proposed development area.

o ‘Coastal’ communities (C vegetation types) occur in very localised pockets
(covering approximately 1536.8 ha) on the island. Some have similarities with
mainland coastal communities, whilst others appear to differ from those on the
mainland. Further regional studies and comparisons with coastal areas in the Pilbara
and Cape Range areas are required. Based on recent vegetation community mapping
(Figure 2-1 to 5-2) and estimates of vegetation types (Mattiske and Associates 1993b),
0.5 per cent of the combined ‘C’ types on the island occur within the proposed
development area.

o ‘Drainage and creekline’ communities (D vegetation types) occur in linear
patterns (covering approximately 1137.56 ha) along the floors of broader valley
systems. These communities have been widely disturbed by historical activities on
Barrow Island and this significance has been highlighted by Trudgen (1989). Based
on recent vegetation community mapping (Figure 2-1 to 5-2) and estimates of
vegetation types (Mattiske and Associates 1993b), 0.6 per cent of the combined ‘D’
types on the island may occur within the proposed development area.

o ‘Flats’ communities (F vegetation types) occur on broad sandy flats, largely
located on the northern, eastern and southern fringes (covering approximately
72.1 ha) of the island. Based on recent vegetation community mapping (Figure 2-1 to
5-2) and estimates of vegetation types (Mattiske and Associates 1993b), 1.8 per cent
of the combined ‘I types on the island occur within the proposed development area.

e ‘Limestone’ communities (L vegetation types) occur on the shallow limestone
ridges and slopes located mainly on the central part of the island (covering
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approximately 9444.1 ha). Based on recent vegetation community mapping (Figure
2-1 to 5-2) and estimates of vegetation types (Mattiske and Associates 1993b), 0.9 per
cent of the combined ‘I types on the island occur within the proposed development
area.

e ‘Clay Pan’ communities (S1 and S2 vegetation types) occur on the localised clay
plans located on flow lines and flats on the island (covering approximately 193.2 ha).
Similar clay pan communities have been recorded by Trudgen and Mattiske in the
Pilbara region and are generally associated with significant shifts in the local floristic
composition of the communities. Based on recent vegetation community mapping
(Figure 2-1 to 5-2) and estimates of vegetation types (Mattiske and Associates 1993b),
0.3 per cent of the combined ‘S’ types on the island occur within the proposed
development area.

o ‘Valley slopes and escarpment slopes’ communities (vegetation types V1 and
V2) occur on the various slopes of the narrow and broad valley systems. Based on
recent vegetation community mapping (Figure 2-1 to 5-2) and estimates of vegetation
types (Mattiske and Associates 1993b), 1.2 per cent of the combined V’ types on the
island occur within the proposed development area.

Although several halophytic communities occur south of the proposed North White’s
Beach pipeline route and will not be impacted by the current proposal, it is important to
highlight their presence in the event that a change of pipeline route is considered.
Halophytic communities have been identified as one of the restricted communities on
the island and should be avoided by proposed developments.

4.4.1 Significant Vegetation Communities
Communities with Restricted Distribution or Threatened or Restricted Species

Beyond the extent of representation of a vegetation community, flora and vegetation may
be significant for a variety of reasons, including the presence of rare, threatened or
geographically-restricted species or restricted distribution of the community. While there
are recognised limitations with respect to representation of vegetation on Barrow Island,
the vegetation communities located within the proposed development considered to be
of particular significance (Figure 8-1 to 8-4) include the following:

o Erythrina vespertilio has a restricted distribution on Barrow Island, and consequently
vegetation community F4a, which was recorded on the proposed CO, reinjection
pipeline in the current survey, is considered to be locally significant. Of this
community, 0.6 ha may be impacted by the proposed development. 127.6 ha within
five main populations of the broader F4 unit have been mapped previously on
Barrow Island (Mattiske and Associates 1993) (Plate 20).

o Grevillea pyramidalis ?subsp. leucadendron has a patchy and restricted distribution on
Barrow Island, and consequently vegetation communities L6a, L6b, L6c and L6d
which contain the species Grevillea pyramidalis subsp. ?lencadendron are considered to be
locally significant. Two small areas of community LL6a are located south of the
proposed gas processing facility, in the south-east part of the wider study area (Plate
49).

The proposed campsite, to the south of the proposed gas processing facility, was
relocated during the design stage to avoid community L6a. Of communities L6b, Lo6c
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and L.6d, 1.2 ha, 1.5 ha and 0.19 ha respectively are likely to be impacted by the
North White’s Beach pipeline route (Figure 5-1 to 5-4).

Major Drainage Areas

The proposed feed gas pipeline and proposed CO, reinjection pipeline cross several areas
of major drainage line which are restricted in distribution as a result of historical
‘borrowing’ of soil material. Approximately 0.5 ha and 1.5 ha of these communities are
likely to be impacted by the proposed feed gas pipeline and proposed CO, reinjection
lines, respectively (Figure 3-1 to 4-4). A drainage area of 0.092 ha may be affected by the
proposed camp site (Plate 10 to 19).

Otherwise Significant Vegetation Communities

Previously mapped vegetation type 1.7 as defined by Mattiske and Associates (1993b)
contains Melalenca cardiophylla, which is significant for supporting the restricted and
endemic White-winged fairy-wren (Malurus lencopterus edonardi) which is listed as
Vulnerable under the Western Australian Wildlife Conservation Act and the EPBC Act.
In recent mapping of the wider study area the species was recorded in vegetation
communities D1a, F8a, 1.3h, [.7a, 1.7b, V1d, V1k and V1m, of which five communities;
D1a, F8a, V1d, V1k and V1m, totalling 93.57 ha were mapped beneath the proposed gas
processing facility footprint (Figure 2-1). A total of 1583.84 ha of vegetation type L7 has
been previously mapped for the island (Mattiske and Associates 1993b).

Communities Requiring Further Investigation

A range of communities within the proposed development area are either patchy or very
restricted in area and require further investigation to clarify their significance. These
communities include:

e A range of coastal communities defined and mapped at the western end of the
proposed feed gas pipeline, including communities C1d, C2e, C5b, C5c and C4e,
which are restricted to the near-coastal areas. Total areas of 0.13 ha, 0.19 ha, 0.22 ha,
0.07 ha and 0.38 ha respectively, would be affected by the proposed pipeline route.
(Plate 2, Plate 7, Plate 8). Only one other small area with strong affinities with these
communities has been found.

e The clay pan community S1a (Plate 55) recorded on the proposed CO, reinjection
pipeline. Of this community, 0.3 ha may be impacted by the proposed pipeline.
Community Sla relates to broader scale mapping unit S1 (Mattiske and Associates
1993b) which is represented by 192.3 ha on Barrow Island. This community is
significant as it supports a combination of grasses that are restricted to the northern
clay pans.

e Limestone community L3c is located on the proposed North White’s Beach pipeline
(Figure 5-1 and 5-2). Of this community, 0.1 ha is likely to be impacted by the
proposed pipeline. This community is very restricted and requires further
investigation to determine its wider distribution on the island.

o Communities which contain species that germinated after recent post-cyclonic rains
and appear to be restricted. Such communities include limestone communities F5d
and F5e on the proposed CO, reinjection pipeline. One of these communities is
known and another presumed to contain Tephrosia clementii, which appears to be
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restricted on the island. These limestone communities appear to be restricted in

distribution and further work is required to determine their extent.

e Vegetation communities in the proposed CO, reinjection well sites areas on Barrow

Island and the proposed pipeline corridor on the mainland, the significance of which
is to be assessed when the locations have been confirmed.

4.5 Vegetation Condition

Most of the vegetation in the proposed development area is in excellent-to-pristine

condition, with little apparent disturbance. Exceptions are along main tracks and seismic

lines that run across the proposed gas processing facility site and wider study areas and,

to a lesser degree, along the proposed pipeline routes.

Vegetation has regenerated to varying degrees on the seismic lines. Table 4-2 shows the
areas of vegetation communities within the proposed gas processing facility and wider

study area (Figure 2-1) affected by seismic line disturbance.

