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I Abbreviations and definitions

°C degrees Centigrade

AC Alternating Current

AFFF Aqueous Film Forming Foam

AFMA Australian Fisheries Management Authority

AFU Air Flotation Unit

AFZ Australian Fishing Zone

AHTS Anchor Handling Transport Supply

AHU Air Handling Unit

AIS Automatic Identification System

ALARP As Low as Reasonably Practicable

AMOSC Australian Marine Qil Spill Centre

AMSA Australian Maritime Safety Authority

ANZECC Australian and New Zealand Environment and Conservation Council
APASA Asia-Pacific ASA

API American Petroleum Institute

APPEA Australian Petroleum Production and Exploration Association
ARMCANZ Agriculture and Resources Management Council of Australia and New Zealand
ASTM American Society for Testing and Materials

AusSAR Australian Search and Rescue

AUV Autonomous Underwater Vehicle

bbl Barrels

BOM Bureau of Meteorology

Bonn Convention Convention on the Conservation of Migratory Species of Wild Animals 1979
BOP Blowout Preventer

Bqg Becquerel

CALM Buoy Catenary Anchor Leg Mooring Buoy

CAMBA Chinese Australia Migratory Birds Agreement

CCR Central Control Room

CEE Catastrophic Environmental Event

CFEA Credible Fire and Explosion Analysis

CFT Critical Function Test

CFU Compact Flotation Unit

CGS Concrete Gravity Structure

CHARM Chemical Hazard and Risk Management

CP Cathodic Potential

cSt centi Stokes
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CT Coiled Tubing

CTD Conductivity, Temperature and Depth

DAWE Department of Agriculture, Water and the Environment

dB decibels

DC Direct Current

DEC Department of Environment and Conservation

DWER Department of Water and Environmental Regulation

DEWHA Department of Environment, Water, Heritage and the Arts (now Department of Agriculture,

Water and the Environment)

DMIRS Department of Mines, Industry Regulation and Safety (formerly DMP)

DoF Department of Fisheries

DolR Department of Industry and Resources

DoT Department of Transport

DBCA Department of Biodiversity, Conservation and Attractions (formerly DPaW)

DRA Deviation Risk Assessment

DSEWPaC Department of Sustainability, Environment, Water, Population and Communities (now

Department of Agriculture, Water and the Environment)

DTA Direct Toxicity Assessment

EL Electric Line

EMBA Environment that May Be Affected

EP Environment Plan

EPA Environmental Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999
EPIP Act Environment Protection Impact of Proposals Act 1974
ERP Emergency Response Plan

ESD Emergency Shutdown

ESDV Emergency Shutdown Valve

ESP Electrical Submersible Pumps

F&G Fire and Gas

FHA Floating Hose Assembly

FMD Flooded Member Detection

FPSO Floating Production, Storage and Offloading
FSO Floating Storage and Offloading

g/mL grams per millilitre

GHG Global Greenhouse Gas

GLC Gas Lift Compressor

GLV Gas Lift Valve

HAZOP Hazard and Operability Study

HFO Heavy Fuel Qil

HQ Hazard Quotient
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HSE Health, Safety and Environment

HSES Health Safety, Environment and Security

HSE MS Health, Safety and Environment Management System

HV High Voltage

HVAC Heating, Ventilation and Air Conditioning

HWO Hydraulic Workover

Hz, kHz hertz, kilohertz

IAP Incident Action Plan

IBC Intermediate Bulk Container

IC Incident Commander

ICT Incident Command Team

ID Inner Diameter

I1SO International Organization for Standardisation

ISFU Inducted Static Flotation Unit

IWC International Whaling Commission

JAMBA Japan Australia Migratory Birds Agreement

JSA Job Safety Analysis

KCl potassium chloride

KEF Key Ecological Feature

kg kilogram

km, km/hr kilometre, kilometres per hour

kPa kilopascals

KPI Key Performance Indicator

L litre

LAT Lowest Astronomical Tide

LNG Liquefied Natural Gas

LOEC Lowest Observed Effect Concentration

LOR Limit of Reporting

LP Low Pressure

LV Low Voltage

m, m3, mm metre, cubic metre, millimetre

MAE Major Accident Event

MARPOL International Convention for the Prevention of Pollution from Ships

MCS Monitoring and Control System

MIC Microbiologically Influenced Corrosion

MoC Management of Change

Mooring master The suitably qualified person appointed by VOGA to advise and direct the tanker Master and
officers on all operations at the Wandoo terminal. VOGA representative to carry out duties
under the provisions of these regulations and conditions and gazetted by the Western
Australian Department of Marine and Harbours under the Shipping and Pilotage Act 1967.
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MODU Mobile Offshore Drilling Unit

MOU Memorandum of Understanding

MSL Mean Sea Level

NATA National Association of Testing Authorities

SIMA Net Environmental Benefit Analysis

NES National Environmental Significance

NGER Act National Greenhouse and Energy Reporting Act 2007

nm nautical miles

NOEC No Observed Effect Concentration

NOPSEMA National Offshore Petroleum Safety and Environmental Management Authority

NORM Naturally Occurring Radioactive Material

NPI National Pollutant Inventory

NWS North West Shelf

OCNS Offshore Chemical Notification Scheme

oD Outer Diameter

OoDSs Ozone Depleting Substances

OHSAS Occupational Health and Safety Assessment Series

ow Oil in Water

OPEP Qil Pollution Emergency Plan

OPGGSA Offshore Petroleum and Greenhouse Gas Storage Act 2006

OPGGS(E)R Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
OPP QOil Pollution Plan

OPRC 90 Convention on Oil Pollution Preparedness, Response and Cooperation 1990

OSCA Qil Spill Control Agents (Register)

OScCP Qil Spill Contingency Plan

OSPAR Oslo and Paris Conventions

OSRL Qil Spill Response Ltd

OSTM Qil Spill Trajectory Modelling

P(SL)A State Petroleum (Submerged Lands) Act

PA Public Address

PAH Polycyclic Aromatic Hydrocarbon

PDG Permanent Down-hole Gauge

PDU Product Distribution Unit

PFW Produced Formation Water

PLEM Pipelines End Manifold

PLONOR Pose Little or No Risk to the Environment

PMSD Protected Matters Search Database

PPE Personal Protective Equipment

ppm parts per million
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PSD Process Shutdown

PWTS Produced Water Treatment System

ROKAMBA Republic of Korea Australia Migratory Bird Agreement

ROV Remotely Operated Vehicle

RSDV Riser Shutdown Valves

RT Rotary Table

scf standard cubic feet

SDS Safety Data Sheets

SbvV Shutdown Valve

SES State Emergency Service

SHA Submarine Hose Assembly

SIMOPS Simultaneous Operations

SL Slick Line

SMPEP Shipboard Marine Pollution Emergency Plan

SOPEP Shipboard Oil Pollution Emergency Plan

SOuUV Statement of Outstanding Universal Value

SPM Single Point Mooring

SSSV Sub-Surface Safety Valve

t tonne

TD total depth

THPS Tetrakis (hydroxmethyl) phosponium sulphate

TIE Toxicity Identification Evaluation

TMS Tether Management System

TOC Total Organic Carbon

ToR Terms of Reference

TPH Total Petroleum Hydrocarbon

TR Temporary Refuge

TRFC Tubing Retrievable Flow Control

TRH Total Recoverable Hydrocarbons

TSS Total Suspended Solids

TVD True Vertical Depth

ug Micro-grams

UHF Ultra-High Frequency

UPS Uninterruptible Power Supply

VDU Visual Display Unit

VHF Very High Frequency

VOGA Vermilion Qil & Gas Australia Pty Ltd

WA Western Australia

WAF Water Accommodated Fraction
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WAFIC Western Australian Fishing Industry Council

WAV Wellhead Actuated Valve

WET Whole Effluent Toxicity

WestPlan WA Marine Pollution Contingency Plan

WHA World Heritage Area

WNA Wandoo A

WNB Wandoo B
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I 1. Introduction

1.1 Background

Vermilion Oil & Gas Australia Pty Ltd (VOGA) is the licensed permit holder of production licence
area WA-14L, which contains the Wandoo Production Facility (Wandoo Facility). The Permit Area
is located within Commonwealth waters in the Carnarvon Basin off the northwest coast of
Western Australia (WA), approximately 80km northwest of Dampier and 110km northeast of
Barrow Island.

VOGA has been operating in the Permit Area since 2005. This Environment Plan (EP) applies to the
operation of the Wandoo Facility (the activity), comprising:

e Wandoo A (unmanned monopod; WNA) where oil is produced, and transported through a
flowline to the Wandoo B (WNB) platform;

e Two subsea flexible flow lines connect the oil storage facility [Concrete Gravity Structure
(CGS)] at WNB to a Catenary Anchor Leg Mooring (CALM) Buoy;

e A floating hose to transfer the oil from the CALM Buoy to export tankers moored to the CALM
Buoy; and

e Supply vessels, work vessels and helicopters supporting, facility logistics, maintenance and
provisioning within the field.

The activities undertaken at the Wandoo Facility are further discussed in Section 2.

1.2 Environment Plan Summary

An EP summary will be prepared based on the material provided in this EP. Table 1-1 summarises
the content that will be provided within the EP summary, as required by Regulation 11(4) of the
OPGGS(E)R.

Table 1-1: EP summary requirements

EP Summary material requirement Relevant section of this EP containing EP
Summary material

The location of the activity Section 2.2

A description of the receiving environment Section 4

A description of the activity Section 2

Details of the environmental impacts and risks Section 6

The control measures for the activity Section 6

The arrangements for ongoing monitoring of the titleholder’s | Section 7.13
environmental performance

Response arrangements in the oil pollution emergency plan |Section 7.10
Qil Pollution Emergency Plan (WAN-2000-
RD-0001.02) included with EP submission

Consultation already undertaken and plans for ongoing Section 9
consultation
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1.3

1.4

141

EP Summary material requirement Relevant section of this EP containing EP
Summary material

Details of the titleholders nominated liaison person for the Section 1.3
activity

The Proponent

VOGA is the titleholder of production licence WA-14-L, which contains the Wandoo Production
Facilities (WPF). VOGA is a wholly owned subsidiary of Vermilion Energy Inc., a Canadian-based oil
and gas exploration and production company. VOGA acquired operatorship of the permit at the
beginning of 2005 after purchasing the share of the permit from the previous operator,
ExxonMobil.

VOGA titleholder details are:

Bruce Lake

Managing Director

Vermilion Oil & Gas Australia Pty Ltd

Australian Company Number (ACN): 113 023 591
Level 5, 30 The Esplanade

Perth, Western Australia 6000

Phone: +61 (08) 9215 0300

Fax: +61 (08) 9215 0333

Email: info.australia@vermilionenergy.com

VOGA's titleholder nominated liaison person details are:

Namek Jivan

Health, Safety & Environment Manager

Level 5, 30 The Esplanade

Perth, Western Australia 6000

Phone: +61 (08) 9215 0300

Fax: +61 (08) 9215 0333

Email: voga.environment@vermilionenergy.com

Scope and purpose of the Environment Plan

Scope and Purpose

The purpose of this EP is to document the potential environmental impacts and risks and planned
mitigation measures associated with the operation of the Wandoo facilities. This EP is limited to
the hydrocarbon well production, process, storage and export activities, and supporting
operations and maintenance activities conducted within the Permit Area (WA-14L).

The activities covered in this EP include platform-based well activities not utilising a drilling rig
(well intervention, de-completion, side-tracking and recompletion) associated with existing wells.

The Operational Area (also termed the Wandoo Field) for the activities outlined in Section 2 of
this EP is defined as the area within the existing Petroleum Safety Zone (PSZ) within the Permit
Area of WA-14-L around the Wandoo facility infrastructure.
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14.2

1.5

Activities excluded from the scope of this EP are:
e Development or exploration drilling activities;

e Vessel operations within Port Boundaries or State waters given they are managed under the
Shipping and Pilotage Act 1967 (WA) as administered by the relevant Port Authority under the
Port Authorities Act 1999 (WA);

e Vessel operations within Commonwealth waters outside of the Operational Area given they
are managed under the Navigation Act 2012 as administered by the Australian Maritime
Safety Authority (AMSA); and

e Aviation activities given they are managed under the Civil Aviation Act 1988 and Civil Aviation
Regulation 1998 as administered by the Australian Civil Aviation Safety Authority (CASA).

The EP details the arrangements in place for ensuring that the potential environmental impacts
and risks associated with well construction activities are reduced to As Low As Reasonably
Practicable (ALARP) and are of an acceptable level.

This EP has been prepared in accordance with requirements of the Offshore Petroleum
Greenhouse Gas Storage (Environment) Regulations 2009 (OPGGSI[E]R).

The implementation strategy contained in this EP will ensure that operations comply with all
statutory requirements and the requirements of the VOGA Health, Safety and Environment
Management System (HSE MS). The EP has been prepared to address Wandoo operational
activities for the next five years. The Health, Safety and Environment (HSE) Manager is responsible
for distributing it to relevant parties, i.e. contractors and NOPSEMA.

VOGA regularly maintain and update the EP as required based on operational needs and activities.
All changes that impact the EP will trigger a review to determine if a formal revision is required.
Any significant departure from the activity, environment, risks, control measures etc. detailed in
the EP, will be identified, and revision and resubmission of the EP will be carried out in accordance
with Regulation 17 of the OPGGS(E)R.

Appendix 1 illustrates how this EP addresses each of the key requirements for the content of an
EP ensuring fulfilment of Divisions 2.2A and 2.3 of the OPGGS(E)R.

This revision

This revision of the Wandoo Facility EP constitutes a resubmission under sub-regulation 17(5) of
the OPGGS(E) Regulations 2009, triggered by a proposed change to produced formation water
discharge volumes.

This EP constitutes a five-yearly revision and resubmission under sub-regulation 19 of the
OPGGS(E) Regulations 2009.

Corporate environmental performance philosophy

VOGA is committed to minimising the adverse environmental impacts of its operations and to
meeting all regulatory requirements associated with those operations. As stated in the Company
Health, Safety and Environment (HSE) Policy, VOGA will:
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accept responsibility and accountability for providing leadership, visible commitment,
direction and resources to meet HSE performance targets;

e maintain a strong HSE MS to identify and manage risks;

e integrate HSE into business objectives;

e make a positive contribution to the protection of the environment in which it operates;
e respond promptly and effectively to emergencies;

e focus on continual improvement in HSE performance; and

e communicate openly and fairly on a timely basis with fellow employees and contractors, the
public, governments, management and other stakeholders.

A copy of the VOGA HSE Policy is included in Appendix 2.