Table 4-2 — Areas of Vegetation Communities Affected by Seismic Lines and

Roads within the Proposed Gas Processing Facility Footprint and Wider Study

Area
Vegetation Area of Pre | Areaof1994 | Area of roads Total area
Community 1994 Seismic lines (ha) (ha)
Seismic (ha)
lines (ha)

Cla 0.05 0.11 0.01 0.18
C2a 0.56 0.56 0.26 1.38
C2b 0.24 0.41 0.43 1.08
C2c 0.00 0.01 0.00 0.01
Cha 0.04 0.16 0.49 0.68
Dila 0.87 0.98 3.75 5.60
D1a dist 0.05 0.14 31.43 31.62
Dist 0.23 0.56 27.49 28.28
F8a 1.87 2.58 2.85 7.30
1.3a 0.16 0.20 0.20 0.56
L3f 0.58 0.57 0.75 1.90
L3h 0.18 0.29 0.31 0.78

L31 0.99 1.96 1.20 4.15

L4a 1.53 2.18 1.52 5.23
L5a 0.37 0.28 0.37 1.02
Lo6a 0.01 0.04 0.02 0.07
L7a 0.02 0.06 0.05 0.12
L7b 1.32 2.30 2.22 5.84
L9a 0.08 0.11 0.08 0.28

R 0.00 0.04 0.55 0.59
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Vegetation Area of Pre | Areaof1994 | Area of roads Total area
Community 1994 Seismic lines (ha) (ha)
Seismic (ha)
lines (ha)
Via 0.41 0.84 0.51 1.76
Vic 0.01 0.29 0.11 0.40
Vid 0.05 0.10 0.15 0.31
Vik 0.77 1.57 1.77 4.12
Vim 1.68 2.67 2.55 0.89
Vin 0.13 0.17 0.33 0.64
V3a 0.66 0.47 0.73 1.87
V3b 0.48 1.00 0.59 2.07
Total 13.34 20.65 80.72 114.14

5 Discussion and Conclusions

The majority of vegetation communities mapped within the proposed development areas
extend well beyond the proposed development area and the areas of the communities are
larger outside the proposed corridors and gas processing facility than within these areas.

Some work has been undertaken in accurately determining the extent of significant
vegetation communities in the vicinity of the proposed development areas, however the
extent of these communities over the island requires further clarification. Consideration
should be given to, where possible, avoiding those communities identified as being of
particular significance within the proposed development areas.

The F4a Erythyrina vespertilio community, F5d and F5e Scaevola cunninghamii limestone
communities, the 1.ob, L.6c and 1.6d Grevillea pyramidalis communities, Sla Clay pan
community and L3¢ Limestone communities mapped within the proposed development
area appear to be restricted in distribution on the island. Five coastal vegetation
communities recorded at the western end of the proposed feed gas pipeline at Flacourt
Bay (C1d, C2e, C5b, C4e and C5c) appear to be restricted to the near coastal areas at
Flacourt Bay. Community C2e occurs just outside the proposed pipeline corridor and any
changes to the proposed pipeline routes should take into account these five coastal
communities.

The Grevillea pyramidalis subsp. ?lencadendron communities on the proposed North White’s
beach pipeline corridor appear to extend well beyond the expected area of impact,
however the distribution of these communities over the island appears to be limited.

Limited searching in the vicinity of community L3c on the proposed North White’s
Beach pipeline route were recently undertaken, however limited knowledge of the extent
the community shows that it appears to be locally restricted at this stage. Limited
searches have been undertaken on the west coast of the island to find other occurrences
of community C5c. This community appears at this stage to be locally restricted.

The species composition of the clay pan communities in the south west of the island
differed significantly from the Sla clay pan community on the proposed CO, reinjection
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pipeline. Further investigation is required to determine whether other clay pan areas
mapped previously by Mattiske and Associates (1993) differ significantly from the Sla
community on the proposed pipeline route.

Impacts on major drainage lines in the vicinity of the proposed development should be
minimised, given the historical disturbance of major drainage communities on the island.

Neither of the two Priority species recorded on Barrow Island (Corchorus interstans ms or
Helichrysum oligochaetum) are restricted to the island. Helichrysum oligochaetum has not been
observed or recorded in surveys of the proposed development areas. Although the
proposed development on Barrow Island may impact some of the populations of
Corchorus interstans ms, this species is widely represented outside the proposed
development areas. Corchorus interstans ms is abundant in a wide range of environments
and is not threatened by the proposed development.

A number of species, though not listed as Rare or Priority, appear to be restricted in
distribution on the island and consideration should be given to avoiding these species
where possible within the proposed development areas. Of the 23 species considered to
be restricted in distribution or poorly known on the island prior to recent post cyclonic
rain surveys, 6 species were recorded in recent surveys of the proposed development
areas;

Dichanthinm sericuens sabsp. bumilius, Erythrina vespertilio, Grevillea pyramidalis subsp.
Plencadendron, Hakea lorea subsp. lorea, Hybanthus anrantiacus and Whiteochloa airoides.

Dichanthinm sericuen sabsp. bumilius was located within the proposed gas processing facility
area in recent post cylonic rain surveys and knowledge of this species on the island is
limited.

Grevillea pyramidalis subsp. ?lencadendron occurs in communities L6a, L6b, L6c and 1.6d, of
which three communities were recorded on the proposed North White’s Beach pipeline
route. Erythrina vespertilio was recorded within community F4a on the proposed CO,
reinjection pipeline corridor.

Hakea lorea subsp. lorea was recorded in a variety of vegetation communities within the
proposed development areas in the current survey, and appears to be more widespread
than previously considered.

Hybanthus aurantiacus was recorded within the proposed gas processing facility area and in
the wider study area. Although some populations are likely to be affected by the
proposed gas processing facility, most populations of this species are not likely to be
affected.

Whiteochloa airoides was recorded on the proposed feed gas pipeline corridor and has been
found further inland in previous surveys. Further investigation of this species is required
to determine its distribution on the island.

Species recorded during recent post cyclonic surveys of the proposed development areas
that require further investigation to clarify their distribution on the island include
Tephrosia clementii, Eriachne flaccida (Southern Pilbara — Carnarvon Coastal Form), Isolepis
sp. , Tribulus hirsutus and Corchorus congener.
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Eriachne flaccida (Southern Pilbara — Carnarvon Coastal Form) may be restricted to the
clay pan community on the proposed CO, reinjection pipeline. Further investigation of
other clay pan areas on the island are required to clarify the distribution of community
S1a on the island.

Due to the limited number of specimens of Tephrosia clementii in the Western Australian
Herbarium and limited knowledge of its wider distribution, the conservation significance
of this species may be revised by CALM.

Seventeen species requiring further identification are potentially restricted on Barrow
Island and further studies are required to determine whether these species are restricted
to Barrow Island. Of these 17 species, Lsolepis sp. and Acacia bivenosa (elongate phyllode
variant) were recorded within the proposed development areas. The Iso/epis specimen
does not appear to match any known Iso/epis specimen held in the Western Australian
Herbarium, apart from a specimen recently collected in Perth. Further collections of
Isolepis sp. are necessary to enable positive identification.

Two forms of Acacia bivenosa occur in the proposed development areas, a ‘normal’ variant
and an ‘elongate phyllode’ variant. Further studies of Acacia bivenosa and variants of it on
the island are required to clarify the taxonomic status of this species.

The collection of a new introduced species; Sezaria verticillata on the island, near the
proposed North White’s Beach pipeline corridor warrants further investigation.
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Open Grassland of Spinifex longifolius with low scattered Atriplex isatidea, Myoporum montanum , Euphorbia myrtoides and Salsola
tragus shrubs and herbs on seaward face of white sandy fore dunes.

Low Open Shrubland of Scaevola cunninghamii, Corchorus sp. and Heliotropium glanduliferum over Very Open Grassland of
Spinifex longifolius over scattered Cynanchum floribundum creeper on lower slopes at the base of primary sand dunes.

Grassland of Spinifex longifolius over Low Open Shrubland of Threlkeldia diffusa with scattered Rhagodia preissii subsp. obovata
and Frankenia pauciflora var. pauciflora on ridges and back slopes of white sandy foredunes.

Shrubland to Tall Shrubland of Acacia coriacea over Low Open Shrubland to Open Shrubland of Acacia bivenosa with low
scattered Olearia dampieri subsp. dampieri shrubs over Open Hummock Grassland to Grassland of Triodia angusta on dune
swales, slopes and ridges.

Open Shrubland of Acacia coriacea over Low Open Shrubland of Acacia bivenosa and Pentalepis trichodesmoides with scattered
Acanthocarpus verticillatus over Hummock Grassland of Triodia angusta and Triodia wiseana on red/brown sandy flats.

Shrubland to Tall Shrubland of Acacia coriacea over Low Open Shrubland to Open Shrubland of Acacia bivenosa with low
scattered Olearia dampieri subsp. dampieri shrubs over Open Hummock Grassland to Grassland of Triodia angusta on dune
slopes and ridges.

Low Open Shrubland of Acacia coriacea and Myoporum montanum over Grassland to Hummock Grassland of Spinifex longifolius
with patches of Triodia epactia in swales between dunes.

Low Open Shrubland of Myoporum montanum with Corchorus sp. over Grassland to Hummock Grassland of Spinifex longifolius
with Triodia angusta over scattered Cynanchum floribundum creeper on crest of primary dunes.

Open Shrubland of Acacia coriacea over Low Open Shrubland of Olearia dampieri subsp. dampieri and Acacia bivenosa with
occasional Stylobasium spathulatum over Hummock Grassland of Triodia epactia on sandy dune ridges (over scattered
Heliotropium glanduliferum and Diplopeltis eriocarpa on back of red/brown sandy flats and dunes).

Shrubland of Acacia coriacea over Low Shrubland to Shrubland of Olearia dampieri subsp. dampieri, Stylobasium spathulatum and
Acacia bivenosa over Hummock Grassland of Triodia epactia over low scattered Threlkeldia diffusa herbs in swales between
dunes.

Low Shrubland of Acacia coriacea with Rhagodia preissii subsp. obovata over Very Open Herbland of Threlkeldia diffusa over
Grassland to Hummock Grassland of Triodia epactia and Spinifex longifolius on secondary dune slopes and ridges.

Open Heath of Acacia bivenosa over Low Open Shrubland of Olearia dampieri subsp. dampieri with low scattered Myoporum
montanum and Enchylaena tomentosa var. tomentosa shrubs over Open Hummock Grassland of Triodia epactia on red/brown
sandy flats behind dunes.

Open Shrubland of Trichodesma zeylanicum over Low Open Shrubland of Corchorus sp., Olearia dampieri subsp. dampieri,
Scaevola cunninghamii and Whiteochloa airoides over Open Hummock Grassland of Triodia angusta over Cynanchum floribundum
scattered creepers on upper slope to mid slopes of sandy dunes.

Low scattered Frankenia pauciflora var. pauciflora shrubs with scattered Oldenlandia crouchiana herbs and Cyperus cunninghamii
subsp. cunninghamii sedges on coastal limestone cliffs and in major drainage lines in coastal areas.

Low scattered Pentalepis trichodesmoides , Olearia dampieri subsp. dampieri, Corchorus sp. and Tephrosia rosea shrubs over
Hummock Grassland of Triodia angusta over scattered Cynanchum floribundum creepers on limestone ridges and flats (plateaus).

Very Open Hummock Grassland of Triodia angusta over low scattered Scaevola cunninghamii, Corchorus sp., Frankenia pauciflora
var. pauciflora and Heliotropium glanduliferum scattered herbs and shrubs on lower slopes on limestone.

Low Open Shrubland of Myoporum montanum over Very Open Grassland of Spinifex longifolius with scattered Hummocks of
Triodia epactia over Low Open Shrubland of Frankenia pauciflora var. pauciflora with scattered Heliotropium glanduliferum on flat
sandy swales with occasional limestone outcropping behind primary dunes.

Scattered tall Acacia coriacea shrubs over Low Shrubland to Shrubland of Stylobasium spathulatum and Acacia bivenosa over
Very Open Herbland of Acanthocarpus verticillatus over Closed Hummock Grassland of Triodia angusta with scattered Triodia
wiseana on valley floors and deep gullies. This unit contains occasional Hakea lorea subsp. lorea. Unit also contains areas of

scoured drainage channel in areas of heavy seasonal flow.

Low Open Shrubland of Pentalepis trichodesmoides over Closed Hummock Grassland of Triodia angusta with Triodia epactia at
edges in major drainage lines.

Low Open Shrubland of Pentalepis trichodesmoides over Hummock Grassland of Triodia epactia with patchy Triodia angusta and
Triodia wiseana on lower slopes and broad drainage flats.

Open Shrubland of Stylobasium spathulatum , Pentalepis trichodesmoides with Trichodesma zeylanicum over Closed Hummock
Grassland of Triodia angusta and Triodia wiseana over Low Open Shrubland of Acacia bivenosa and Acacia gregorii in some
locations on lower slopes, drainage flats and wide drainage lines.

Open Shrubland of Acacia pyrifolia over Low Open Shrubland of Stylobasium spathulatum with patchy Petalostylis labicheoides
over Hummock Grassland to Closed Hummock Grassland of Triodia angusta with patchy Triodia wiseana in major drainage lines.
This unit contains occasional Hakea lorea subsp. lorea.

Closed Hummock Grassland of Triodia angusta and Triodia wiseana over low scattered Tephrosia rosea and Indigofera
monophylla shrubs in wide drainage lines.

Scattered tall Trichodesma zeylanicum shrubs over Hummock Grassland of Triodia angusta with Triodia wiseana over Low Open
Shrubland of Tephrosia rosea in disturbed drainage lines.

Low Open Shrubland of Pentalepis trichodesmoides over Closed Hummock Grassland of Triodia epactia and Triodia wiseana over
Low Shrubland of Acacia gregorii in minor creek and drainage lines.

Open Shrubland of Acacia pyrifolia over Low Open Shrubland of Stylobasium spathulatum with patchy Petalostylis labicheoides ,
Acacia gregorii and Acacia bivenosa over Hummock Grassland to Closed Hummock Grassland of Triodia angusta with patchy
Triodia wiseana in minor drainage lines. This unit contains occasional Hakea lorea subsp. lorea.
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Low Open Woodland of Erythrina vespertilio over Low Open Shrubland of Pentalepis trichodesmoides over Hummock Grassland of
Triodia wiseana and Triodia angusta with occasionally emergent Ficus brachypoda on flats with shallow red/brown sands and
emergent limestone.

Low Open Shrubland of Stylobasium spathulatum with scattered Pentalepis trichodesmoides and Senna glutinosa over Hummock
Grassland of Triodia angusta with Triodia epactia over Low Open Shrubland of Diplopeltis eriocarpa on gentle low slopes and flats.

Scattered low Ficus brachypoda trees over scattered low Pentalepis trichodesmoides , Acacia bivenosa, Corchorus sp. , Tephrosia
rosea and Streptoglossa decurrens shrubs over Closed Hummock Grassland of Triodia epactia with Triodia angusta on flats.

Low Open Shrubland of Pentalepis trichodesmoides over mixed Hummock Grassland of Triodia epactia with occasional Triodia
angusta over Low Open Shrubland of Diplopeltis eriocarpa and Acacia gregorii on limestone ridges, slopes and flats.

Scattered low Ficus brachypoda trees over Low Open Shrubland of Pentalepis trichodesmoides over Closed Hummock Grassland
of Triodia angusta over scattered low Corchorus sp., Scaevola cunninghamii and Heliotropium glanduliferum herbs and shrubs on
upper slopes and mid slopes of small limestone rises.

Scattered low Ficus brachypoda trees over low scattered Pentalepis trichodesmoides shrubs over Open Hummock Grassland of
Triodia angusta with Triodia epactia over low scattered Scaevola cunninghamii, Diplopeltis eriocarpa and Acacia bivenosa shrubs
on limestone flats and rises with shallow pale pink sands.

Low Open Shrubland of Acacia bivenosa and Stylobasium spathulatum over Hummock Grassland of Triodia epactia on red/brown
sandy flats.

Scattered low Ficus brachypoda trees over Low Open Shrubland of Pentalepis trichodesmoides over Hummock Grassland of
Triodia epactia with on sandy slopes and flats with occasional limestone outcropping.

Tall Open Shrubland of Acacia coriacea over low scattered Stylobasium spathulatum shrubs over Open Hummock Grassland of
Triodia epactia on light red/brown sandy flats.

Open Shrubland of Trichodesma zeylanicum over low scattered Pterocaulon sphacelatum shrubs over Hummock Grassland of
Triodia epactia on limestone flats with shallow sands.

Low scattered Pentalepis trichodesmoides and Trichodesma zeylanicum shrubs over Hummock Grassland of Triodia wiseana over
Low Open Shrubland of Diplopeltis eriocarpa and scattered Acacia gregorii on limestone slopes.

Scattered low Ficus brachypoda trees over Low Open Shrubland of Pentalepis trichodesmoides over Closed Hummock Grassland
of Triodia wiseana with patches of Triodia angusta on sandy flats.