1.6 Applicable legislation and codes

1.6.1 Overview

This section details the requirements that apply to the activity including relevant legislation,
codes, other approvals and conditions. The Commonwealth Offshore Petroleum and Greenhouse
Gas Storage Act 2006 (OPGGSA) controls petroleum activities. The OPGGS(E)R stipulates the
requirements for EPs to ensure that petroleum activities are carried out in an acceptable manner.
VOGA carries out a review of applicable legislation each year.

The Operational Area lies within Commonwealth waters. Commonwealth legislation and other
requirements relevant to the activity area including relevant international conventions are
described in Table 1-2.

This EP considers the impacts to matters of national environmental significance (MNES) protected
under Part 3 of the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).
Table 1-3 summarises relevant species conservation advices and recovery plans used by the
Department of Agriculture, Water and the Environment (DAWE).

1.6.2 Western Australian legislation

Whilst the scope of this activity is limited to the Operational Area within Australian
Commonwealth waters, there are State legislative requirements relevant to potential oil spill
response activities in State jurisdiction.

Table 1-4 summarises the principal Western Australian legislative requirements relevant to spill
response activities in State jurisdiction.

1.6.3 Codes of Practice

The Australian Petroleum Production and Exploration Association (APPEA) Code of Environmental
Practice is the most relevant Code of Practice for operating the Facility. Specific requirements of
the APPEA Code of Environmental Practice include:

e Compliance with applicable laws, regulations, standards and guidelines, and in their absence,
adopting the most practical means to prevent or minimise adverse environmental impacts;
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e Ensuring that adequate waste management practices are carried out based on the
prevention, minimisation, recycling, treatment and disposal of wastes;

e Providing adequate training to enable employees and contractors to adopt environmentally
responsible work practices;

e Developing emergency plans and procedures so that incidents can be responded to in a timely
and effective manner; and

e Developing and maintaining management systems to identify, control and monitor risks.

Vermilion is an APPEA member and, when undertaking its projects and activities, adheres to the
provisions of its Code of Environmental Practice.

Additionally, the International Finance Corporation (IFC) Environmental, Health, and Safety (EHS)
Guidelines (June 2015) are technical reference documents with general and industry-specific
examples of Good International Industry Practice (GIIP).

Both the APPEA Code of Environmental Practice and the IFC Environmental, Health, and Safety
Guidelines were key references in preparing for the environmental risk assessment process
associated with this EP and in the development of the performance outcomes contained within it.
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Table 1-2: Relevant Commonwealth Legislation

Legislation

Scope

Related International Conventions

Administering Authority

Australian Maritime Safety Authority
Act 1990

This Act facilitates international cooperation and mutual assistance in preparing and responding to a major oil spill incident
and encourages countries to develop and maintain an adequate capability to deal with oil pollution emergencies.

Requirements are affected through AMSA who administers the National Plan for Maritime Environmental Emergencies
(NatPlan).

Application to activity: AMSA is the designated Control Agency for oil spills from vessels in Commonwealth waters.

International Convention on Oil Pollution Preparedness, Response
and Cooperation 1990

Protocol on Preparedness, Response and Co-operation to Pollution
Incidents by Hazardous and Noxious Substances, 2000

International Convention Relating to Intervention on the High Seas
in Cases of Oil Pollution Casualties 1969

Articles 198 and 221 of the United Nations Convention on the Law
of the Sea 1982

Australian Maritime Safety
Authority (AMSA)

Australian Ballast Water
Management Requirements (DAWR,
2017)

The Australian Ballast Water Management Requirements set out the obligations on vessel operators with regards to the
management of ballast water and ballast tank sediment when operating within Australian seas.

Application to activity: Provides requirements on how vessel operators should manage ballast water when operating
within Australian seas to comply with the Biosecurity Act 2015.

International Convention for the Control and Management of
Ships’ Ballast Water and Sediments (adopted in principle in 2004
and in force on 8 September 2017)

Department of Agriculture,
Water and the Environment
(DAWE)

Biosecurity Act 2015
Biosecurity Regulations 2016

This Act replaced the Quarantine Act 1908 in 2015 and is the primary legislation for the management of the risk of diseases
and pests that may cause harm to human, animal or plant health, the environment and the economy.

The objects of this Act are to provide for:

(a) managing biosecurity risks; human disease; risks related to ballast water; biosecurity emergencies and human
biosecurity emergencies;

(b) to give effect to Australia’s international rights and obligations, including under the International Health Regulations,
the Sanitary and Phytosanitary Agreement and the Biodiversity Convention.

Application to activity: The Biosecurity Act and regulations apply to ‘Australian territory’ which is the airspace over and the
coastal seas out to 12 Nm from the coastline.

For the activity the Act regulates vessels entering Australian territory regarding ballast water and hull fouling.

International Convention for the Control and Management of
Ships’ Ballast Water and Sediments (adopted in principle in 2004
and in force on 8 September 2017)

DAWE

Environment Protection and
Biodiversity Conservation Act 1999
(EPBC Act)

This Act applies to actions that have, will have or are likely to have a significant impact on matters of national
environmental or cultural significance.

The Act protects Matters of National Environmental Significance (MNES) and provides for a Commonwealth environmental
assessment and approval process for actions. There are eight MNES, these being:

° World heritage properties;

° Ramsar wetlands;

° Listed Threatened species and communities;

° Listed Migratory species under international agreements;

° Nuclear actions;

° Commonwealth marine environment;

° Great Barrier Reef Marine Park; and

° Water trigger for coal seam gas and coal mining developments.

Application to activity: Petroleum activities are excluded from within the boundaries of a World Heritage Area (Sub
regulation 10A(f)).

The activity is not within a World Heritage Area.
The EP must describe matters protected under Part 3 of the EPBC Act and assess any impacts and risks to these.
Section 4 describes matters protected under Part 3 of the EPBC Act.

The EP must assess any actual or potential impacts or risks to MNES from the activity.

1992 Convention on Biological Diversity and 1992 Agenda 21

Convention on International Trade in Endangered Species of Wild
Fauna and Flora 1973

Agreement between the Government and Australia and the
Government of Japan for the Protection of Migratory Birds and
Birds in Danger of Extinction and their Environment 1974

Agreement between the Government and Australia and the
Government of the People’s Republic of China for the Protection of
Migratory Birds and their Environment 1986

Agreement between the Government of Australia and the
Government of the Republic of Korea on The Protection of
Migratory Birds 2006

Convention on Wetlands of International Importance especially as
Waterfow!| Habitat 1971 (Ramsar)

International Convention for the Regulation of Whaling 1946

Convention on the Conservation of Migratory Species of Wild
Animals (Bonn Convention) 1979

DAWE
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Legislation Scope Related International Conventions Administering Authority
Environment Protection and Part 8 of the regulations provide distances and actions to be taken when interacting with cetaceans. - DAWE

Biodiversity Conservation Regulations | pplication to activity: The interaction requirements are applicable to the activity in the event that a cetacean is sighted.

2000

Environmental Reform (Consequential | This Act allowed the transition of legislation from the Environment Protection Impact of Proposals Act (1974) (EPIP Act) to | - DAWE

Provisions) Act 1999

the EPBC Act. The Environmental Reform (Consequential Provisions) Act clarifies that projects approved under the EPIP Act
are exempt from being assessed under the EPBC Act. The Wandoo Full Field Development was approved under the EPIP
Act.

Fisheries Management Act 1991

This Act provides for the protection of Australia’s offshore commercial fish resources from 3nm to the extent of the

Fishermen in Commonwealth-managed fisheries will be informed

Australian Fisheries

Australian Fishing Zone (200nm). There are no fisheries within the Permit Area however there are several within the EMBA. |by VOGA (via AMSA) of program activity as required by legislation. | Management Authority
(AFMA)
National Biofouling Management The guidance document provides recommendations for the management of biofouling risks by the petroleum industry. Certain sections of MARPOL DAWE

Guidelines for the Petroleum
Production and Exploration Industry
2009

Application to activity: Applying the recommendations within this document and implementing effective biofouling
controls can reduce the risk of the introduction of an introduced marine species.

International Convention for the Safety of Life at Sea 1974

Convention on the International Regulations for Preventing
Collisions at Sea (COLREG) 1972

National Greenhouse and Energy
Reporting Act 2007 (NGER Act)

National Greenhouse and Energy
Reporting Regulations 2008

This Act introduces a single national reporting framework for the reporting and dissemination of information about the
greenhouse gas emissions, greenhouse gas projects, and energy use and production of corporations. Under the NGER Act,
businesses who are very large emitters of greenhouse gases will be required by law to measure and report their emissions
to the government. National Pollutant Inventory reporting is covered by this Act.

United Nations Framework Convention on Climate Change
(UNFCCC) 1992

Vienna Convention for the Protection of the Ozone Layer 1985 and
the Montreal Protocol on Substances that Deplete the Ozone Layer
1987

DoEE/Clean Energy Regulator

Navigation Act 2012 This Act regulates ship-related activities and invokes certain requirements of the International Convention for the Certain sections of MARPOL AMSA
Prevention of Pollution from Ships (MARPOL 73/78) relating to equipment and construction of ships. International Convention for the Safety of Life at Sea 1974
Several Marine Orders (MO) are enacted under this Act relating to offshore petroleum activities, including: COLREG 1972
* MO 21: Safety of navigation and emergency arrangements. United Nations Convention on the Law of the Sea 1982 (UNCLOS)
o MO 30: Prevention of collisions.
° MO 31: Vessel surveys and certification.
Application to activity: The relevant vessels (according to class) will adhere to the relevant MO with regard to navigation
and preventing collisions in Commonwealth waters.
Offshore Petroleum and Greenhouse |The Act addresses all licensing, health, safety, environmental and royalty issues for offshore petroleum exploration and NOPSEMA

Gas Storage Act 2006 (OPGGS Act)

OPGGS(E)R

development operations extending beyond the three-nautical mile limit.

Part 2 of the OPGGS(E)R specifies that an EP must be prepared for any petroleum activity and that activities are undertaken
in an ecologically sustainable manner and in accordance with an accepted EP.

Application to activity: The OPGGS Act provides the regulatory framework for all offshore petroleum exploration and
production activities in Commonwealth waters, to ensure that these activities are carried out:

° Consistent with the principles of ecologically sustainable development as set out in section 3A of the EPBC Act.
° So that environmental impacts and risks of the activity are reduced to as low as reasonably practicable

° So that environmental impacts and risks of the activity are of an acceptable level.
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Legislation Scope Related International Conventions Administering Authority
Protection of the Sea (Prevention of | This Act regulates Australian regulated vessels with respect to ship-related operational activities and invokes certain Various parts of MARPOL AMSA
Pollution from Ships) Act 1983 requirements of the MARPOL Convention relating to discharge of noxious liquid substances, sewage, garbage, air pollution

etc. Convention on the Prevention of Marine Pollution by Dumping of

Application to activity: All ships involved in petroleum activities in Australian waters are required to abide to the Wastes and Other Matter, 1972 (also known as the London

requirements under this Act. Several MOs are enacted under this Act relating to offshore petroleum activities, including: Protocol)

o MO 91: Marine Pollution Prevention — Oil.

° MO 93: Marine Pollution Prevention — Noxious Liquid Substances.

° MO 94: Marine Pollution Prevention — Packaged Harmful Substances.

° MO 95: Marine Pollution Prevention — Garbage.

° MO 96: Marine Pollution Prevention — Sewage.

° MO 97: Marine Pollution Prevention — Air Pollution.
Protection of the Sea (Harmful Under this Act, it is an offence for a person to engage in negligent conduct that results in a harmful anti-fouling compound | International Convention on the Control of Harmful Anti-fouling AMSA
Antifouling Systems) Act 2006 being applied to or present on a ship. The Act also provides that Australian ships must hold ‘anti-fouling certificates’, Systems on Ships 2001

provided they meet certain criteria.

Application to activity: All ships involved in offshore petroleum activities in Australian waters are required to abide to the

requirements under this Act.

The MO 98: Marine Pollution Prevention — Anti-fouling Systems is enacted under this Act.
Underwater Cultural Heritage Act Protects the heritage values of shipwrecks, sunken aircraft and relics (older than 75 years) in Australian Territorial waters Agreement between the Netherlands and Australia concerning old | DAWE

2018

from the low water mark to the outer edge of the continental shelf (excluding the State’s internal waterways). The Act
allows for protection through the designation of protection zones. Activities / conduct prohibited within each zone will be
specified.

Application to activity: In the event of removal, damage or interference to shipwrecks, sunken aircraft or relics declared to
be historic under the legislation, activity is proposed with declared protection zones, or there is the discovery of shipwrecks
or relics.

Dutch Shipwrecks 1972
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Table 1-3: Recovery plans and species conservation advices relevant to the Wandoo Facility Environment Plan

Relevant Plan/Advice

Applicable Threats or Management Advice

National Recovery Plan for Threatened
Albatrosses and Giant Petrels 2011-2016
(DSEWPaC, 2011)

The recovery plan is a co-ordinated conservation strategy for albatrosses and giant petrels listed as threatened. Threats:

° Marine pollution: evaluate risk of oil spill impact to nest locations and, if required, appropriate mitigation measures are
implemented.

° Marine debris: evaluate risk of marine debris (including risk of entanglement and/or ingestion) and, if required, appropriate
mitigation measures are implemented.

Approved Conservation Advice for
Sternula nereis (Fairy Tern) (TSSC, 2011)

Conservation advice provides management actions that can be undertaken to ensure conservation of the fairy tern. Threats:

° Marine pollution: evaluate risk of oil spill impact to nest locations and, if required, appropriate mitigation measures are
implemented.

Approved Conservation Advice for Calidris
canutus (Red Knot)

Conservation advice provides management actions that can be undertaken to ensure conservation of the red knot.
Threats:

° Marine pollution: evaluate risk of oil spill impact to nest locations and, if required, appropriate mitigation measures are
implemented.

Approved Conservation Advice for Calidris
tenuirostris (Great knot)

Conservation advice provides management actions that can be undertaken to ensure conservation of the great knot. Threats:
° Habitat loss and degradation: prevent destruction of key breeding and migratory staging sites.

° Marine pollution: evaluate risk of oil spill impact to nest locations and, if required, appropriate mitigation measures are
implemented.

Approved Conservation Advice for Calidris
frruginea (Curlew sandpiper)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the curlew sandpiper.
Threats:

° Habitat loss and degradation: maintain undisturbed feeding and roosting habitat at sites on the north-west coast used during
migration for the species

Approved Conservation Advice for
Charadrius mongolus (Lesser sand plover)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the lesser sand plover.
Threats:

° Habitat loss and degradation from pollution, changes to water regimes and invasive plants

Approved Conservation Advice for
Ptodroma mollis (soft-plumaged petrel)

Conservation advice provides management actions that can be undertaken to ensure conservation of Aboott’s booby. Threats:

° None applicable

Approved Conservation Advice for
Papasula abbotti (Abbott’s booby)

Conservation advice provides management actions that can be undertaken to ensure the conservation of Aboott’s booby. Threats:

° Loss of breeding habitat on Christmas Island.