Open Shrubland of Senna glutinosa over Low Open Shrubland of Pentalepis trichodesmoides and Tephrosea rosea over Closed
Hummock Grassland of Triodia angusta on red/brown sandy flats.

Scattered Hakea lorea subsp. lorea shrubs over Low Scattered Pentalepis trichodesmoides and Trichodesma zeylanicum shrubs
over Closed Hummock Grassland of Triodia epactia and Triodia wiseana on mid slopes and flats.

Low Open Shrubland of Pentalepis trichodesmoides over low scattered Corchorus sp. and Sarcostemma viminale subsp. australe
shrubs over Hummock Grassland of Triodia wiseana on red/brown sandy flats (with pockets of Eriachne mucronata on valley
floors).

Low Open Shrubland to Open Shrubland of Acacia bivenosa, with occasional scattered Pentalepis trichodesmoides , Stylobasium
spathulatum and Acanthocarpus verticillatus shrubs over Hummock Grassland to Closed Hummock Grassland of Triodia wiseana
with occasional Triodia angusta on flats and valley floors.

Scattered tall Hakea lorea subsp. lorea shrubs over Low Open Shrubland of Pentalepis trichodesmoides over low scattered
Tephrosia rosea shrubs over Hummock Grassland of Triodia wiseana on red/brown sandy flats.

Scattered low Ficus brachypoda and Pittosporum phylliracoides trees over low scattered Stylobasium spathulatum and Petalostylis
labicheoides shrubs over Hummock Grassland of Triodia wiseana with occasional Cymbopogon ambiguus, Tephrosia rosea and
Triodia angusta on limestone ridges and upper slopes.

Scattered low Ficus brachypoda trees over low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of Triodia
wiseana on limestone slopes and ridges.

Scattered low Ficus brachypoda over Low Open Shrubland of Acacia bivenosa over Closed Hummock Grassland of Triodia
angusta with Triodia epactia and occasional Triodia wiseana on limestone slopes and ridges.

Hummock Grassland of Triodia wiseana over Low Open Shrubland of Diplopeltis eriocarpa and Heliotropium glanduliferum on
limestone flats (plateau).

Scattered low Ficus brachypoda and Pittosporum phylliraeoides trees (with Mallotus nesophilus) over Hummock Grassland of
Triodia wiseana with patchy Triodia angusta over low scattered Diplotepltis eriocarpa shrubs on limestone slopes and flats.

Scattered low Ficus brachypoda and Pittosporum phylliraeoides trees over Hummock Grassland of Triodia wiseana and patchy
Triodia angusta on limestone slopes and ridges.

Low Open Shrubland of Stylobasium spathulatum with Petalostylis labicheoides over Closed Hummock Grassland of Triodia
angusta with patchy Triodia wiseana over Low Open Shrubland of Acacia gregorii on limestone slopes and ridges.

Low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of Triodia wiseana with Triodia epactia over low
scattered Acacia gregorii and Diplopeltis eriocarpa shrubs on limestone slopes and ridges.

Low scattered Diplopeltis eriocarpa shrubs with scattered Triodia epactia, Cymbopogon ambiguus and Cyperus cunninghamii
subsp. cunninghamii herbs and grasses on small exposed limestone flats.

Low scattered Stylobasium spathulatum and Petalostylis labicheoides shrubs over Low Open Shrubland of Diplopeltis eriocarpa,
Acacia gregorii and Hannafordia quadrivalvis subsp. recurva over Hummock Grassland of Triodia angusta with Triodia wiseana on
limestone ridges.
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Scattered low Ficus brachypoda and Pittosporum phylliraeoides trees over low scattered Pentalepis trichodesmoides and
Trichodesma zeylanicum shrubs over mixed Hummock Grassland of Triodia wiseana, Triodia angusta and Triodia epactia over low
scattered Diplopeltis eriocarpa shrubs on slopes and ridges.

Low scattered Petalostylis labicheoides and Indigofera monophylla shrubs over Hummock Grassland of Triodia wiseana on
limestone ridges and upper slopes.

Low Open Shrubland of Stylobasium spathulatum over Hummock Grassland of Triodia wiseana with Triodia angusta and
Cymbopogon ambiguus over Low Open Shrubland of Diplopeltis eriocarpa on limestone hillslopes.

Low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of Triodia wiseana over low scattered Diplopeltis
eriocarpa shrubs on limestone ridges and flats.

Low Open Shrubland to Low Shrubland of Acacia bivenosa with occasional low scattered Stylobasium spathulatum and Petalostylis
labicheoides shrubs over Hummock grassland of Triodia angusta with occasional Triodia wiseana on limestone slopes, small rises
and flats.

Open Shrubland of Acacia pyrifolia over Low Open Shrubland of Acacia bivenosa with scattered Petalostylis labicheoides and
Stylobasium spathulatum over Hummock Grassland of Triodia wiseana on limestone ridges and midslopes with patches of Triodia
angusta. This unit contains occasional Hakea lorea subsp. lorea.

Scattered tall Hakea lorea subsp. lorea shrubs over low scattered Petalostylis labicheoides shrubs over Hummock Grassland of
Triodia wiseana and Triodia angusta over low scattered Acacia gregorii and Corchorus interstans shrubs on limestone ridges.

Scattered Hakea lorea subsp. lorea shrubs over low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of
Triodia wiseana on red/brown sandy midslopes.

Low Open Shrubland of Grevillea pyramidalis subsp. ?leucadendron and Acacia bivenosa over Hummock Grassland of Triodia
angusta low scattered Acacia gregorii, Scaevola cunninghamii and Heliotropium glanduliferum shrubs and herbs on limestone
midslopes.

Scattered low Ficus brachypoda trees over Low Open Shrubland of Grevillea pyramidalis ?subsp. leucadendron with occasional
Pentalepis trichodesmoides , Trichodesma zeylanicum with scattered Acacia gregorii over Closed Hummock Grassland of Triodia
epactia, Triodia wiseana and Eriachne sp. over Low Open Shrubland of Acacia gregorii on upper slopes and midslopes of small
rises.

Low Open Shrubland of Pentalepis trichodesmoides with Grevillea pyramidalis ?subsp. leucadendron (Grevillea only in eastern
section of community) over Hummock Grassland of Triodia wiseana with patchy Triodia epactia over Low Open Shrubland of
Diplopeltis eriocarpa on mid to upper slopes with red/brown sands and occasional limestone outcropping on rocky rises and slopes.

Low Open Shrubland of Pentalepis trichodesmoides with Indigofera monophylla and scattered Grevillea pyramidalis ?subsp.
leucadendron over Hummock Grassland of Triodia epactia in minor drainage lines.

Low Shrubland of Melaleuca cardiophylla, Stylobasium spathulatum , Pentalepis trichodesmoides , Trichodesma zeylanicum over
Hummock Grassland of Triodia wiseana with Triodia angusta over Low Open Shrubland of Acacia gregorii, Acacia bivenosa shrubs
on rocky limestone ridges, slopes and minor gullies, with occasional pockets of Gossypium robinsonii.

Low Shrubland of Melaleuca cardiophylla over Hummock Grassland of Triodia wiseana with occasional Triodia angusta over low
scattered shrubs to Low Open Shrubland of Acacia gregorii on limestone upper slopes and ridges.

Low Open Woodland of Ficus brachypoda over low scattered Pentalepis trichodesmoides and Sarcostemma viminale subsp.
australe shrubs over Closed Hummock Grassland of Triodia angusta and Triodia wiseana on coastal limestone flats.

Grassland of ? Eriachne flaccida over scattered low Pluchea dunlopii and Streptoglossa decurrens herbs and shrubs on clay pans.
(Community contains scattered emergent Acacia bivenosa and Stylobasium spathulatum shrubs and Triodia angusta at edges).

Low Open Shrubland of Acacia bivenosa with Petalostylis labicheoides over Hummock Grassland of Triodia wiseana with
occasional Triodia angusta over Low Open Shrubland of Acacia gregorii shrubs on limestone midslopes and occasional small rises.
This unit contains some areas of disturbance by fauna.

Low Open Shrubland of Acacia bivenosa with Petalostylis labicheoides over Hummock Grassland of Triodia wiseana and some
Triodia angusta over Low Open Shrubland of Diplopeltis eriocarpa on red/brown sandy flats.