Approved Conservation Advice for Anous
tenuirostris melanops (Australian lesser
noddy)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Australian lesser
noddy. Threats:

° Marine pollution: evaluate risk of oil spill impact to nest locations and, if required, appropriate mitigation measures are
implemented.

Wildlife Conservation Plan for Migratory
Shorebirds (DoE, 2015)

° No threats identified.

Approved Conservation Advice for
Rhincodon typus (whale shark)

Conservation advice provides management actions that can be undertaken to ensure conservation of the whale shark Threats:

° Habitat loss and degradation from pollution, changes to water reigimes and invasive plants

Recovery Plan for the White Shark
(Carcharodon carcharias) (DSEWPaC,
2013)

The overarching objective of this recovery plan is to assist the recovery of the white shark in the wild throughout its range in
Australian waters.

° No Threats identified

Recovery Plan for the Grey Nurse Shark
(Carcharias Taurus) west coast population
(DoE 2014)

The recovery plan considers the conservation requirements of the grey nurse shark across its range and identifies the actions to be
taken to ensure the species long-term viability.

Approved Conservation Advice for Pristis
zijsron (green sawfish)

Sawfish and River Sharks Multispecies
Recovery Plan: (Pristis, Pristis zijsron,
Pristis clavata, Glyphis glyphis and Glyphis
garricki)

Conservation advice provides management actions that can be undertaken to ensure conservation of the green sawfish. Threats:

° Habitat loss and degradation

Approved Conservation Advice for Pristis
clavata (dwarf sawfish)

Sawfish and River Sharks Multispecies
Recovery Plan: (Pristis pristis, Pristis
zijsron, Pristis clavata, Glyphis glyphis and
Glyphis garricki)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the dwarf sawfish. Threats:

° Habitat loss and degradation

Approved Conservation Advice for short-
nosed sea snake (Aipysurus apraefrontalis)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the short-nosed sea snake.
Threats:

° Degradation of reef habitat: no anthropogenic disturbance in areas where the Short-nosed Sea Snake occurs.
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Relevant Plan/Advice

Applicable Threats or Management Advice

Recovery Plan for Marine Turtles in
Australia, 2017-2027 (DEE, 2017)

The long-term recovery objective for marine turtles is to minimise anthropogenic threats to allow for the conservation status of
marine turtles to improve so that they can be removed from the EPBC Act Threatened species list. Threats:

° Chemical and terrestrial discharge.
o Marine debris.

° Light pollution.

o Habitat modification.

° Vessel strike.

o Noise interference.

° Vessel disturbance.

Approved Conservation Advice for
Dermochelys coriacea (Leatherback Turtle)

See above for Recovery Plan for Marine Turtles in Australia, 2017-2027.

Conservation Management Plan for the
Blue Whale, 2015-2025 (DoE, 2015)

The long-term recovery objective for blue whales is to minimise anthropogenic threats to allow for their conservation status to
improve so that they can be removed from the EPBC Act threatened species list. Threats:

° Noise interference: evaluate risk of noise impacts and, if required, appropriate mitigation measures are implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.

Approved Conservation Advice for
Balaenoptera borealis (Sei Whale)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the sei whale.
Threats:

° Noise interference: evaluate risk of noise impacts to cetaceans and, if required, appropriate mitigation measures are
implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.

Approved Conservation Advice for
Megaptera novaeangliae (Humpback
Whale) (TSSC, 2015)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the humpback whale.
Threats:

° Noise interference: evaluate risk of noise impacts to cetaceans and, if required, appropriate mitigation measures are
implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.

Conservation Management Plan for the
Southern Right Whale 2011-2021
(DSEWPaC, 2012)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the Southern right
whale. Threats:

° Noise interference: evaluate risk of noise impacts to cetaceans and, if required, appropriate mitigation measures are
implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.

Approved Conservation Advice for
Balaenoptera physalus (Fin Whale)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the fin whale.
Threats:

° Noise interference: evaluate risk of noise impacts to cetaceans and, if required, appropriate mitigation measures are
implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.

Recovery plan for the Australian Sea Lion
(Neophoca cinereal)

The long-term recovery objective for the Australian sea lion is to minimise anthropogenic threats to allow for their conservation
status to improve so that they can be removed from the EPBC Act threatened species list. Threats:

° Noise interference: evaluate risk of noise impacts and, if required, appropriate mitigation measures are implemented.

° Vessel disturbance: evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented.
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Table 1-4: Relevant Western

Australian Legislation

Legislation

Scope

Application to Activity

Administering Authority

Biodiversity Conservation
Act 2016

Provides for the conservation and protection of biodiversity and
biodiversity components and the ecologically sustainable use of
biodiversity components in Western Australia

Biodiversity Conservation Regulations 2018
sets out separation distances for whale
sharks and other marine fauna.

Department of Biodiversity,
Conservation and
Attractions (DBCA)

Environmental Protection
Act 1986

Provides for the prevention, control and abatement of pollution and
environmental harm, for the conservation, preservation, protection,
enhancement and management of the environment

This Act regulates wastes discharged into
the environment

Department of Water and
Environmental Regulation
(DWER)

Conservation and Land
Management Act 1984

This Act provides for the use, protection and management of public
lands, including parks and forests. It includes water, flora and fauna
on these lands.

The Act may be triggered in the event of a
spill that impacts upon a public
conservation reserve

DBCA

Fish Resources
Management Act 1996

Regulates the management of and utilisation and conservation of
fish and their habitat.

Liaison with commercial fishermen.
Requires management of IMS risks.

Department of Primary
Industries and Regional
Development (DPIRD)

Local Government Act 1985

This Act is concerned with the administration of municipalities. It
vests local authorities with responsibility for handling domestic and
trade wastes, sewage disposal and protection of water sources
(channels, pools, dams, etc.) from pollution.

Waste will be disposed of at an onshore
facility

Local Government
Authority

Marine and Harbours Act
1981

Provides for the advancement of efficient and safe shipping and
effective boating and port administration

This Act contains regulations to control the
refuelling of ships and boats; administered
by the Department of Fisheries.

Department of Fisheries
(DoF)

Maritime Archaeology Act
1973

Provides for the preservation of the remains of ships lost before
1900

May be triggered in the event of impacts
to a known or previously un-located
shipwreck

WA Museum

Pollution of Waters by Oil
and Noxious Substances Act
1987

Provides for the protection of the sea from pollution by oil and other
noxious substances. Gives effect to MARPOL in state waters.

Triggered in the event of vessels operating
in state waters

Department of Transport
(DoT)
Relevant Port Authority

Western Australian Marine
Act 1982

Regulates navigation and shipping

Triggered in the event of vessels operating
in state waters

DoT
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I 2. Description of activity

2.1 Overview

The Wandoo Field was discovered in 1991. Extraction of crude oil commenced in 1993 from a
single unmanned monopod wellhead platform (Wandoo A) supporting a helideck and five
production wells. The Wandoo B production platform and a Concrete Gravity Structure (CGS) with
associated processing facilities, was installed in 1997 and connected to Wandoo A by a subsea
flowline.

The oil produced from Wandoo A (WNA) is piped to the Wandoo B (WNB) platform. After
treatment, the oil is stored in the CGS and then, when sufficient volumes are available, offloaded
through flexible flowlines to a Catenary Anchor Leg Mooring Buoy (CALM Buoy) located 1.2 km
north of the WNB platform (refer Figure 2-1). A floating hose is used to transfer the oil from the
CALM Buoy to export tankers situated at the mooring facility. Export tankers are used to offload
the oil. Oil production from the WNB production platform commenced from March 1997 and total
field production is currently in the order of 5,000 bbls/day. The end of field life is currently
modelled to be approximately 2030.

Production Flow Line
Test Flow Line
Gas Lift Flow Line

/ :'j:a’ll,' To 5 Wals VR
) //_,fl WANDOO FIELD LAYOUT o

——

Figure 2-1: The Wandoo oil production facilities
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2.2 Location

The Wandoo Facilities, including the Wandoo A (WNA) Monopod, Wandoo B (WNB) Platform,
CALM Buoy (single-point mooring Tanker Mooring and Offloading Facility) and anchorage are
located in production licence area WA-14L, approximately 80 km northwest of Dampier and in
water depths of approximately 54m. Geographical coordinates of the various facilities at Wandoo
are given in Table 2-1. The location of the Wandoo Field is shown in Figure 2-2.

Table 2-1: Coordinates of Wandoo production facilities

Facility Latitude Longitude
Wandoo A (WNA) 20°08'20" S 116°25'17.5"E
Wandoo B (WNB) 20°07'43"S 116°26' 04" E
Anchorage 20°05' 00" S 116°23'48"E
CALM Buoy 20°07' 02" S 116°26' 02" E
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2.3 Reservoir characteristics

Wandoo crude, having lost most of its lighter fractions due to microbial biodegradation in the
reservoir, is a 19.4° APl crude, and is similar to other medium crude produced on the North-West
Shelf (NWS). It has a low pour point, virtually no paraffin wax and low asphaltene content.

Modelling undertaken by RPS for the Wandoo B10 well (RPS, 2020) shows that for Wandoo Crude,
approximately 1.7% (by mass) of volatile hydrocarbons, will evaporate within the first 12 hours. A
further 10.2% of the oil is characterised as the semi-volatile hydrocarbon compounds and will
evaporate within the first 24 hours while an additional 33.1% represent the low volatiles and will
typically evaporate over several days. A relatively high proportion (55%) of hydrocarbon
compounds is persistent which are unlikely to evaporate and will decay over time.

A summary of reservoir oil specification is contained in Table 2-2 and Table 2-3.

Table 2-2 Physical properties for Wandoo Crude

Properties Wandoo Crude
Density (kg/m3) 0.937 (at 16 °C)

API 19.4

Dynamic viscosity (cP) 161 (at 25 °C)

Pour point (°C) -24

Hydrocarbon property category Group IV
Hydrocarbon property classification Persistent
Table 2-3 Boiling point ranges for Wandoo Crude

Characteristic Volatiles (%) Semi-volatiles (%) |Low Volatiles (%) |Residual (%)
Oil Type

Boiling point (°C) <180 180-265 265-380 > 380

Non persistent Persistent

Wandoo Crude 1.7 10.2 33.1 55

An understanding of the geology and reservoir characteristics in the Permit Area is an essential
element of the EP, as it informs the identification, prevention and response to potential oil spill
scenarios arising from the unlikely event of well control incident

Currently, the only producing reservoir in the Wandoo Field is the M. australis Sandstone. The M.
australis Sandstone is subdivided into an upper unit (the A sand) and lower unit (the B sand). The
A sand is a fine-grained highly glauconitic sandstone (greensand) with a porosity of approximately
30% and permeability ranging from 50 to 3000 millidarcy (mD) with reservoir characteristics that
improve markedly with depth. The A sand is subdivided into three units, the uppermost being the
A1l and the lowermost the A3. The B sand is a relatively clean, fine to medium-grained, quartzose
sandstone of exceptional reservoir characteristics with porosities ranging from 35% to 40% and
permeability ranging from 5 to 15 darcy (D). The B sand is also subdivided into a number of units
based on reservoir quality (B1, B2, etc.).
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Both the A and B sands are effectively unconsolidated. An important feature of the A sand is the
presence of laterally discontinuous and co-relatable siderite beds. These siderite beds are
primarily concentrated in the A2 unit. Due to the unconsolidated nature of the sand and its high
glauconite content, drill cuttings from the reservoir do not consist of rock chips and fragments
that would otherwise be expected if a harder substrate or more consolidated substrata was
drilled. Consequently, cuttings from this reservoir consist essentially of loose grains of sand and
dispersed clays rather than rock fragments.

Prior to the start of production, the Field had a 22.1m oil column overlain by an 18m gas column
at the crest of the Field. The oil is heavily biodegraded and viscous (19.4 API gravity, 14.5
centiPoise (cP) viscosity, -24°C pour point) and has a low Gas Oil Ratio (GOR) (99 standard cubic
feet per barrel (scf/bbl)). The sulphur and wax contents are also low. The Field is currently drained
by 20 horizontal wells, with injection of excess gas being carried out through another horizontal
well. All wells are drilled from two platforms (WNA and WNB).

Since production began in the mid-1990s, the reservoir has depleted to a flowing pressure of
~5,100kPa (0.89SG). Recent evaluation of shut-in pressure with all wells shut in for a period of two
weeks indicated a reservoir pressure of ~5,475kPa (0.955G). Due to the water drive mechanism
that charges the Wandoo reservoir, it is generally understood that over time, the reservoir will
recharge to virgin pressure. However, whilst operations are ongoing, the reservoir will continue to
exhibit a sub-hydrostatic pressure regime requiring a very high level of under-balance to achieve
flow to surface. The reservoir pressure was hydrostatic prior to the commencement of production
at Wandoo, over the 18 years of production the pressure has now declined to some 75% of its
original state (from 6,900kPa to 5,100kPa).

2.4 Field infrastructure

2.4.1 WNA platform

The WNA platform is a ‘normally unattended’ wellhead platform that consists of a fixed structure
without processing equipment. The substructure is a monopod structure piled to the seabed and
the topsides consists of two deck levels. Lower Deck (Wellhead Deck) consists of:

e Five production wellheads and wellhead choke valves.
e Flowline risers and riser shutdown valves.

e Wellhead and Tubing Retrievable Surface Controlled Subsurface Safety Valve (TRSCSSV)
control panel, with telemetry system linking back to WNB Central Control Room.

A carrier caisson that contains four risers:
e 323.9mm OD Production riser;

e 219.1mm OD Test riser;

e 114.3mm OD Gas Lift riser; and

e 323.9mm OD Spare Production riser.

e Production header and pig launcher.

e Gas lift header and pig receiver.

Page 36



VERMILION OIL & GAS AUSTRALIA VERMILION

Title:
Number:
Revision:
Date:

0il & Gas

Wandoo Facility Environment Plan Australia Pty. Ltd.

WPA-7000-YH-0007 I
13 e—
8 September 2020 ——aEREn—

24.2

e Wellhead control panel.
e Instrument gas system with nitrogen backup (Nitrogen stored on Main Deck).
e Life raft and controlled descent devices.

e Safety equipment.

Note that the test riser and flowline system is currently isolated, and no longer used for
hydrocarbon service. It is only used for round trip flushing of the production riser and flowline
system using water.

Upper (Main) Deck consists of:

e Platform crane with remote power unit.

e Equipment/personnel shelter (a new combined utility and crib room installed July 2014)
e Helideck.

e Monitoring and control system, including data link to WNB telemetry.
e Potable water tank.

e lLaydown area, chemical storage area and nitrogen bulk storage.

e Chemical injection system.

e Radio telemetry system, and navigation aids.

e Power distribution system, including solar panels and batteries.

e Life raft and controlled descent devices.

e Removable hatches for well entry access.

A crane is provided to transfer equipment or supplies from a supply boat and support well
intervention operations. The crane is rated for an off-the-boat lift of 7t at 7m radius.

The primary access to the platform is by helicopter.

The platform is accessible by a cantilever jack-up rig, referred to as a mobile offshore drilling unit
(MODU). Depending on the well being worked on, the positioning tolerance for the rig might be as
small as £1m.

WNB platform

The WNB platform is comprised of a single integrated three-level deck (Main, Mezzanine and
Cellar) of rectangular plan, supported at four corners by the CGS shafts. The CGS and the topside
facilities are described in the following sections.
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2.4.2.1 WNB CGS storage system and shafts

Storage system

The topside facility (at WNB) is supported on four concrete shafts that integrate into a concrete
base (the CGS) that is comprised of ballast, product storage and water cells. The CGS sits on the
seabed.

e Shaft 1is located at the northeast corner of the facility and provides a conduit for the original
12 well conductors. Three free standing conductors (one containing WNB 13, one containing
WNB 14 and one containing WNB 15 and WNB 16) were installed externally to Shaft 1 in
2008. An additional free-standing conductor is planned to be installed external to Shaft 1
during the term of this EP;

e Shaft 2 is located on the southeast corner of the platform and also forms the main diesel
storage with a capacity of up 2,500m? of diesel;

e Shaft 3 is located on the southwest corner and is flooded for ballast with the seawater inlet
locked closed; and

e Shaft 4 is located at the northwest corner and contains several internal caissons for oil
product storage, ballast water inlet, ballast water pumps, export pumps and interface layer
treatment pumps. It is also used for Ballast Water storage.

The CGS has several functional requirements, the most important being to:

e Support the weight and structural design loads of the topside and transfer it to the seabed,;
e Provide stabilised crude oil import, storage and export facilities;

e Provide diesel fuel storage facilities; and

e Support flowline risers and well conductors.

The CGS is made of reinforced and post-tensioned concrete. It consists of a rectangular base
caisson sitting directly on the seabed with four vertical shafts projecting from the base to support
the topsides above sea level. The overall dimensions of the base caisson are 115m long, 70m wide
and 17m high. It has a maximum capacity of 430,000bbls (US). It is under negative hydrostatic
pressure, therefore, in the event that the integrity of the CGS is affected, seawater will flow into
the cells before the oil is able to flow out. The structural integrity of the CGS is managed under
the Wandoo Facility Integrity Management System.

Shafts

The four hollow shafts are 11m in outside diameter and stand 52m clear of the top of the base
caisson roof, and 15m above LAT (Lowest Astronomical Tide). There are concrete slabs covering
the top of each shaft. The shaft walls are thickened locally at the top to accommodate the steel
deck connection on each shaft.

Each of the vertical shafts has the same internal diameter of 10.2m with a wall thickness tapering
from 575mm to 400mm. Each shaft is locally thickened to 3,500mm at the top to accommodate
the deck connections.
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Shaft 1

Shaft 1 is located at the northeast corner of the facility and provides conduit for the original 12
well conductors which provide the production to the process. In 2008 three new conductors were
installed on the north face of Shaft 1 with guidance provided by a purpose-built integrated
conductor guide and protection frame. Risers are located externally to the west face of the shaft
for crude oil export (2 of), incoming production and test risers from WNA and a gas lift riser
supplying WNA.

Shaft 1 is the drill shaft internally containing:

e 11 production wells; and

e One gas reinjection well.

The steel conductors enclosing the well casings and tubing run vertically in Shaft 1, entering
through the base caisson floor slab and exiting through the shaft capping slab so they are
effectively isolated from the shaft. The conductors are laterally supported in the shaft at regular
intervals by steel guide frames attached to the shaft walls. Shaft 1 is flooded up to mean sea level
with an air space between the water level and the shaft capping slab. There is no equipment,
lights or sensors within Shaft 1. No provision for human entry is provided for.

On the outside of Shaft 1 are:

e Two oil export risers;

e Agas lift riser and test riser inside a single caisson;
e A production riser;

e Three free standing conductors (one containing WNB 13, one containing WNB 14 and one
containing WNB 15 and WNB 16); and

e An additional free-standing conductor with the capability of hosting up to three production
wells is planned to be installed during the term of this EP

Note that the test riser and flowline system is currently isolated and preserved and no longer used
for hydrocarbon service. The test riser is used for round trip flushing of the production riser and
flowline system using water.

Shaft 2

The interior of Shaft 2 is used for diesel storage. The concrete shaft walls and the base caisson top
slab are used to contain the diesel.

The diesel is supplied from a ‘bunkering’ vessel and pumped via a rundown caisson into Shaft 2.

Electrical submerged duty and standby pumps are provided, plus a sump pump. All pumps and
instrumentation can be withdrawn through the Shaft 2 roof capping slab. No personnel entry is
provided.

The outside of Shaft 2 provides support for a firewater pump caisson and a sewage caisson
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Shaft 3

Shaft 3 is located on the southwest corner and is flooded for ballast with the seawater inlet locked
closed. Shaft 3 is unutilised and is flooded with seawater up to sea level, with the sea connection
locked shut. There is no equipment, lights, sensors etc. in Shaft 3. There is no provision for
personnel entry into Shaft 3.

The outside of Shaft 3 provides support for another firewater pump caisson, seawater service
pump caissons, and a seawater service outfall

Shaft 4

Shaft 4 is located at the northwest corner and contains several internal caissons for oil product
storage, ballast water inlet, ballast water pumps, export pumps and interface layer treatment
pumps. Shaft 4 is the utility shaft. It contains the equipment and pipework to import and export
crude oil to and from the storage compartments. This crude oil import/export system is outlined
in the Process Description. Numerous caissons and pipes are supported on a central steel tower
within the shaft.

Shaft 4 is filled with ballast water and maintained to a level approximately 15m below sea level
(elevation -15m) to maintain the negative hydrostatic pressure in the oil storage compartments.
This level is maintained by the ballast water system which is also described in the Process
Description.

e The pressure differential is advantageous to the CGS for the following reasons:

e Localised cracks would result in the ingress of seawater into the storage cells, as opposed to
an oil leak into the sea; and

e CGSis maintained in slight compression by external hydrostatic pressure which is
advantageous to the life of the concrete structure

e The outside of Shaft 4 supports a produced formation water (PFW) outfall line.

There are 13 caissons that penetrate the Shaft 4 capping slab. All caissons and pipes in which
fluids flow are made from glass reinforced epoxy and are supported on a steel tower structure
running the full height of the shaft. The electric motors for the shaft driven oil export pumps are
located on the Cellar Deck. All other pumps are electrical submerged pumps.

Other penetrations through the slab include equipment hatches, personnel access hatches and
the exhaust and supply ducts for the shaft ventilation system.

To minimise the possibility of methane and hydrogen sulphide build up in Shaft 4 vapour space, a
forced ventilation system is installed to provide approximately four air changes per hour. Ducted
fresh air is supplied and removed from a high elevation near the capping slab and a low elevation
above the ballast water level. Hydrogen sulphide, methane and smoke detectors monitor the
extracted air.
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Base caisson

The rectangular caisson base is subdivided by internal walls into 60 cells each measuring 11.25m
by 11.25m in plan. There are 16 perimeter cells that are open, having no top slab and are filled
with rock ballast. A further four cells are filled with water ballast.

There are two large oil storage compartments in the base caisson:
e The smaller consists of 16 interconnected cells; and

e The larger compartment is made from one main group of 16 cells and two smaller groups of
four cells each.

The internal walls are 350mm thick and have penetrations to allow the cells groups to
interconnect while forming two independent compartments. The perimeter walls of the two
compartments resist hydrostatic forces and are nominally 875mm thick, but are thickened to
1425mm at the cross-wall locations.

The depth of the base caisson floor slab varies between 720mm and 845mm; the top slab has a
constant thickness of 776mm. A series of base drain strips are cast onto the bottom of the floor
slab to permit the dissipation of any excess pore water pressures in the soil. All the base caisson
walls are post-tensioned. The roof slab is post-tensioned in the shorter direction only and the
shafts are post-tensioned vertically. The base slab is not post-tensioned.

All four sides of the CGS have scour protection with graded iron ore used both for ballasting of the
CGS and for scour protection. The scour protection is 10m wide by 1.5m deep.

WNB topsides

The WNB platform orientation is true north. The principle features of the platform are shown
below in Table 2-4.

Table 2-4: Platform principal features

Features Nominal specifications

Slots 14 slots for production wells and one slot for gas reinjection.

Plans Dimensions of approx. 69m x 40m; plus 3.7m x 10m for the planned wellbay
extension.

Deck area Total deck area to support process and utility equipment of approx. 7,600m?,

plus additional 37m? for the planned wellbay extension.

Planned deck extension |A new deck extension is planned to accommodate a new conductor and up to 3
new production wells. The deck area for this planned extension is 37 m?

Trusses Two 10m deep trusses (TA and TB) spanning approx. 51m in the N-S direction.
Seven 10m deep trusses (T1 to T7) spanning approx. 25m in the E-W direction.

Passive fire protection | Passive fire protection to the main truss steelwork, north of the firewall.

Dry and operating Dry and operating weights of 6,731t and approx. 10,000t respectively (Existing
weights wellbay extension added 22t). (The new planned deck extension will add 61t)
Deck height Height between each deck level of 5.0m.

Accommodation WNB living quarters comprise a total of 59 beds.
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The underside of Cellar Deck primary steel is set at an elevation of +21.0m to provide sufficient air
gap to the crest of the 100-year return period for extreme weather cyclonic waves.

Primary access to the platform is by helicopter. The helideck is located on top of the
accommodation module.

One pedestal crane is provided for top deck materials handling and transfer of equipment and
supplies from a supply vessel, and for other platform activities (e.g. to support construction
activities on the platform). This crane also enables some work basket activities to be conducted
over the side. The equipment and facilities provided on each of the three WNB decks are listed in
Table 2-5 to Table 2-8.

The Main Deck has been designed to take impact loads from a defined object weight and drop
height. All the main process equipment has been located away from the main lifting zones. The
subsea flow lines and risers are also located away from the main lifting zones.

There is swinging load protection in the form of crash barriers around the south and west faces of
the Main Deck laydown area, and around the north, south and west faces of the other Main Deck
laydown area. No protections were required on the Cellar Deck laydown area where diesel filters

are located.

Table 2-5: Equipment and facilities on the WNB Main Deck

WNB Main Deck

North End Flare boom (northwest side)

Space above the CGS Shaft 1 and Mezzanine Deck wellhead area for well intervention
operations (northeast side)

Laydown area including extended deck for existing wellbay extension and planned
extension

Gas lift compression and treatment

Recovered gas compression

Fuel gas treatment

Fuel gas filters

Chemical injection and storage

Central Area Production separators (two)

Hydrocyclones (two)

Second stage and test separators

Chemical injection and storage facilities

Platform crane (east side)

Nitrogen generator package

South End Cooling and heating medium equipment and tanks

Electro-chlorination unit

Air compressor packages

Platform power generation units gas turbines

Accommodation
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WNB Main Deck

Food storage freezer and PLQ Extension Heating, Ventilation and Air Conditioning
(HVAC)

Helideck above accommodation module (southwest corner)

Table 2-6: Equipment and facilities on the WNB Mezzanine Deck

WNB Mezzanine Deck

North End

Wellheads, Xmas trees, existing wellbay extension and planned wellbay extension

Production, test and gas lift manifolds

Pig launchers and receivers and process heat exchanges

South End (south
of the blast wall)

Platform HVAC plant

High voltage switch gear room

Platform workshops, storage and laboratory

Temporary refuge area comprising of:
° Muster area;
° Control room and telecommunications room; and

° Instrument equipment room low voltage (LV) switch gear

Instrument equipment room

Uninterruptible power supply systems

LV switchgear room

Table 2-7: Equipment and facilities on the WNB Cellar Deck

WNB Cellar Deck

North End

Qil export facilities

Production rundown headers

Ballast water facilities

Interface layer facilities

Flare knock out drum

Metering skid

Infield risers with associated emergency shutdown valves

Central Area

Production coalescers and rundown metering

Produced Water Treatment System (PWTS) including Degasser, Recovered Qil Tank,
Recovered Qil Vessel, ISFU1 and ISFU2

Platform diesel storage in crane pedestal (east side)

South End (south
of the blast wall)

Seawater lift pumps and filters

Reverse osmosis unit

Diesel fuel treatment package

Firewater pumps

Firewater deluge manifold and firewater ring main

Aqueous film forming foam package
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WNB Cellar Deck

Emergency generator package

2 x Temporary Safety Craft and 1 x Wandoo Recovery Craft (extreme south end)

Cooling medium exchangers

Table 2-8: Equipment and facilities below the WNB Cellar Deck

WNB Below Cellar Deck

Infield and export flowline risers

Platform hazardous open drains tank

Platform closed drain vessel

Platform non-hazardous open drains tank

Fresh air inlets and combustion air inlets for:
° HVAC systems for the Temporary Refuge, High Voltage switch room, workshops and laboratory
° Firewater pumps; and

e  Emergency generator.

WNB accommodation modules

The permanent accommodation module is located on the Main Deck in the southwest corner, and
has lower, intermediate and upper levels.

Lower level

The lower level comprises the following key rooms:
e Field Superintendent’s office;

e  First aid room;

e Electrical distribution room; and

e Galley and mess area

e Laundry

e Change room

e Hot Water Heaters

e Gymnasium

e One 4-person cabin
Intermediate and upper level

The intermediate level is comprised of the following:
e Five 2-person cabins;
e Three 4 person cabins;

e Field Superintendent’s cabin;
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e Coordination centre;

e TV Lounge and Recreation Room.
The upper level has 16 two-person cabins.
All levels

The following rooms are on each level:

e Janitor room;

e Air handling room —the fresh air inlet is located on the south face at each level;

e Internal stairway linking all levels;
e Corridor; and

e External walkway and stairway.

WNB helideck

The helideck is located directly on top of the accommodation module. Access to the helideck is via

two stairways. The helideck includes bunding and an overboard drain pipe.