Scattered low Ficus brachypoda and Pittosporum phylliraeoides trees over scattered low Petalostylis labicheoides , Pentalepis
trichodesmoides shrubs over Hummock Grassland of Triodia angusta with patchy Triodia wiseana, Triodia epactia and
Cymbopogon ambiguus on limestone slopes and ridges, with Stylobasium spathulatum at edges on red/brown sandy drainage
flats.

Low Open Shrubland of Acacia bivenosa with low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of
Triodia angusta and Triodia wiseana on limestone slopes and low ridges with occasional Melaleuca cardiophyilla .

Hummock Grassland of Triodia wiseana over Low Open Shrubland of Tephrosia rosea on red/brown sandy flats.

Scattered tall Acacia pyrifolia shrubs over low scattered Petalostylis labicheoides , Acacia bivenosa and Acacia gregorii shrubs over
Hummock Grassland of Triodia wiseana with some Triodia angusta and Cymbopogon ambiguus on red/brown sandy midslopes
and in minor drainage lines with occasional outcropping.

Open Shrubland of Acacia pyrifolia over Low Open Shrubland of Stylobasium spathulatum , Petalostylis labicheoides and Acacia
bivenosa over Closed Hummock Grassland of Triodia wiseana and Triodia angusta over Low Open Shrubland of Acacia gregorii on
limestone slopes. This unit contains occasional Hakea lorea subsp. lorea.

Hummock Grassland of Triodia epactia with occasional Triodia wiseana over Low Open Shrubland Acacia gregorii with Diplopeltis
eriocarpa on gentle slopes and flats.

Low scattered Pentalepis trichodesmoides shrubs over Hummock Grassland of Triodia wiseana over Low Open Shrubland of
Diplopetltis eriocarpa and scattered Acacia gregorii on limestone slopes.
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Scattered Hakea lorea subsp. lorea shrubs over Low Open Shrubland to Low Shrubland of Melaleuca cardiophylla over Hummock
Grassland of Triodia wiseana with patchy Triodia angusta over low scattered Acacia gregorii shrubs on limestone hillslopes and
minor drainage lines.

Low Open Heath of Melaleuca cardiophylla with Acacia bivenosa, Sarcostemma viminale subsp. australe over Hummock
Grassland of Triodia wiseana and Triodia angusta on limestone ridges and slopes.

Scattered Hakea lorea subsp. lorea shrubs over low scattered shrubs to Low Open Shrubland of Melaleuca cardiophylla with
Acacia bivenosa, Stylobasium spathulatum and Pentalepis trichodesmoides over Hummock Grassland of Triodia angusta on flats

and edge of drainage lines.

Scattered low Ficus brachypoda trees over scattered Acacia pyrifolia shrubs over Hummock Grassland of Triodia wiseana on
limestone slopes. This community contains minor drainage lines.

Scattered Acacia pyrifolia shrubs with occasional Hakea lorea subsp. lorea over low scattered shrubs to Low Open Shrubland of
Petalostylis labicheoides and Stylobasium spathulatum , occasional Acacia bivenosa and Acacia gregorii over Hummock Grassland
of Triodia wiseana with patches of Triodia angusta on limestone slopes.

Rocks

Disturbed, cleared, roads.

Disturbed Community D1a drainage areas.

Restricted Area
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Marine

M1 Aquatic Complex supporting stands of
Avicennia marina and Ruppia maritimaon
the fringes of the Island.

Tidal

T1 Halophytic Complex dominated by
Halosarcia halocnemoides and Halosarcia
indica on tidal flats.

T2 Mixed Chenopod and Halophytic Complex
with low Frankenia pauciflora shrubs on
high tide areas usually associated with
stands of Avicennia marina.

Creek or Seasonal Drainage Lines

D1 Mixed Hummock Grassland of Triodlia
angusta with pockets of dense shrubs
along major creek-lines.

D2 Hummock Grassland of Triodia angusta
along minor creek-lines and drainage
lines.

D3 Hummock Grassland of Triodia angusta
along minor creek-line with emrgent
Santalum murrayanum.

Coastal Complex and Dune System

C1 Coastal Complex dominated by Spinifex
longifolius on white fore-dunes; including
Coastal Complex of Ipomoea pes-caprae
ssp. brasiliensis and
Spinifex longifolius on strand line
foredunes.

C2 Open Scrub of Acacia coriacea - Rhagodia
preissii ssp. obovata - Olearia dampieri
ssp. dampieri on elevated dunes on
fringes of Island.

C3 Hummock Grassland of Triodia pungens
with dense shrubs including Acacia
bivenosa on back-slopes of foredunes.

C4 Mixed Hummock Grassland of Triodia
angusta - Triodia pungens with dense
shrubs including Acacia bivenosa on back-
slopes of foredunes.

C5 Low Mixed Shrubland of Frankenia
pauciflora and Hedyotis crouchiana on
exposed cliff faces around edge of Island.

C6 Hummock Grassland of Triodia pungens
with dense pockets of Melaleuca
cardiophylla on sandy valley systems in
south-western corner of Island.

C7 Hummock Grassland of Triodlia pungens
with dense pockets of Olearia dampieri
spp. dampieri on sandy soils behind fore-
dune in south-western
corner of Island.

Clay Pans

S1 Mixed Herbfield and Grassland of
Eragrostis xerophila, Eriachne flaccida
and Sporobolus virginicus on clay pans.

S2 Mixed Herbfields with Streptoglossa
bubakii and Pterocaulon sphacelatumon
fringes of tidal Halophytic areas and
flood channels on clay soils
near coast.

Miscellaneous
BS Bare sand

Flats

F1 Hummock Grassland of Triodia angusta on
red earth flats and drainage lines.

F2 Hummock Grassland of Triodia angusta
with emergent Acacia synchronicia on red
earth flat.

F3 Hummock Grassland of Triodia angusta
with emergent shrubs of Gossypium
robinsonii on red earth flats.

F4 Hummock Grassland of Triodia angusta -
Triodia spp. with emergent pockets of
Erythrina verspertilio on flats.

-¢+<-« 0 0 ENEROD BURU NOL

F5 Mixed Hummock Grassland of Triodia
pungens - Triodia angusta on fringes of
main red earth flats and drainage lines.

F6 Hummock Grassland of Triodia pungens on
slopes of escarpments on fringes of red
earth flats.

F7 Hummock Grassland of Triodia pungens -
Triodia angusta - Triodia wiseana on
slopes of escarpments on fringes of red
earth flats.

Limestone Ridges

L1 Hummock Grassland of Triodia wiseana
with Ficus platypoda var. platypoda on
central limestone ridges.

L2 Hummock Grassland of Triodia wiseana
with Ficus virens var. virens on
escarpments on west coast and southern
edge of limestone ridges.

L3 Hummock Grassland of Triodia wiseana
with low mixed shrubs, including Acacia
gregorii on limestone ridges.

L4 Hummock Grassland of Triodia wiseana
with dense emergent shrubs of Acacia
pyrifolia, Acacia gregoriiand
Petalostylis labicheoides on
limestone ridges.

L5 Hummock Grassland of Triodia wiseana
with emergent Hakea suberea on
limestone ridges.

L6 Hummock Grassland of Triodia wiseana
with emergent Grevillea pyramidalis on
limestone ridges.

L7 Hummock Grassland of Triodia wiseana
with dense pockets of Melaleuca
cardiophylla on limestone ridges.

L8 Hummock Grassland of Triodia wiseana
with pockets of Eucalyptus patellaris
on limestone ridges.

L9 Hummock Grassland of Triodia wiseana -
Triodia angusta with emergent
Sarcostemma viminali spp. australe and
Ficus platypoda var. platypoda on
coastal limestone flats and low ridges with
localised pockets of Frankenia pauciflora.

L10 Hummock Grassland of Triodia pungens -
Triodia augusta with emergentHakea
suberea on exposed small limestone hills on
southern coastal area.

Valley Slopes and Escarpment Slopes

V1 Hummock Grassland of Triodia wiseana
with mixed emergent shrub species on
valley slopes.

V2 Hummock Grassland of Triodia wiseana
with Pentalepis trichodesmoides on
southern escarpment.

Merchant Site
Mattiske Seismic Site 1993A
Mattiske Vegetation Site 1993B

Trudgen Site

Astron Site
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Appendix C1: Flora and Vegetation Technical Report
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Appendix C1: Flora and Vegetation Technical Report

Plate 1 - Non-vascular
species observed on
proposed CO,
Reinjection Pipeline

Plate 2 - C1d Community

Community C1d — Low Open
Shrubland of Scaevola cunninghamii,
Corchorus sp. and Heliotropium
landuliferum over Very Open
Grassland of Spinifex longifolins over
scattered Cynachum floribundum
creeper on lower slopes at the base
of primary sand dunes. Recorded
on the proposed feed gas pipeline

route.