2.5 Hydrocarbon production

25.1 Reservoir fluids

25.1.1 General
The properties of the reservoir are displayed below.

Table 2-9: Reservoir properties

Reservoir

Depth

563m — 650m below Mean Sea Level (MSL)

Current Reservoir Pressure (at 600m MSL at 1 Jan 2020)

~5,100kPa (0.89SG) (740psi)

End of field life pressure (at 600m MSL)

4,702kPa (682psi)

Temperature (at 600m True Vertical Depth [TVD] Subsea)

50°C

2.5.1.2 Crude oil and gas composition

Table 2-10 shows the compositions of the reservoir fluids.

Table 2-10: Compositions of reservoir fluids

Component Mol % Weight %
Hydrogen Sulphide 0.00 0.00
Carbon Dioxide 0.24 0.04
Nitrogen 0.06 0.01
Methane 21.46 1.43
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Ethane 0.01 0.00
Propane 0.00 0.00
Iso-Butane 0.00 0.00
N-Butane 0.00 0.00
Iso-Pentane 0.00 0.00
N-Pentane 0.00 0.00
Hexanes 0.00 0.00
Heptanes Plus 78.23 98.52
Total 100.00 100.00
2.5.1.3 Properties of Heptanes Plus
Table 2-11 shows the properties of the process fluids.
Table 2-11: Properties of Heptanes Plus
Property Separator liquid Separator gas Well stream
API gravity at 60°F 19.5 - -
Density - gm/cc at 60°F 0.936 0.737* 0.936
Molecular weight 303 103* 303
* The density and molecular weight of the separator gas are assumed values.
2.5.2 Facility production rates
Table 2-12 shows the Facility’s design production rates.
Table 2-12: Nominal design rates
Fluid Nominal design rate
Gas 1,200,000Sm?3/day
Oil 6,359m3/day
PWTS 36,000m3/day
2.5.2.1 Production well profile
Wells are drilled from either WNA or WNB platforms and are completed horizontally through the
reservoir, with the horizontal section extending 500m to 5,000m.
2.5.2.2 Flowing wellhead temperature

Temperatures at Xmas tree during normal operation:

e  Minimum: 40°C

e Maximum: 51°C
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2.5.2.3 Solution gas-oil ratio

Solution gas-oil ratio: 17.65m3/m3 oil (99scf/bbl oil)

2.5.3 Wandoo well types

As the Wandoo reservoir pressure is sub-hydrostatic, artificial lift is required to produce wells in
the Wandoo Field. Artificial lift is currently provided by either using gas lift with excess gas
injected into the reservoir through WNB-10 source/injection well, or Electric Submersible Pump
(ESP). In general wells in the Wandoo Field produce liquids which are approximately 95-99%
water and 1-5% oil. Wells in the Wandoo Field will only produce 100% oil immediately following a
drilling campaign. Over a period of between 1 to 9 months following a drilling campaign the
percentage of oil within the well fluids will reduce to the range of ~1-10%.

Consequently, Wandoo wells broadly fall into the following categories:

Gas injection well. Currently WNB-10 well is used as a gas source well and to inject excess
produced gas into the reservoir gas cap. WNB-10 well can flow naturally to surface for a limited
time period.

Wells that cannot sustain flow to surface. Most wells at the Wandoo facilities fall into this
category. These wells do not contain sufficient free gas to sustain flow to surface, so when the
application of artificial lift stops; either when gaslift gas into the well downhole via the gas lift
mandrel stops or the ESP is stopped, (as would be the case in response to a loss of well integrity,
or uncontrolled hydrocarbon release) the wells will not flow. In fact, due to the sub-hydrostatic
nature of the reservoir the most likely scenario would be an influx of reservoir fluid into the
wellbore where the established fluid column within the well would be balanced with the reservoir
pressure with no hydrocarbon released to the environment.

Wells that can sustain flow to surface. There are some wells in the Wandoo Field that have
sufficient free gas such that they can sustain flow to surface. These are the only well types in
Wandoo Field where a production related uncontrolled release of hydrocarbon is credible. The
hydrocarbon released during an uncontrolled release will depend on the stage of the well’s life-
cycle. That is, immediately following a drilling campaign on a well, with sufficient free gas to
sustain flow to surface, that well could flow with 100% of liquids being oil; however, this would
reduce down to less than 10% % oil over the subsequent one to nine months of the well being in
operation. Typically, Wandoo has 2-3 new wells drilled every two to three years.

For wells that have not been drilled in the preceding nine months, and assuming that the well
could flow to surface without artificial lift, a production blowout would result in flow to surface
with only 5-10% of that liquid flow rate being oil with the remaining being water. There are
currently no wells on WNA or WNB that can sustain flow (with the exception of the gas injection
well B10).

2.5.4 Flow lines and riser systems (platform and subsea)

Three 2km long subsea flow lines connect WNA and WNB. The system comprises the following
“rough bore” flexible lines:

e Production line 12” nominal bore (318mm inner diameter [ID]);
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e Test line 8” nominal bore (216mm ID); and

e Gas lift line 4” nominal bore (102mm ID).

Each flow line is connected to an existing carbon steel riser on WNA, and a carbon steel riser on
WNB. There are Riser Shutdown Valves (RSDV) on both WNA and WNB for each flow line. Table
2-13 shows the properties of the various flow lines.

Table 2-13: Flow line pressure, temperature, flow rates and components

Flow line Operating Operating Flow rates Components
pressure (kPag) |temp (°C)

WNA - WNB 1,100-1,700 25-45 Less than 200 m3/d oil, |Corrosion

Production 3000-4000 m3/d inhibited

Flow Line produced formation produced well

water, less than 100,000 | fluids & lift gas
sm3/d formation gas
plus 250,000 sm3/d

gaslift gas

WNA-WNB Test | Not used for N/A N/A N/A
Line hydrocarbon

service
WNB — WNA 5,800 — 6,900 40 250,000 Sm3/ day Methane
Gas Lift Flow (>95%),
Line N2, CO2, H20
Export flowline |1320 35-40 Heptanes Plus

150,000-300,000 bpd (crude oil)
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25,5 Wells and subsurface systems (wellheads and xmas trees)
2.5.5.1 Wellheads
WNA

Each of the WNA wells is produced through a 3000# API wellhead and Xmas tree assembly into a
DN150 ANSI Class 600 flow line and into a common DN300 production manifold.

The wellheads installed on WNA are of the conventional spooled type. Wandoo A6H1/H3 is
installed through the central column to the WNA monopod and wells A3, A55T1, A8ST1 and A9
are installed through the external conductors. The wells have a 13-5/8”, 3,000psi x 13-3/8” slip-on
bradenhead with a 13-3/8” x 30” landing base which was landed on the 20” surface casing when
the 13-3/8” casing was run. The bradenhead is welded to the 13-3/8” casing stub on the inside
and outside. A mudline suspension system is used to support the weight of the 13-3/8” casing
string.

After running the 9-5/8” casing (which is hung off inside the 13-5/8”, 3,000psi x 13-3/8”
bradenhead), the tubing spool, which has two 2-1/16” flanged side outlets are installed. Each side
outlet is equipped with a manual gate valve. One side is used to monitor annulus pressure while
the other is used for lift gas injection. The 5-1/2” completion is hung off the tubing hanger which
is landed out inside the tubing spool. The tubing hanger and tubing spool have penetrations for
the Subsurface Safety Valve (SSSV) control line and, on wells (A6H1/H3) converted as multilateral
producers, a continuous penetration for the tubing retrievable flow control (TRFC) valve control
line. The tubing hanger has a profile to accept a backpressure valve or tree test plug which can be
installed by wireline or manually. In 2015 the A5ST1 installation was completed there is no
difference in design above the production packer.

In 2010, well A6 was converted into a multilateral producer. There is no difference in the design of
the A6 well above the production packer except for the additional control line for the TRFC.

WNB

Each of the remaining original WNB wells (B1, B2, B3, B4ST1, B6, B7, B8/ST1, B9ST1, B10) is
produced through a 3000# API wellhead and Xmas tree assembly into a DN150 ANSI Class 600
flow line and into common DN300 production and DN200 test manifolds.

The WNB 13H and 14H wells, installed in 2008, are produced through 5000# API wellhead and
Xmas tree assemblies and have DN200 production flow lines rated to ANSI Class 600. The WNB
B15ST1 and B16ST2 wells drilled in 2018/19 are produced through 3000# API wellhead and Xmas
tree assemblies and have DN200 production flow lines rated to ANSI Class 600.

Each WNB well includes a hydraulically operated subsurface shutdown valve, pneumatically
operated surface shutdown master valve (except for the WNB 13H and 14H wells — which have
hydraulically actuated Master Valves), gas lift shutdown valves and three manually operated
switching valves which enable alignment of any well to the production or test manifolds. For the
WNA wells the setup is the same.

The tubing hangers on all wells have continuous penetrations to enable the SSSV control line and,
in some cases, the TRFC control line to be fed through. This line then exits through penetrations in
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the tubing spool. WNB 10 is fitted with a PDHG. The gauge cable is terminated in an explosion-
proof wellhead outlet.

For the wells that have been converted as multilateral producers (B5/ST1, B8/ST1, B11/ST1,
B12ST2/ST3), the second penetration has been used as a penetration point for the TRFC control
line and, if the tubing spool had no second penetration, the tubing spool was replaced with a 5
penetration unit. The tubing hanger has an internal profile designed to accept a Back Pressure
Valve or tree test plug which can be installed by wireline or manually.

The tubing spool has two 2-1/16” outlets with a flanged manual gate valve on each. The pressure
is read off on one side. On the production wells, the other side is used to inject the lift gas into the
5-%" x tubing 9-5/8" casing annulus. The wellhead also has a 2-1/16” manual gate valve on the
outlet on the tubing spool section to allow the pressure to be monitored in the 9-5/8” x 13-3/8”
casing annulus.

All tree and wellhead connections are API flanged except for the wellhead sections on B15 and
B16 which are a proprietary (OEC) Cameron D-shaped flange.

In 2010 and 2012, wells B5, B8 and B12 were converted to multilateral producers. There is no
difference in the design of these wells above the production packer except for the additional
control line for the TRFC.

WNA

A 3000psi single block tree has been installed on each wellhead. The tree body has manual lower
master, gas master and manual swab valves. The pneumatic actuator for the upper master valve
is tied into the platform Emergency Shutdown (ESD) control system. A manually operated 5-1/8”
production wing valve is flanged to one side while a 2-1/16” manual kill wing valve is bolted on
the opposite side.

All tree and wellhead connections are API flanged.
WNB

The Xmas trees on WNB 1, 2, 3, 4ST1, 6, 7, 8ST1, 9ST1, and 10 are single block 3,000psi rated and
have a manual lower master valve, a wireline cutting actuated upper master valve, a manual swab
valve, an actuated production wing valve and a manual kill wing valve. The pneumatic actuators
are tied into the platform shutdown logic sequence.

The WNB 13H and 14H Xmas trees are also single block, but are rated to 5,000psi and fitted with
hydraulic actuated master and flow wing valves.

The WNB 5/ST1, 11/ST1, 12ST2/ST3, B15ST1 and B16ST2 utilise a tubing spool with a side through
bore. A horizontal block tree comprising a manual 5-1/8” 3000 psi gate valve, an actuated 5-1/8”
3000 psi gate valve and a manual 2-1/16" 5000 psi gate valve is flanged to the tubing spool side
outlet.

All tree connections are API flanged.
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2.5.6

2.56.1

Wells and subsea systems (down-hole equipment)

All wells have 5-1/2” or 7”, 13 Cr L80, premium connection tubing installed. Sand production into
the wellbore is mitigated by down-hole sand control across the production intervals in the form of
prepacked or premium wire wrapped screens.

The primary safety device in each well preventing the uncontrolled flow of well fluids, should an
event occur that precludes the use of surface safety systems, is a SSSV. The SSSV has metal-to-
metal seals. It is a ‘fail-safe closed’ valve, with the valve being normally held open by surface
applied hydraulic pressure via a 1/4” control line. The SSSV is generally set at approximately 110m
Measured Depth Subsea (water depth is 54m Indian Spring Low Water), while B5/ST1, B11/ST1,
and B12ST2/ST3, B15ST1, and B16ST2 have their SSSVs set at around 290m, 500m and 450m,
690m and 670m Measured Depth Subsea respectively (water depth is 54m Indian Spring Low
Water).

Each well has a production packer installed at approximately 550m TVD Rotary Table (RT). This
packer, in conjunction with a tubing seal assembly, provides the main annulus/reservoir isolation.

The completion design allows the setting of wireline plugs in nipples or blank tubing for isolation,
temporary gauge installation, etc.

Each producer (except for B11/ST1, B12ST2/ST3, B15ST1 and B16ST2 which are lifted via an ESP)
has one side pocket mandrel fitted for gas lift (B12ST2/ST3, B155T1 and B16ST2 do not have a gas
lift mandrel). Lift gas is injected down the tubing by 9-5/8" casing annulus and through gas lift
valve (GLV) set in the side pocket mandrel into the tubing to lift production fluids from the well.
The GLV is a ‘fail-safe closed’ orifice valve which is held open by the gas lift pressure and closed
automatically when gas lift pressure is removed.

B11ST1, and B12ST2/ST3, B15ST1 and B16ST2 are lifted via an ESP. the ESP is deployed on 4-1/2”
tubing string inside a 7” x 7-5/8” x 5-1/2” completion with the ESP sitting either inside the 7-5/8”
section or the 7” section.

The TRFCs installed on wells A6H1/H3, and B8/ST1 are down-hole hydraulic sliding sleeves that
are installed below the production packer in each of the wells to control flow from the main and
lateral production intervals. The TRFC does not have a safety function and is not part of any ESD
or safety function loops.

WNA process description

Overview

WNA is operated remotely from WNB. Reservoir fluids are produced through five gas lifted wells
(WNA 3, 55T1, 6H1/H3, 8ST1 and 9). There are no processing facilities on WNA, and all well
production fluids are sent to WNB platform via the production flowline. A second flow line is used
to supply lift gas from WNB to WNA.

Each well flow line is equipped with a low pressure (LP) pilot on the segment of the flow line
upstream of the remotely operated choke, an electrical resistance probe, temperature and
pressure measuring devices.
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The lift gas is imported from WNB via a lift gas line. The lift gas is not dried at WNB therefore
condensation will occur in the subsea flow line. Condensed liquid in the lift gas flow line is
removed in the Gas Lift Knockout Drum (14-V-101) and the liquid is returned to WNB with the
production fluids.
No instrument air is available on WNA; therefore, lift gas is regulated to 700kPa and used as
instrument gas. Instrument gas passes through the Instrument Gas Scrubber (14-V-100) before it
is distributed to the various users. Instrument gas exhausts from the users is manifolded to the
monopod vent for safe disposal. WNA process design is that should any significant deviation from
normal occur, the well system or complete facility is shutdown. On WNA surface or subsurface
shutdown, flow lines are not blown down. RSDVs close on both WNA and WNB, retaining
operating pressures and fluids in the flowlines and risers.
Refer to Figure 2-4 for the process flow diagram of the Wandoo facilities.
2.5.6.2 WNA isolatable hydrocarbon inventories
The isolatable hydrocarbon inventories on WNA are summarised in Table 2-14, based on the
design process conditions. Actual inventories at typical operating conditions will in most cases be
less.
Table 2-14: Isolatable hydrocarbon inventories
Inventory Pressure (Bara) | Temperature Total vapour | Total liquid (kg)
(°C) (m?)
1 - Production Flow Lines 12.0 50 1.0 145
2 - Production Header 12.0 50 2.2 319
3 - Gas Lift System 61 21 2.7 0
4 - Production Flowline 10.9 36 177.2 0.8
5 - Test Flowline 10.9 36 81 0.4
6 - Gas Lift Flowline 69.4 40 22.6 0
Note that the test riser and flowline systems are currently isolated and preserved and no longer
used for hydrocarbon service. It is used for round trip flushing with treated water of the
production riser and flowline system.
2.5.6.3 WNA gas lift system

Gas imported from WNB via a DN100 subsea flow line is used for gas lift of the production wells. A
riser shutdown valve (activated by LP pilot or by any surface shutdown) isolates WNA topside
from the gas lift import flow line. A gas lift receiver (14-R-100) facilitates pigging of the DN100 gas
lift flow line from WNB. Liquid condensing in the lift gas flow line system is separated in the WNA
Gas Lift Knockout Drum (14-V-101). Liquid from the knockout drum is routed to the production
header. The separated gas goes to the DN100 manifold from which it is distributed to provide gas
lift to five producing wells and supply to the instrument gas system. Each gas lift line is equipped
with shutdown valve, flow meter and flow controller, LP pilot and gas lift Emergency Shutdown
Valve (ESDV) mounted on the wellhead annulus wing valve.
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2.5.6.4 Instrument gas

An instrument gas system (with bottled nitrogen back up) replaces a typical instrument air system
due to the lack of compressed air source on WNA. The instrument gas passes through Instrument
Gas Scrubber (14-V-100) for liquid removal before reaching the distribution header. No liquid
separation is expected during normal operation. High liquid level switches provide alarms at WNB
for abnormal operation resulting in liquid build-up. In the event of pressure control valve (14-PCV-
1061) failure, high pressure in the scrubber 14-V-100 is detected by 14-PSH-1210 causing closure
of scrubber inlet shutdown valve 14-SDV-1131. The platform will continue to operate on nitrogen
backup gas until the problem is resolved or bottled nitrogen is depleted giving time for operators
to transfer to WNA solve the problem or to shutdown WNA in a controlled manner.

2.5.7 WNB process description

2.5.7.1 Overview

WNB platform provides facilities for processing, storage and export of Wandoo crude. It has 15
production well slots and one gas injection well.

Using gas lift or electric submerged pumps (ESPs) for artificial lift, crude oil is produced from
each well via individual wellheads, through the well headers and horizontal choke valves to
Production (two off) and Test manifolds. There the produced fluids combine with the production
fluids from WNA.

The crude processing facility consists of primary oil/water/gas separation followed by heating
and then secondary three-phase separation and solids removal. Wells which produce high
volumes of solids can be directed to a dedicated primary oil/water/gas separator, that includes
an online solids removal system, before being sent to the secondary three-phase separator. The
crude is cooled and stored in the concrete gravity base structure. Crude is pumped from storage
via a metering package, subsea flowlines and a CALM Buoy to a tanker during export operations.

Separated gas from the primary and secondary separation is compressed to provide lift gas for
the WNA and WNB wells, and fuel gas to the WNB gas lift compressor and main power
generators. Produced gas in excess of requirements is reinjected for both environmental and
fuel conservation management strategies into the reservoir via the gas injection well provided
for this purpose.

Refer to Figure 2-4 for a process flow diagram of the Wandoo facilities.

2.5.7.2 Process inventories

The Wandoo well fluids consist of a range between 93% and 99% water cut mixture of high boiling
point crude and PFW, along with associated methane gas. The main topsides inventory of the well
fluids is contained within the Test Separator, three Production Separators and the Second Stage
Separator. The crude is stored in the CGS compartments.

Table 2-15 shows the properties of various vessels.
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Table 2-15: Vessel pressure, temperature and flowrate

Vessel Liquid Pressure (kPag) Temperature (°C) Max slug
Flowrate i ) i ) size (m3)
(m3/day) Design Operating Design Operating

Test separator 2,385 1,100 750 80 49 3.2

Production separator (2) 19,080 1250 700 60 40 -50 16.0

Production separator No 3 14,340 1050 700 120 40-50 16.0

Second stage separator 19,078 400 400 120 60 N/A

The main gas inventory is contained in the test, 3 x production and Second Stage Separators,
together with the lift gas and recovered gas compressor packages and the fuel gas treatment
system.

Chemical storage and injection facilities are provided on WNA and WNB and are operated and
stored from bunded areas. Highly flammable chemicals are avoided if practical alternatives exist.

2.5.7.3 WNB isolatable hydrocarbon inventories

The isolatable hydrocarbon inventories on WNB are summarised based on the design process
conditions. Actual inventories at typical operating conditions will in most cases be less.

Table 2-16: Isolatable hydrocarbon inventories

Inventory Pressure | Temp (°C) | Total vapour | Total liquid
(Bara) (m?) (kg)

1 (Production flowlines, manifolds and headers) 8 40 7.5 2,300
2 (Test separator) 7 40 31.0 1,213
3 (Production separator x 2) 7 40 86.4 1,485
4 (Production Separator No.3) 7 40 53.22 1,400
5 (Second stage separator) 5.6 85 105.2 73,320
6 (Crude heat exchangers) 5.6 70 1.6 1,316
7 (Gas compression header) 8.9 39 3.1 0

8 (Gas compressor) 22.7 40 10.9 0

9 (Gas lift manifold) 70.1 40 0.4 0
10 (Fuel gas scrubber) 18.8 5 3.4 0
11 (Fuel gas header) 4.4 25 14.6 0
12 (Recovered gas) 6.8 40 2.7 0
13 (Oil metering) 15.8 40 0 2,632

2.5.7.4 Separation and conditioning

Two production separators (PS1 & PS2), operating in parallel provide free water ‘knockout’ and
gas separation. A third production separator (PS3) has been added which includes online solids
removal. The crude emulsion carryover from the production separators is heated in plate heat
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exchangers before being routed to the Second Stage Separator for further separation of crude,
water and gas.
The crude from the Second Stage Separator is cooled in plate heat exchangers prior to being
routed to one of the storage compartments located in the CGS.
Two pumps, one dedicated to each storage compartment, operate in parallel to provide oil
export flow. The pumped oil is metered on topsides and exported via subsea flowlines to an
export tanker at the CALM Buoy.
A common three-phase test separator is provided for WNB well testing. The test separator is
sized for 15,000bpd liquids, the nominal design well flow rate. Downstream of the test metering
equipment, the crude stream is fed to the Second Stage Separator and the water stream to the
Produced Water Treatment System. Gas from the test separator is routed to the gas lift
compressor.
Low-pressure gas from the Second Stage Separator is compressed in the Recovered Gas
Compressor then re-routed to the Lift Gas Compressor suction. The recovery of low-pressure gas
minimises the flaring of hydrocarbon gas from the facility.
2.5.7.5 Solids removal
On-line solids removal is achieved with the use of Solids Recovery Cyclone (SRC) manifolds,
installed in the base of the new PS3 and second Stage Separator. Motive fluid in the form of
produced water is used to fluidize the solids, for removal from the vessel. The motive fluid is
sourced from the outlet of the Induced Static Flotation Unit No. 2 (ISFU2) recirculation pumps.
The solids are directed to a solids removal system consisting of appropriately rated tanks, to
collect and store the slurry before disposal onshore.
2.5.7.6 Gas Lift
The lift gas compressor is a two-stage centrifugal compressor. Each stage has independent surge
control. An overall compressor recycle line and control valve is installed. The valve position is set
depending on compressor control and throughput requirements.
Lift gas flow to each well is measured and flow controlled. Surplus gas is routed to the gas
injection well for injection back into the reservoir.
2.5.7.7 PFW treatment

Water produced from the wells is treated and processed through the production process and is
discharged as PFW. Up to 32,000m3 of PFW is currently discharged per day at the facility. The
PFW is discharged 8m below the water surface at a temperature of ~51°C. The PFW flow rate is
managed to a maximum flow rate of 32,000m3/day, with a daily average oil in water (OIW)
acceptable limit of 12.5mg/L (refer to Table 2-17 for acceptable and unacceptable PFW OIWs at
proposed flow rate regimes).

Two hydrocyclones are installed on the main production separator water outlets for PS1 and PS2
on the WNB Main Deck. A third hydrocyclone is installed on the cellar deck for treatment of the

Page 56



VERMILION OIL & GAS AUSTRALIA VERMILION

Title: Wandoo Facility Environment Plan Am?;',.‘:‘,i:.s s
Number:  WPA-7000-YH-0007 R -
Revision: 13 e ———————ca
Date: 8 September 2020 —
water from PS3. The hydrocyclones serve primarily to separate oil droplets from the PFW streams
emanating from the production separators and reduce OIW content.
The water from the hydrocyclones is routed to the ISFU1 or ISFU2. Recovered oil from the
hydrocyclones is fed to the recovered oil tank or the recovered oil vessel and then pumped onto
the Second Stage Separator. PFW from the Second Stage Separator is treated in ISFU1 or ISFU2 to
further reduce OIWs prior to discharge.
2.5.7.8 PFW Upgrades
Background

The Wandoo Field commenced production in November 1993 and over 50% of the estimated oil
in place has been recovered to date. This is a very high recovery factor, with the ultimate recovery
factor estimated at 60+% (dependent on maintaining commerciality). Most high-permeable,
water flooded fields in the world would expect recoveries up to 40% as an exceptional ultimate
recovery factor. The high recovery of the Wandoo Field is a direct result of the quality of the
reservoir and the aquifer pressure support, which is the source of the PFW. The average produced
field water cut is currently ~96% with typical production of ~1.6—2.4mmbbls in a calendar year.

Ultimate recovery assessments are conducted based on the end of the economic viability of the
field, not necessarily the end of the reservoirs ability to produce oil. Adding production volume
directly contributes to revenue, while the costs to operate and maintain the Wandoo Field stay
generally fixed, making the asset more efficient. By improving the economic viability over a long
term, the ultimate recoverable reserves will also increase. The current production capacity due to
the reservoir quality and pressure support is greater than the current overboard water limitation.

The 2017/18 upgrade increased total fluid production rates, and reduced OIWs, thereby
improving the economic viability. This extends the duration of time Wandoo could be
economically produced, and thus increases the ultimate estimated recoverable reserves.

The proposed upgrade has the same objective and enables a number of solids producing wells to
be produced at their maximum rates (increase total fluid production rates) whilst managing a key
cause of OIW performance.

2017/18 Upgrade

The Wandoo Field originally included two coalescing vessels which where historically used to
remove water from oil prior to the oil accumulating in the storage cells. These vessels were in
service when the field produced at significantly lower water cuts. Now that the field produces
~96% water the vessels are not required for oil polishing and the process was bypassed around
these vessels. One of these vessels was modified to become ISFU 2 and added to the PWTS to
help reduce the OIW. This vessel conversion mimicked the PWTS, namely the ISFU, resulting in a
total of two flotation units. The previous vessel, the ISFU 1, achieved 90% of the current oil
recovery from water, however that vessel was at capacity and did not process the entirety of the
process water at Wandoo. The installation of the second flotation unit reduced the load on the
original unit and enabled the entirety of the process stream to flow through one of the oil
recovery vessels.
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The completed upgrade to increase the total fluid production rates, at reduced OIWs, was
achieved in 2018 by improving the process as outlined below:

e Increased well production via four downhole electric submersible pumps (ESP)met the
increase in water handling capacity.

e Increased the capacity of the two hydrocyclones from 5,000 to 10,000m3/day to increase the
flow rate through the production separators. This resulted in a corresponding hydrocyclone
size increase from 30” to 42” outer diameter (OD).

e Converted the redundant first stage coalescer to ISFU operation. This involved modifying the
vessel internal pipework and providing a “microbubble” generating pump. The ISFU2 was
commissioned in Q1 2018.

e Upgraded the recovered oil system to route the separated oil back to the second stage
separator.

e Upgraded the OIW monitoring system.

Due to the high efficiency of OIW recovery of the existing ISFU, the addition of the second
flotation unit and other processes improvements has achieved an improved OIW concentration of
12.5mg/L or lower at a maximum PFW throughput of 32,00m3/day with a corresponding increase
in base oil production rate of ~30% (795kIOPD to 1030kIOPD).

OIW performance issues

From late 2017, Wandoo B began receiving a noticeable increase in solids being produced from
three wells. A review of all wells identified producing wells B12ST2/ST3, B13H and B14H resulted
in solids (which can be oil coated) being carried into the separation trains. This results in reduced
produced water treatment system performance as solids build up in the vessels can impact on
operability system and oil/water separation.

Analysis of high OIW excursion events recorded in accordance with the Produced Water Adaptive
Management Strategy [WNB-7000-RP-0010] (refer Section 6.7.6) from September 2017 to June
2020 was undertaken. This identified 12 months that each recorded over 25 events per month,
with sediment ingress into the process as the direct cause of over 80% of these events (427 of
510). These 12 months of high OIW excursion event numbers accounted for approximately 80% of
the daily acceptable OIW limit exceedances (71 of 91) during the period.

Proposed upgrade

Proposed upgrade to Wandoo processes involves creating a solids removal system utilising a
dedicated process stream for solids producing wells, via producing the solids producing wells into
Production Separator 3 (PS3) and solids removal equipment installed into the Second Stage
Separator (refer to Figure 2-4). The goal of the solids removal system (PS3 conversion and
installation of solids removal equipment into the Second Stage Separator) is to limit OIW impact
and reduce production impact when solids are being removed from process vessels. The outcome
of introducing the solids removal system, will enable ISFU 1 and 2 to work at full capacity (process
18,000m3/day), resulting in total produced water discharge capacity of 36,000m3/day.
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2.5.7.9 Ballast water storage, treatment and discharge

Sea Water is used to ballast the Facility during hydrocarbon export. As oil is exported, ballast
water flows into Shaft 4 and into the compartments via the buffer cell to replace the exported oil.
Ballast water discharge is generally equal to daily oil production and is typically managed between
700-1,500m?3/day. Typical OIWs of ballast water is a low <3mg/L due to the long residence time
and dilution in the tanks and buffer cell, and the deep suction location of the ballast water pumps.