Plate 3 - C2a Community

Community C2a — Shrubland to
Tall Shrubland of Acacia coriacea
over Low Open Shrubland to
Open Shrubland of Acacia bivenosa
with low scattered Olearia danmpierii
subsp. dampierii over Open
Hummock Grassland to Hummock
Grassland of Triodia angusta on
dune swales, slopes and ridges.

. 58
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—

Plate 4 - C2f Community

Community C2f — Open Shrubland
of Acacia coriacea over Low Open
Shrubland of Ofearia dampierii
subsp. dampierii and Acacia bivenosa
with occasional S#ylobasium
spathulatum over Hummock
Grassland of Triodia epactia on
sandy dune ridges (over scattered
Heliotropinm glandulifernm and
Diplopeltis eriocarpa on the back of
red/brown sandy flats and dunes).

Plate 5 - C2g Community

Community C2g — Shrubland of
Acacia coriacea over Low Shrubland
to Shrubland of Olearia dampierii
subsp. dampierii, Stylobasinm
spathulatum and Acacia bivenosa over
Hummock Grassland of Triodia
¢pactia over low scattered Threlkeldia
diffusa herbs in swales between
dunes.

Plate 6 - C3a Community

Community C3a — Open Heath of
Acacia bivenosa over Low Open
Shrubland of Olearia dampierii
subsp. dampierii with low scattered
Myoporum montanum and Enchylaena
tomentosa var. tomentosa over Open
Hummock Grassland of Triodia
¢pactia on red/brown sandy flats
behind dunes

April 2005
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Appendix C1: Flora and Vegetation Technical Report

Plate 7 - C4e Community

Community C4e — Open Shrubland
it Trichodesma zeylanicum over Low
Open Shrubland of Corchorus sp.,
Olearia dampieri subsp. dampieri,
Scaevola cunninghamii and Whiteochloa
airoides over Open Hummock
Grassland of Triodia angusta over
Cynanchum floribundum scattered
creepers on upper slopes to mid
slopes of sandy dunes. Recorded
on the proposed gas pipeline route.

Plate 8 - C5¢ Community

Plate 9 - C5¢ Community

Community C5¢ — Very Open
Hummock Grassland of Triodia
angusta over low scattered Scaevola
cunninghanmi, Corchorus sp.,
Frankenia pauciflora var. pauciflora
and Heliotropium glandulifernm
scattered herbs and shrubs on
lower slopes on limestone.
Recorded on the proposed feed gas
pipeline route.

April 2005
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Appendix C1: Flora and Vegetation Technical Report

Plate 10 - D1a Community

Community D1a — Scattered tall
Acacia coriacea over Low Shrubland
to Shrubland of S#ylbasium
spathulatum and Acacia bivenosa over
Very Open Herbland of
Acanthocarpus verticillatus over Closed
Hummock Grassland of Trisdia
angusta with scattered Triodia wiseana
on valley floors and deep gullies.
This unit contains occasional
Hakea lorea subsp. lorea. It also
contains areas of scoured drainage
channel in areas of heavy seasonal
flow.

Plate 11 - D1c Community

Community D1c — Low Open
Shrubland of Pentalepis
trichodesmoides over Closed
Hummock Grassland of Triodia
angusta with Triodia epactia at edges in
major drainage lines.

Plate 12 - D1d Community

Community D1d — Low Open
Shrubland of Pentalepis
trichodesmoides over Hummock
Grassland of Trivdia epactia with
patchy Triodia angusta and Triodia
wiseana on lower edges of broad
drainage flats.

April 2005
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Plate 13 - Dle Community

Community Dle — Open
Shrubland of S#ylobasinm
spathulatum, Pentalepis trichodesmoides
with Trichodesma zeylanicum over
Closed Hummock Grassland of
Triodia angusta and Triodia wiseana
over Low Open Shrubland of
Acacia bivenosa and Acacia gregorii in
some locations on lower slopes,
drainage flats and wide drainage
lines.

Plate 14 - D1f Community

Community D1f — Open
Shrubland of Acacia pyrifolia over
Low Open Shrubland of S#ylobasium
spathalatum with patchy Petalostylis
labicheoides over Hummock
Grassland to Closed Hummock
Grassland of Triodia angusta with
patchy Triodia wiseana in major
drainage lines. This community
contains occasional Hakea lorea
subsp. /orea and was recorded on
the proposed CO0; reinjection
pipeline route.

Plate 15 - D1f Community

Hakea lorea subsp. lorea recorded
within community D1f on
proposed CO; reinjection pipeline
route.

April 2005
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Flora and Vegetation Technical Report

Plate 16 - D1g Community

Community D1g — Closed
Hummock Grassland of Triodia
angusta and Triodia wiseana over low
scattered Tephrosia sp. and Indigofera
monophylla shrubs in wide drainage
lines. Recorded on the proposed
feed gas pipeline route.

Plate 17 - D2c Community

Community D2c — Tall scattered
Trichodesma geylanicum over
Hummock Grassland of Triodia
angusta with Triodia wiseana over low
Open Shrubland of Tephrosia rosea
in disturbed drainage lines.

Plate 18 - D2d Community

Community D2d — Low Open
Shrubland of Pentalepis
trichodesmoides over Closed
Hummock Grassland of Triodia
angusta and Triodia wiseana over low
shrubland of Acacia gregorii in major
creck and drainage lines.

April 2005
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Plate 19 - D2f Community

Community D2f — Open
Shrubland of Acacia pyrifolia over
Low Open Shrubland of S#ylobasium
spathulatum with patch Petalostylis
labichioides, Acacia gregorii and Acacia
bivenosa over Hummock Grassland
to Closed Hummock Grassland of
Triodia angnsta with patchy Triodia
wiseana in minor drainage lines. This
unit occasionally holds Hakea lorea
subsp. lorea.

Plate 20 - F4a Community

Community F4a — Low Open
Woodland of Erythrina vespertilio
over Low Open Shrubland of
Pentalepis trichodesmoides over
Hummock Grassland of Triodia
wiseana and Triodia angusta with
occasionally emergent Fieus
brachypoda on flats with shallow
red/brown sands and emergent
limestone. Recorded on the
proposed CO; reinjection pipeline
route.

Plate 21 - F5a Community

Community F5a — Low Open
Shrubland of S#ylobasium spathulatum
with scattered Pentalepis
trichodesmoides and Senna glutinosa
ovre Hummock Grassland of
Triodia angusta with Triodia epactia
over Low Open Shrubland of
Diplopeltis eriocarpa on gentle low
slopes and flats.

April 2005
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Plate 22 - F5b Community

Community F5b — Scattered Low
Trees of Ficus brachypoda over
scattered low Pentalepis
trichodesmoides, Acacia bivenosa,
Corchorus sp. Tephrosea rosea and
Streptoglossa decurrens over Closed
Hummock Grassland of Triodia
¢pactia with Triodia angusta on flats.

Plate 23 - F5c Community

Community F5¢ — Low Open
Shrubland of Pentalepis
trichodesmoides over mixed
Hummock Grassland of Triodia
epactia with occasional Triodia
angusta over Low Open Shrubland
of Diplopeltis erivcarpa and Acacia
gregordi on limestone ridges, slopes
and flats.

Plate 24 - F5e Community

Community F5e — Scattered low
trees of Ficus brachypoda over
scattered low shrubs of Pentalepis
trichodesmoides, Scaevola cunninghamii,
Acacia bivenosa and Diplopeltis
eriocarpa over Open Hummock
Grassland of Triodia angusta with
Triodia epactia on limestone flats
with shallow pale pink sands.

April 2005
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Plate 25 - F6a Community

Community F6a — Low Open
Shrubland of Acacia bivenosa and
Stylobasinm spathulatum over
Hummock Grassland of Triodia
¢pactia on red/brown sandy flats.

Plate 26 - F6b Community

Community F6b — Scattered low
trees of Ficus brachypoda over Low
Open Shrubland of Pentalepis
trichodesmoides over Hummock
Grassland of Triodia epactia on
sandy slopes and flats with
occasional limestone outcropping.