Ballast water is pumped via one of two ballast water pumps in a duty/standby arrangement. The
electric submersible pumps are located in caissons within Shaft 4.

Water level in Shaft 4 is controlled via the ballast water pump flowrate by an automated level
control valve. This maintains the drawdown level to an elevation of approximately 15m below sea
level. The water is discharged to sea via the ballast water OIW analyser on the topsides then
discharged overboard with the PFW discharge. Ballast water is monitored for OIW content and

only water within specification is discharged overboard.

Hypochlorite is injected continuously into the facility seawater service system intakes.

2.5.7.10Combined PFW and ballast water discharge

The historical average volume of PFW and ballast waste discharged per day and the OIW

concentration is outlined in Table 2-18.

Table 2-18: Annual PFW and ballast water OIW and flow rate averages

Year Ballast Water Flow PFW Ballast Water OIW PFW
Rate Flow Rate oW
m3/day m3/day mg/L mg/L
2007 1,193 17,100 9.8 22.0
2008 1,076 22,386 16.4 21.4
2009 1,241 23,320 8.0 15.6
2010 1,169 21,513 2.0 13.2
2011 1,298 23,165 23 11.0
2012 1,011 21,532 1.8 12.4
2013 1,030 21,550 1.9 11.3
2014 1,044 21,022 3.1 14.7
2015 1,026 22,355 4.3 13.6
2016 1,037 21,941 2.2 11.7
2017 957 22,612 2.5 13.8
2018 764 24,101 2.0 8.0
2019 970 24,729 1.0 8.3
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Table 2-19 outlines the total volume production flow rate and associated target acceptable 24-
hour OIW limits. The PFW throughput was increased in stages until a flow rate maximum of
32,000m3/day was achieved in 2018 with an acceptable 24-hour PFW OIW performance of
12.5mg/L or less. A maximum flow rate of 37,500 m3 (36,000 m3/d PFW and 1,500 m3/d Ballast
water) and OIW of 11.1mg/L is proposed.

The ongoing flow rate regime used will depend on the flow rate that can be delivered from the
wells and the OIW performance possible from the treatment system. The OIW targets are based
on mass balance calculations where the total quantity of oil in the PFW is not increased as
throughput is added. Continuous efforts to improve OIW management are made and typical
performance is maintained under this acceptable limit.

The unacceptable 24-hour limits (see Table 2-20) if exceeded, would be considered a recordable
incident.

Table 2-19: PFW and ballast water flow rates and acceptable OIW limit

Flow Rate Regime Ballast Water Flow Rate Maximum PFW Acceptable OIW
Flow Rate 24-hour Limit
m3/day mé3/day mé3/day mg/L
26,100 1,500 24,600 16.7
28,500 1,500 27,000 15.2
30,500 1,500 29,000 14.2
33,500 1,500 32,000 12.5
37,500 1,500 36,000 111

Table 2-20 Unacceptable OIW 24-hour limits

Flow Rate Regime Unacceptable OIW
24-hour Limits
m3/day mg/L
26,100 30.0
28,500 25.9
30,500 24.2
33,500 22.0
37,500 19.5
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2.5.7.11Ballast water oil interface system

A temporary skimmer pump can be used in Shaft 4 when necessary to remove any possible oil
carryover floating on the ballast water surface.

2.5.7.120iIl storage system

The two large oil storage compartments in the CGS base are filled with oil floating on top of
seawater (ballast water), and maintained at a drawdown pressure by keeping the water level in
Shaft 4 at an elevation of ~15m with respect to LAT.

Stabilised and degassed, Crude at atmospheric pressure and ~40°C flows into the ‘rundown’
caissons and into the storage compartments or cells displacing its own volume of ballast water.
The top interconnections between the cell groups of each of the larger storage compartments
allow oil to flow between them and maintain a uniform level. The displaced ballast water flows
into the buffer cell and then into Shaft 4. To ensure that the ballast water outflow equals the
crude production, the ballast pump discharge flow is adjusted to maintain the Shaft 4 water level
set point. The ballast water is discharged to sea via the ballast water OIW analyser on the
topsides.

Chemical treatment (biocide) of oil storage compartments may be infrequently required to
minimise microbial growth and is typically done during exports via biocide treated produced
water added at Wandoo A.

When export of the oil is required, the oil is exported to the tanker moored at the remote CALM
Buoy. Normal practice is to export from both compartments simultaneously along with
concurrent oil production. One oil export pump is provided for each storage compartment. The
pump impellers are vertical type shaft driven and are located in glass reinforced epoxy caissons
and are top driven by electric motors situated on the Cellar Deck. The pump can be withdrawn for
maintenance when necessary.

2.5.7.130iIl interface system

The Interface Layer system is designed to remove any oil/water emulsion that may form at the
interface in the oil storage compartments. The inlet suction is situated below the level of oil
export suction inlet in the storage compartments. The interface pump is run during export and
the system detects the change in density of the interface before it rises to the oil export pump
inlet level. This ensures the export crude does not include any free water.

Each main oil storage cell compartment has its own interface pump. The buffer cell also has an
interface pump to recover any oil that may be carried over should the main storage cells be
accidentally overfilled. Fluid recovered by the interface system is diverted back to the oil storage
compartments.

2.5.7.14Seawater for cooling

Seawater is primarily used for processing and utilities cooling at WNB but also provides firewater
ring main pressurisation and is a feed source for the potable water maker and the hypochlorite
generator. Approximately 1,000m? seawater is pumped into the facility per hour. Seawater is
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lifted from the sea by one or two of three seawater lift pumps, more seawater is required for
cooling in summer than winter due to the increase in ambient seawater temperature.

To prevent marine growth in the seawater system, seawater is treated by continuous dosing of
hypochlorite at 1-2mg/L which is consumed by organic material prior to discharge. The heated
seawater is discharged directly to the ocean after usage. Seawater discharged to the ocean (at
surface) from the cooling system is elevated in temperature by 2-3°C.

Freshwater generated by the on-board reverse osmosis plant (Section 2.6.9) is also used to top up
the closed loop facility cooling medium system which provides process and machinery cooling.
The cooling water contains a corrosion inhibitor at a dosage rate of around 0-5% of total cooling
system volume, which equates to approximately 20L per year.

2.5.7.15Sand filtration

The Wandoo reservoir is unconsolidated sandstone that is prone, if not controlled, to excessive
production of sand, where the sand comes to the surface with the produced oil and water.
Historically, any solids, including sand and rock fragments accumulate in the production vessels
and they are removed during plant shut downs, and are then transported to shore for treatment
and disposal. In the future, these solids will be able to be removed from PS3 and the second stage
separator whilst these vessels are online via the solids removal system. Recovered solids will then
be transported to shore for treatment and disposal.

The quantity of sand produced at Wandoo has historically been minimised by the installation of
down-hole sand control across the production intervals in the form of prepacked or premium wire
wrapped screens. However, three wells currently produce more solids than the other wells
(B12ST2/ST3, B13H and B14H) and will be treated via the solids removal system described in
Section 2.5.7.8.

2.5.8 Flaring, blowdown and process venting

2.5.8.1 Flare and blowdown

Production gas is separated from the well stream by the production separators. Production gas is
divided into fuel gas, lift gas and reinjected gas. Fuel gas is used to power the generators and
compressor. The excess amount of the remaining gas is reinjected. If the compressors are unable
to cope with large volumes of gas coming into the separators the excess gas will be diverted to
flare to maintain pressure control. Flaring is only used for separator pressure control and safety
reasons and is a key component of the ESD and blowdown systems.

The flare system consists of:
e Pressure control valves on each major process vessel or system;
e Relief devices at source;

e Relief headers routed to the inlet of the flare knockout drum. The knockout drum is sized for
knocking out liquids above 300 microns size during gas blowdown;

e Flare outlet pipe, supported on a flare boom from the knockout drum to the flare tip; and

e Flare tip with flare ignition pilots.
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2.5.8.2

The flare knockout drum is sized to remove significant liquid droplets from the gas stream at
maximum throughput.

Pressure relief devices and blowdown valves protecting equipment and piping systems are routed
to the flare system. Maintenance venting of pressurised hydrocarbon systems and pressure
control of the separators are also routed to the flare system.

The automatic blowdown of the process pressure vessels and lines is initiated by fire or confirmed
gas detection on the platform. The blowdown system is sized to depressurise the process vessels
quickly and safely as per performance standard requirements

The relief and blowdown discharge is routed via header lines to the Flare Knockout Vessel, sized
to remove entrained liquid from the gas. The separated gas is routed to the flare tip via flare
header. The separated liquids are returned to process via the closed drains system.

The blowdown system is tested as per performance standard requirements.

The flare system is designed to handle the maximum throughput from the blowdown systems.
The flare system is rated for 60,000Sm3/hr. The blowdown rate is calculated as 27,000Sm3/hr.
Flare volumes or rates are monitored, and the platform aims to minimise flaring as far as possible.
Generally, the WNB flare is low enough that it is only visible at night. There is monitoring and
detection of both pilot burners’ functionality including an alarm if the pilot goes out.

The gas is primarily comprised of methane (CH4) and inert nitrogen gas (N2) used to purge and
sweep some of the hydrocarbon containing equipment. The primary by-products produced from
flaring are carbon dioxide (CO2), carbon particles, and water. Trace amounts of hydrocarbons,
carbon monoxide (CO), oxides of nitrogen (NOx) and oxides of sulphide (SOx) are also present.
Fuel gas that is combusted in the turbines produces similar by-products.

Process vents

Smaller volumes of other gases are vented from some of the oil rundown caissons, the produced
water treatment system, diesel storage tanks, and from the electro-chlorinator which emits low
levels of hydrogen gas (H2). The rate of venting is based on the daily process throughput.

Cold venting from the flare is rare and generally avoided. Cold venting from flare should only
occur if the flare pilots are malfunctioning and are not lit.

Nitrogen is used as a blanket inert gas within the WNB process low pressure vents and flare. This
sweeps the headers and prevents high concentrations of methane (CH4) from building up within
the pipework.

Small quantities of methane are also released from WNA via pneumatic chemical pumps and
instrument gas system vents.

These gases contribute to the atmospheric emissions associated with the activity and are
reported as part of the NGERs reporting requirements.
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2.5.8.3 Chemical injection
Production chemicals are injected at various stages in the process for following purposes:
e Prevention of marine growth and scale formation within utility pipework;
e Management of internal corrosion of pipework; and
e Optimising process separation of oil and water.
The following chemicals are added into the PFW streams:
e Corrosion inhibitor;
e Water clarifier;
e Oxygen scavenger;
e Scale inhibitor;
e Reverse demulsifier;
e Forward demulsifier; and
e Biocide is also added in batches as part of flow line and riser pigging operations with details
outlined in Section 2.7.3.
2.5.9 Process control features
2.5.9.1 Production
Production flow from each WNB well can be adjusted using the manual choke valves, but in
practice it is controlled primarily by the gas lift flow rate or ESP speed. The gas lift rate to each
well is measured and is controlled by a flow control valve. ESP speeds are governed using a
Variable Speed Drive (VSD). The optimum production rate required for each well is normally set
following well testing.
To ensure that the ballast water outflow equals the crude production, the ballast pump
discharge flow is adjusted to maintain the Shaft 4 water level set point. Selection of well routing
from WNA and WNB wells for the test separator and either of the two production separators is
achieved by manually operated header valves.
2.5.9.2 Level control

The WNB separator level control systems provide the ability to operate the separator interface
level by either direct level control from the displacer instrument in the separator to the stream
outlet valve, or by imposed cascade control where the outlet valve operates on a flow control set
point cascaded from the level indication from the displacer measurement in the separator. This
provides a secondary control method for the interface level, which can be difficult to measure in
heavy oil separation at lower temperatures, and also provides a damping of liquid outflow during
slug flow to the separators.
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2.5.9.3 Well fluid heating

Process flow from First Stage to Second Stage Separation is heated by flowing through a crude
heat exchanger to improve oil/water separation in the Second Stage Separator.

2.5.9.4 Crude pumps and metering

During oil export start-up, the pumps are started on re-circulation control prior to the metering
system ‘ramp-up’ sequence of controlling the export throughput. Pump minimum flow is
maintained by monitoring the metered flow rate and the recirculation flow rate to control the
bypass rate.

2.5.10 Safety control systems for use during emergencies

2.5.10.1General

The following systems are provided for control during emergencies.
e Fire and Gas (F&G) detection system;

e Process Shutdown (PSD)/ESD system;

e Matrix panel;

e ESD-0 Relay panel; and

e Monitoring and Control System (MCS).

2.5.10.2WNA systems
Fusible plug/ESD panel 1P101

The ESD panel IP101 includes:
e Subsurface and surface shutdown of WNA wells;

e The provision of a surface output from the panel to trip, instrument gas scrubber shutdown
valve — gas lift flow line manifold valves and gas lift knockout drum shutdown valve;

e Repeat pressure switches to monitor the gas lift flow line pressure pilots;

e Alllocal manual override/trip hand switches on IP101 have one common override/test/run
pressure switch at the remote telemetry unit; and

e Remote reset/start-up override header.

Subsurface control panel IP-102 provides subsurface shutdowns and interface for workover
control.

Valve shutdown panel IP103

The valve shutdown panel IP103 includes:

e The production flow line shutdown logic allows the shutdown of valve 14-SDV-1065 to be
activated from WNB or locally on surface shutdown;
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e The test flow line shutdown logic allows valve 14-SDV-1075 to be shut down from WNB; and

e Gas lift isolation valve 14-SDV-1078 can be reset from WNB or locally.

Note that the test riser, header and flow line systems are currently isolated and preserved and no
longer used for hydrocarbon service. It is used for round trip flushing of the production riser and
flowline system.

Interface control panel IP104

The interface control panel contains the following:

e A gasreset header/manifold with electrical solenoid and quick release valve to allow start up
override operation from WNB;

e Solenoids for individual well surface shutdown initiated from WNB;

e Repeat switches 14-PSL-0100 to 0500 for monitoring upper master valve open/closed status;
e Manual override/test/run hand switches for the gas lift wing and manifold shutdown valves;
e Gas lift manifold pressure pilot and repeat switch;

e Instrument gas scrubber high-pressure pilot and repeat pressure switch to monitor the pilot
status; and

e Repeat pressure switch to monitor the gas scrubber high level alarm.
Simultaneous Operations (SIMOPS) with MODU

During well construction operations, an ESD-1 (subsurface shutdown) electrical link is installed on
the MODU, with shutdown buttons places in the Doghouse and the Radio Room. The ESD loop is
linked up to the ESD panel IP101. Prior to commencement of the well construction operation, the
ESD loop is function tested to ensure that the correct signal is being sent and received.