Plate 27 - F6d Community

Community F6d — Open
Shrubland of Trichodesma eylanicum
over low scattered Prerocanlon
sphacelatum shrubs over Hummock
Grassland of Triodia epactia on
limestone flats with shallow sands.

April 2005
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Plate 28 - F7a Community

Community F7a — Scattered low
shrubs of Pentalepis trichodesmoides
and Trichodesmoides zeylanicum over
Hummock Grassland of Triodia
wiseana over Low Open Shrubland
of Diplopeltis eriocarpa and scattered
Acacia gregorii on limestone slopes.

Plate 29 - F7b Community

Community F7b - Scattered low
trees of Ficus brachypoda over Low
Open Shrubland of Pentalepis
trichodesmoides over Closed
Hummock Grassland of Triodia
wiseana with patches of Triodia
angusta on sandy flats.

Plate 30 - F7d Community

Community F7d — Scattered
shrubs of Hakea lorea subsp. lorea
over low scattered shrubs of
Pentalepis trichodesmoides and
Trichodesma geylanicum over Closed
Hummock Grassland of Triodia
epactia and Triodja wiseana on mid-
slopes and flats.

April 2005
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Plate 31 - F7e Community

Community F7e — Low Open
Shrubland of Pentalepis
trichodesmoides over scattered low
shrubs of Corchorus sp. and
Sarcostemma viminale subsp. australe
over Himmock Grassland of
Triodia wiseana on red /brown sandy
flats (with pockets of Eriachne
mucronata on valley floors).

Plate 32 - L1a Community

Community LL1a — Scattered low
trees of Ficus brachypoda and
Pittosporum phylliraeoides over
scattered low shrubs of S#ylobasium
spathulatum and Petalostylis labichiodes
over Hummock Grassland of
Triodia wiseana (Triodia angusta) with
occasional Cymbaopogon ambiguns and
Tephrosia rosea on limestone ridges
and upper slopes.

Plate 33 - L1b Community

Community L1b - Scattered low
trees of Ficus brachypoda over
scattered low shrubs of Pentalepis
trichodesmoides over Hummock
Grassland of Triodia wiseana on
limestone slopes and ridges.

April 2005
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Plate 34 - L1c Community

Community L1c Scattered low trees
of Ficus brachypoda over Low Open
Shrubland of Acacia bivenosa over
Closed Hummock Grassland of
Triodia angusta (Triodia epactia,
T.wiseana) on limestone slopes and
ridges.

Plate 35 - L1d Community

Community .1d — Hummock
Grassland of Triodia wiseana over
Low Open Shrubland of Diplopeltis
eriocarpa and Heliotropinm
landulifernm on limestone flats

(plateau).

Plate 36 - Lle Community

Community Lle — Scattered low
trees of Ficus brachypoda and
Pittosporum phylliracoides (Mallotns
nesophilus) over Hummock
Grassland of Triodia wiseana (Triodia
angusta) over scattered low shrubs
of Diplopeltis eriocarpa on limestone
slopes and flats.

April 2005

69



Appendix C1: Flora and Vegetation Technical Report

Plate 37 - L1f Community

Community L1f — Scattered low
trees of Ficus brachypoda and
Pittosporum phylliraeoides over
Hummock Grassland of Triodia
wiseana (Triodia angusta) on
limestone slopes and ridges.

Plate 38 - L3b Community

Community L3b — Scattered low
shrubs of Pentalepis trichodesmoides
over Hummock Grassland of
Triodia wiseana (Triodia epactia) over
scattered low Acacia gregorii,
Diplopeltis eriocarpa on limestone
slopes and ridges.

Plate 39 - L3c Community

Community L3¢ — Low scattered
Diplopeltis eriocarpa shrubs with
scattered Cymbopogan antbiguus,
Triodia epactia and Cyperus
cunninghamiz subsp. cunninghamii
herbs and grasses on small exposed
limestone flat. Recorded on the
proposed alternate North White’s
Beach pipeline route.

April 2005
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Plate 40 - L3d Community

Community 1.3d — Scattered low
shrubs of Stylobasium spathulatum,
Petalostylis labichivides over Low
Open Shrubland of Diplopeltis
eriocarpa, Acacia gregorii and
Hannafordia gunadrivalvis subsp.
recurva over Hummock Grassland
of Triodia angusta (Triodia wiseana) on
limestone ridges.

Plate 41 - L3e Community

Community L3e — Scattered low
trees of Ficus brachypoda, Pittosporum
Phylliraeoides over scattered low
shrubs of Pentalepis trichodesmoides,
Trichodesma zeylanicum over mixed
Hummock Grassland of Triodia
wiseana, 1. angusta and T. epactia over
scattered low shrubs of Diplopeltis
eriocarpa on slopes and ridges.

Plate 42 - L3f Community

Community L3f — Scattered low
shrubs of Petalostylis labichioides,
Indigofera monophylla over Hummock
Grassland of Triodia wiseana on
limestone ridges and upper slopes.

April 2005
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Plate 43 - L3g Community

Community .3g — Low Open
Shrubland of S#ylobasium spathulatum
over Hummock Grassland of
Triodia wiseana (Triodia angusta) and
Cymbopogon anbiguns over Low Open
Shrubland of Diplopeltis erivcarpa on
limestone hillslopes.

Plate 44 - L3h Community

Community L3h — Scattered low
shrubs of Pentalepis trichodesmoides
over Hummock Grassland of
Triodia wiseana over scattered low
shrubs of Diplopeltis eriocarpa on
limestone ridges and flats.

Plate 45 - L3i Community

Community I.31 — Low Open
Shrubland to Low Shrubland of
Acacia bivenosa with occasional
scattered low shrubs of S#ylobasium
spathulatum, Petalostylis labichioides
over Hummock Grassland of
Triodia angusta (Triodia wiseana) on
limestone slopes, small rises and
flats.
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Plate 46 - L4a Community

Community I.4a — Open
Shrubland of Acacia pyrifolia over
Low Open Shrubland of Acacia
bivenosa with scattered Petalostylis
labichioides, Stylobasium spathulatum
over Hummock Grassland of
Triodia wiseana (Triodia angusta) on
limestone ridges and mid-slopes.
This unit also contains occasional
Hakea lorea subsp. lorea.

Plate 47 - L5b Community

Plate 48 - L5b Community

Community L.5b — Scattered Hakea
lorea subsp. lorea shrubs over low
scattered Pentalepis trichodesmoides
shrubs over Hummock Grassland
of Triodia wiseana on red/brown
sandy midslopes. Recorded on
proposed CO: reinjection pipeline
route.
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Plate 49 - L6a Community

Community I.6a — Low Open
Shrubland of Grevillea pyramidalis
subsp. Zlencadendron and Acacia
bivenosa over Hummock Grassland
of Trivodia angusta over low scattered
Acacia gregorii, Scaevola cunninghamii
and Heliotropium glandulifernm shrubs
and herbs on limestone midslopes.
Recorded south of proposed gas
processing facility.

Plate 50 - L6b Community

Community LL6b — Scattered low
trees of Ficus brachypoda over Low
Open Shrubland of Grevillea
pyramidalis ?subsp. lencadendron with
occasional Pentalepis trichodesmoides
and Trichodesma zeylanicnm over
closed Hummock Grasssland of
Triodia epactia, Triodia wiseana and
Eriachne sp. over Low Open
Shrubland of Acacia gregorii on
upper slopes and midslopes of
small rises. Recorded on proposed
North White’s Beach pipeline

route.

Plate 51 - L6c Community

Community L6c — Low Open
Shrubland of Pentalepis
trichodesmoides (with Grevillea
pyramidalis subsp. lencadendron in
eastern parts) over Hummock
Grassland of Triodia wiseana (T.
epactia) over Low Open Shrubland
of Diplopeltis eriocarpa on rocky mid-
to upper slopes with red/brown
sands and occasional limestone
outcropping.
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Plate 52 - L6d Community

Community 1.6d — Low Open
Shrubland of Pentalepis
trichodesmoides with Indigofera
monophylla and scattered Grevillea
pyramidalis Psubsp. lencadendron over
Hummock Grassland of Trivdia
¢pactia in minor drainage lines.
Recorded on proposed North
White’s Beach pipeline route.

Plate 53 - L7a Community

Community I.7a — Low shrubland
of Melalenca cardiophylla, Stylobasinm
spathulatum, Pentalepis trichodesmoides,
Trichodesma geylanicum, Acacia
bivenosa (occasional pockets of
Gossypinm robinsonii) over
Hummock Grassland of Triodia
wiseana (Triodia angusta) over Low
Open Shrubland of Acacia gregorii
on rocky limestone ridges, slopes
and minor gullies.

Plate 54 - L7b Community

Community .7b — Low Shrubland
of Melalenca cardiophylla over
Hummock Grassland of Trivdia
wiseana with occasional Triodia
angusta over low scattered shrubs to
Low Open Shrubland of Acacia
gregorii on limestone upper slopes

and ridges.
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Plate 55 - Sla Community

Community Sla — Grassland of
Eriachne flaccida (Southern Pilbara-
Carnarvon Coastal Form) over
Scattered Low Pluchea dunlopii and
Streptoglossa decurrens herbs and
shrubs on clay pans. (Community
contains scattered emergent Acacia
bivenosa and Stylobasinm spathulatum
shrubs and Triodia angusta at edges).
Recorded on the proposed CO»
reinjection pipeline route.

Plate 56 - Vla Community

Community V1a — Low Open
Shrubland of Acacia bivenosa,
Pentalepis trichodesmoides over
Hummock Grassland of Triodia
wiseana (Triodia angusta) over Low
Open Shrubland of Acacia gregorii
on limestone midslopes and
occasional small rises.

Plate 57 - Vb Community

Community V1b — Low Open
Shrubland of Acacia bivenosa,
Petalostylis labichioides over
Hummock Grassland of Triodia
wiseana (Triodia angusta) over Low
Open Shrubland of Diplopeltis
ertocarpa on red/brown sandy flats.

April 2005

76



Appendix C1: Flora and Vegetation Technical Report

Plate 58 - Vlc Community

Community Vlc — Scattered Low
trees of Ficus brachypoda, Pittosporum
phylliracoides over scattered low
shrubs of Petalostylis labichioides,
Pentalepis trichodesmoides over
Hummock Grassland of Triodia
angusta (Triodia wiseana, Triodia
epactia) with occasional Cymbopogon
ambignus tussocks, on limestone
slopes and ridges or with
Stylobasium spathulatum at edges on
red/brown sandy drainage flats.

Plate 59 - V1d Community

Community V1d — Low Open
Shrubland of Acacia bivenosa with
scattered low shrubs of Pentalepis
trichodesmoides and occasional
Melalenca cardiophylla over
Hummock Grassland of Triodia
angusta, T. wiseana on limestone
slopes and low ridges.

Plate 60 - V1f Community

Community V1f — Hummock
Grassland of Triodia wiseana over
Low Open Shrubland of Tephrosia
rosea on red/brown sandy flats.
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Plate 61 - Vlg Community

Community V1g — Scattered tall
shrubs of Acacia pyrifolia over
scattered low shrubs of Petalostylis
labichioides, Acacia bivenosa and Acacia
gregorii over Hummock Grassland
of Triodia wiseana with some Triodia
angusta and Cymbopogon ambiguns on
red/brown sandy midslopes and in
minor drainage lines with
occasional outcropping.

Plate 62 - Vlh Community

Community V1h — Open
Shrubland of Acacia pyrifolia over
low Open Shrubland of Stylobasinm
spathulatum, petalostylis labichioides and
Acacia bivenosa over Closed
Hummock Grassland of Triodia
wiseana, I. angusta over low Open
Shrubland of Acacia gregorii on
limestone slopes. This unit may
contain occasional Hakes lorea
subsp. lorea.

Plate 63 - V1i Community

Community V1i — Hummock
Grassland of Trivdia epactia (Triodia
wiseana) over low Open Shrubland
of Acacia gregorii and Diplopeltis
eriocarpa on gentle slopes and flats.
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Plate 64 - V1j Community

Community V1j — Scattered low
shrubs of Pentalepis trichodesmoides
over Hummock Grassland Triodia
wiseana over Low Open Shrubland
of Diplopeltis eriocarpa and scattered
Acacia gregorii on limestone slopes.

Plate 65 - V1k Community

Community V1k — Scattered
shrubs of Acacia pyrifolia and
occasional Hakea lorea subsp. lorea
over Low Open Shrubland to
Shrubland of Melalenca cardiophylla
over Hummock Grassland of
Triodia wiseana (Triodia angusta) over
scattered low shrubs of Acacia
gregordi on limestone hilltops and
minor drainage lines.

Plate 66 - VIm Community

Community VIm — Low Open
Heath of Melaleuca cardiophylla with
Sarcostemma viminale subsp. australe
over Hummock Grassland of
Triodia wiseana, T. angusta on
limestone ridges and slopes.
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Plate 67 - V3a Community

Community V3a — Scattered low
trees of Ficus brachypoda over
scattered shrubs of Acacia pyrifolia
over Hummock Grassland of
Triodia wiseana on limestone slopes
and minor drainage lines.

Plate 68 - V3b Community

Community V3b — Scattered
shrubs of Acacia pyrifolia with
occasional Hakea lorea subsp. lorea
over scattered low shrubs to Low
Open Shrubland of Pezalostylis
labichiodes, Stylobasinm spathulatum,
occasional Acacia bivenosa and Acacia
gregorii over Hummock Grassland
of Triodia wiseana (Triodia angusta) on
limestone slopes.

Plate 69 - Intertidal
Community

Intertidal mangrove vegetation
consisting of Avicennia marina
subsp. Peucalyptifolia, Bruguiera
exaristata and Rhizophora stylosa.
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Plate 70 - Intertidal
Community

Intertidal vegetation included atreas
of samphires consisting of a Low
Shrubland of Halosarcia halocnemoides
subsp. fenuis, Halosarcia indica and
Suaeda arbusculoides.

Plate 71 — Unvegetated
Tidal Flats

Unvegetated tidal flats.

Plate 72 — Pipeline
Vegetation

A Grassland of Trodia epactia and
?Cenchrus sp. with Eragrostis dielsii
and Eragrostis falcata with
occasionally emergent Acacia
Sfarnesiana, Acacia trachycarpa,
Lawrencia viridigrisea and Neobassia
astrocarpa shrubs on raised red earth
mounds.
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Plate 73 — Pipeline
Vegetation

A Low Open Shrubland including
Acacia sp. over Grassland including
Dicanthinm sericenm sabsp. bumilius,
Eriachne flaccida, Aristida holathera var
holathera and Eriachne dimorpantha
over a Very Open Herbland
including Rhynchosia minima and
Neptunia dimorpantha on red earth
flats.

Plate 74 — Pipeline
Vegetation

An Open Shrubland to Tall Open
Shrubland of Acacia trachycarpa,
Acacia ancistrocarpa, Acacia elachantha,
Acacia victioriae and Acacia
xiphophylla over a Grassland of
Triodia epactia and ?Cenchrus sp. over
mixed herb species on red sandy
flats. This community was recorded
at the eastern end of the proposed
mainland pipeline site, near the
existing compressor station
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Attachment E: Aplin’s (1979) modification of Specht’s (1970) vegetation

classification by Trudgen (2002)

Life Form and Height

Projective Foliage
Cover of tallest
stratum as %

Description of tallest stratum

Trees over 30 metres 70-100 High closed forest
30-70 High open Forest
10-30 High woodland
2-10 High open woodland
under 2 Scattered tall trees
Trees 10-30 metres 70-100 Closed forest
30-70 Open forest
10-30 Woodland
2-10 Open Woodland
under 2 Scattered trees
Trees under 10 metres 70-100 Low closed forest
30-70 Low open forest
10-30 Low woodland
2-10 Low open woodland
under 2 Scattered low trees
Shrubs over 2 metres 70-100 Closed scrub
30-70 Open scrub
10-30 High shrubland
2-10 High open shrubland
under 2 Scattered tall shrubs
Shrubs 1-2 metres 70-100 Closed heath
30-70 Open heath
10-30 Shrubland
2-10 Open shrubland
under 2 Scattered shrubs
Shrubs under 1 metre 70-100 Low closed heath
30-70 Low open heath
10-30 Low shrubland
2-10 Low open shrubland
under 2 Low scattered shrubs
Herbs/Sedges/Grasses 70-100 Closed herb, sedge, grassland
30-70 Herb, sedge, grassland
10-30 Open herb, sedge, grassland
2-10 Very open herb, sedge, grassland
under 2 Scattered herb, sedges, grasses

Note: ‘Tall’ substituted for ‘High’ in vegetation descriptions used for the proposed
Gorgon development areas survey 2003, 2004
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