2.5.10.3WNB systems

Fire and gas detection systems

The F&G detection system initiates all ESD executive actions including ESD-0 (e.g. control system
and battery isolations), ESD-1, ESD-2, platform alarms, firewater and appropriate fire suppressant
systems. The fire protection systems on WNB include:

e Water deluge to process areas;
e CO2 suppressant systems to turbine and emergency generator enclosures; and

e Foam (Aqualoy) systems to fire pump enclosures and galley range hood, water sprinkler
system to accommodation internal rooms.

It also sends a signal to the PSD/ESD system to initiate other ESD levels. The hardware consists of
a dedicated ‘Triconex’ programmable logic controller connected to the ‘Honeywell’ MCS. All F&G
status and alarm conditions are displayed on the control room console Visual Display Unit (VDU)
graphics. Operator actions acknowledge (e.g. alarm logic reset, fire zone lockouts, setting
maintenance overrides) are initiated from the graphic displays or keyboard action.
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The ‘Triconex’ systems have triplicate internal architectures and the MCS interface hardware is
duplicated to increase the availability and safety of the systems. Power to the ‘Triconex’ systems
is supplied from two independent 24V DC battery-backed power supplies.

Process and emergency shutdown system

The PSD/ESD system initiates all ESD 1, 2, 3 and unit shutdown actions. The hardware consists of a
dedicated ‘Triconex’ programmable logic controller connected to the MCS for display of all
shutdown alarms on the VDU graphics and facilities for operator actions (e.g. unit shutdown
resets, setting maintenance overrides).

Matrix panel

The process matrix panel consists of switches, pushbuttons and indicators and is wired directly to
the PSD/ESD system. The F&G matrix panel is wired directly to the F&G system to provide direct
operator execution of emergency outputs and actions.

ESD-0 — Relay panel

The ESD-0 relay panel is an independent hardwired system designed to initiate ESD-0 executive
actions in the event of a total failure of the F&G system. Without the F&G system, the safety of
the platform cannot be monitored, necessitating a total shutdown of the facilities. Initiation of
ESD-0 is from pushbuttons in the control room and at the lifeboat stations; and is initiated
automatically when all three F&G processors fail or if gas is detected within the Temporary Refuge
(TR) area.

Monitoring and control system

The MCS is located in the Central Control Room (CCR) within the TR and performs all monitoring
and control functions on WNB and provides operations and monitoring interfaces to the F&G,
PSD/ESD and WNA systems. The MCS consists of Honeywell Experion hardware that has a
duplicated architecture to increase system availability. The control room console contains five
VDU-based four operator stations and multiple displays and three printers that are used for
reporting, indication and alarming of the MCS, PSD/ESD, F&G and WNA systems. All displays and
operator functions are accessible from operator stations.

Monitoring is also possible remotely through Honeywell Experion station and LAN connection.
The Experion provides easier Honeywell maintenance and engineering upgrades to be completed
on the monitoring system and is an additional screen which displays critical alarms. Excessive
number of alarms can be silenced during an emergency situation to give the operators a better
focus on the key control actions.

SIMOPS with MODU on WNB

During well construction operations, an ESD-1 (subsurface shutdown) electrical link is installed on
the MODU, with shutdown buttons places in the Doghouse and the Radio Room. The ESD loop is
linked up to the ESD panel IP101. Prior to commencement of the well construction operation, the
ESD loop is function tested to ensure that the correct signal is being sent and received.
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Figure 2-4 Process flow diagram of Wandoo facilities

Page 68



VERMILION OIL & GAS AUSTRALIA

VERMILION
Title: Wandoo Facility Environment Plan MH?:,.}:‘:T s
Number: ~ WPA-7000-YH-0007 e
Revision: 13 Em——————conf
Date: 8 September 2020 —

2.5.11 Export of hydrocarbons

2.5.11.1Export system flow lines

The export lines inventory is crude oil of the required specification. Table 2-21 shows the

properties of the export system.

Table 2-21: Export system line pressure, temperature, flow rates and components

Flow line Size Operating pressure Design Flow rates | Components
(kPag) temp. (°C)
Design | Operating

Export Flowline 2No 14” NB 2700 1320 60 150,000 - | Heptanes Plus
300,000bpd (crude oil)

PLEM 14” OD (manifold 1960 - 21to 40 150,000 - | Heptanes Plus
and piping) 300,000bpd (crude oil)

Submarine Hose 10X 16” NB - 1900 -20 to +82 150,000 - | Heptanes Plus
Assembly (SHA) 300,000bpd (crude oail)

Floating Hose 1x12/16” NB - 1900 -20 to +85 150,000 - | Heptanes Plus
Assembly (FHA) 23 x 16” NB 300,000bpd (crude oil)

2.5.11.2CALM Buoy system

The tanker anchoring zone is located five nautical miles from the Wandoo facilities. The Wandoo
Mooring Master boards the vessel two nautical miles out from the terminal. A series of safety
checks are then undertaken before piloting and berthing the tanker onto the CALM Buoy that is
located 1.2km north of the WNB platform. A three-knot speed limit applies within the 500m
restricted zone. The CALM Buoy is 15m in diameter and 8m deep and comprises a central
chamber surrounded by six watertight compartments. Two of these compartments are filled with
polyurethane foam to ensure positive buoyancy should accidental flooding occur.

The buoy is anchored to the seabed by six anchor lines.

The central chamber contains the product pipework that connects the under-buoy hose to the
Product Distribution Unit (PDU). The PDU comprises a fixed inner section and an outer section
that is free to rotate with a rotating arm assembly and permits the tanker to weather vane about
the buoy whilst continuously loading crude oil.

The rotating arm assembly comprises a pipe arm, mooring arm and balance arm. The pipe arm
carries the crude flow to the floating hose. The mooring arm provides an attachment point for the
mooring hawser. The balance arm is oriented to counterbalance the weight of the mooring arm
and pipe arm, thus balances the mooring loads and allowing the arms to rotate.

Pre-start and routine checks are performed of the vessel during offloading in accordance with
requirements of the SPM Marine Facilities Procedures (WPA-7000-YV-0002). Whilst the shipping
service checks the tanker for class and compliance with terminal requirements, the mooring
master signs off on the vessel prior to allowing the ship to proceed to berth at the CALM Buoy.
The tankers remain on site for up to 48 hours.
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2.5.11.30fftake operation
Overview

Oil is offloaded from the WNB CGS through twin 348mm 1.2km long flexible flowlines to a CALM
Buoy via a Pipelines End Manifold (PLEM) and submarine hose system.

The oil export pumps draw the oil from the storage compartments of the CGS through the oil
export product storage facility lines in Shaft 4. The oil then passes through the metering skid
located at the north end of the Cellar Deck and Shutdown Valves (SDVs). The oil then travels down
twin 355.6mm outer diameter (OD) carbon steel risers located on the external west face of Shaft
1 to a twin 1.2km flexible flowline system from WNB to a CALM Buoy via a PLEM and submarine
hose system.

The system comprises the following:

e WNB topside export piping from each storage cell with an individual export pump, metering
run and ESDV installed on the Cellar Deck. The systems are flanged to a tie-in to the platform
export risers;

e Aflowline riser (356mm OD) installed externally down the west face of Shaft 1 of the CGS,
crossing to the south of Shaft 4 to the western edge of the platform substructure to terminate
approximately 1m above the scour protection, 20m from the northwest corner of the
substructure; and

e Two 348mm ID approximately 1,250m long smooth bore flexible flowlines running due north
from the platform. Flowlines are flanged to the riser and to the PLEM. Subsea flowlines are
subject to regular subsea inspection where the support of the flowline on the seabed is
inspected for scouring or change.

A gravity based subsea PLEM structure contains the 356mm OD manifold pipework. Flow is
commingled via equal diameter barred ‘Tee” and is configured to allow for future ‘round up’
pigging of the subsea lines. The pipework contains a single diver operated, in-line ball valve
downstream of the manifold. Pipework terminates in a single 400mm NB ANSI class 300 bolted
flange.

Tanker movements

The offtake tankers have a maximum capacity of 700,000bbl, with exports from Wandoo ranging
from 80,000bbl to a maximum loading of 350,000bbl. Tankers usually arrive empty, although in
some instances they can be co-loaded at another facility before arriving at Wandoo.

Tanker movements occur every three to eight weeks, depending on production rates and market
requirements. Duration of export activity is typically 12-24 hours depending on the export cargo
size and transfer rate.

The most frequently used tanker type is the Suezmax, details are outlined in Table 2-22. The
largest fuel cell capacity is in the order of 5,000m?, due to the variation in tanker designs VOGA
has used 10,000m3 as the largest worst-case credible spill volume.
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Table 2-22: Tanker details
Name Length (m) Cargo tank Heavy fuel oil Diesel capacity
capacity (m?3) capacity (m3) (m3)
Suezmax 281.20 185,447 4,025 130
Inerting and venting of cargo tanks
Inerting of tankers cargo tanks is predominantly through the use of inert gas that is extracted
from exhaust emissions of the tankers engines heavy fuel oil (HFO) and is required to prevent
potential tanker explosions, through build-up of an explosive gaseous oxygen/hydrocarbon
mixture above the liquid phase. The mooring master checks with the tanker Master that this has
been done prior to loading. During loading, this inert gas is vented through the vessel sealed vent
stack as the tanks fill with crude displacing the inert gases.
2.6 Support activities for operations
Includes all supporting activities required to meet the primary activities of processing, storage and
export of hydrocarbons from the Wandoo Facility.
2.6.1 Crane operations
Platform cranes transfer materials to and from the supply boats and any materials on the WNA
and WNB platforms. Table 2-23 shows crane types and locations on the Wandoo platforms.
The cranes on WNA and WNB are powered by diesel engines.
Table 2-23: Crane types and locations on Wandoo platforms
5 Winch capacities
oom ,
A e =i length Main hoist Fly hoist SRl
Low High Low High
WNA 60 RL 824 12 7 N/A N/A N/A Isuzu 6BD1
WNB ML 6400 26651 39.6 25 10 N/A N/A GM8V-92TA
2.6.2 Marine vessel operations

Support vessels are normally contracted to support the Wandoo Facility operations, and provide
the following services:

e Supply materials and services and bulk and liquid waste removal;

e Diesel bunkering;

e Offtake operations;

e Vessel based marine mooring facilities maintenance;

e Diving operations for inspection, maintenance and repair of subsea infrastructure;

e Surveys including remotely-operated vehicle (ROV), side scan sonar, sub-bottom profiling;

e Emergency response, including standby and rescue and on-site oil spill response.

Examples of typical support vessels used for these activities is provided in Table 2-24.
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Table 2-24: Example support vessel details

Activity Vessel name Gross Tonnage
Production support, diesel Bhagwan Athos 2237

bunkering and ROV Mermaid Guardian 499

Air diving Mermaid Investigator 1271

Dive support/construction vessel |Sapura Constructor 8337
(saturation diving) Subsea 7 Eagle 9556

It is estimated that infield vessel movements at the Wandoo Facility are in the order of one per
week. Saturation diving vessels only as required for specific activities but generally are a one in
five-year event. Most of these vessels are based in Dampier.

All vessels are required under contract to comply with all State and Commonwealth legislation for
the control of all sources of pollution and of discharges at sea, Marine Orders (enact MARPOL)
and quarantine requirements. In addition, all vessels are required to have a Shipboard Oil
Pollution Emergency Plan (SOPEP).

2.6.3 Helicopter operations

Primary personnel access to the WNA and WNB platforms is by helicopter. Normal transport of
materials is by supply vessel. Helicopter transport is used on occasion for small items requiring
urgent delivery.

It is estimated that helicopter movements at the Wandoo Facility are in the order of four per
week, with one trip per week to the WNA Facility.

2.6.4 Diesel bunkering

Diesel bunkering is undertaken in accordance with the procedure outlined in the Platform
Operations Manual. Diesel fuel required for fuelling the Facility is transferred from a supply vessel
via a flexible hose to the WNB platform. The diesel bunkering hose connects to receiving manifold
on the WNB topsides which provides course filtering of the diesel before directing flow to Shaft 2
inlet standpipe. Shaft 2 has a maximum diesel storage volume of 2,500m3. Bunkered diesel is
treated with diesel fuel preservative or equivalent (aquatic biocide) to ensure fuel is suitable for
long-term storage in Shaft 2. This will remain in the diesel and is not discharged. On completion of
the diesel transfer from the support vessels, the contents of the hose are drained back to the
vessel tanks(s). An end cap is fitted to the flexible hose before it is recovered from the vessel deck
and stored on the facility hose saddles.

The frequency of diesel bunkering depends on the diesel storage capacity of the supply vessel
used and supply vessel availability. The largest bunkering vessel that is used has three tanks each
with a storage capacity of 400m3. Bunkering takes place as required depending on operational
needs. The average supply vessel has a diesel storage capacity of 200m3.

2.6.5 Waste management

The VOGA Waste Management Procedure specifies that all wastes, apart from approved
discharges are stored in suitable containers on the platform and returned to shore for disposal.
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The waste streams covered by this procedure fall into three main categories:
e Recyclable (non-hazardous).
e General (non-hazardous).

e Hazardous.

The procedure provides detailed information and guidance to ensure that waste is correctly
identified, classified, labelled, stored, transported, treated, and disposed of in accordance with
regulatory and VOGA requirements.

2.6.6 Chemical Management

Procedures specified in the applicable Safety Data Sheets (SDS) are followed whenever handling
chemicals. The SDS are managed in a database (HSE MS Element 11 — Information Management
Documentation and Records). Both offshore and onshore personnel can consult the database. A
Job Safety Analysis (JSA) is conducted for any work that involves the handling of hazardous
substances, as outlined in the Wandoo Work Management Manual [WPA-7000-YG-0021].

The Wandoo Work Management Manual also outlines the following:
e Action required in the event of chemical contact;
e Labelling of decanted substances; and

e Personal Protective Equipment (PPE) required for chemical handling.

Areas where chemicals are used and stored are prepared by:

e Providing appropriate protective equipment;

e Training of affected personnel;

e Ensuring appropriate safety and spill response equipment is readily available;
e Erecting warning signs;

e Providing access to SDS; and

e  Providing required bunding.

Chemicals classified as dangerous goods must be stored in accordance with the requirements of
the particular dangerous goods class.

2.6.7 Power generation and compression

The facility main Alternating Current (AC) power is provided by two Gas Turbine Driven Generator
Sets (located on the Main Deck), and one Diesel Driven Emergency/Standby Generator set located
on the Cellar Deck. The two Turbine Driven Generator Sets have the capability of running on a
diesel or natural gas fuel supply.

The Turbine Driven Generator Sets are the normal source of AC power for the Facility. The two
Turbine Driven Generator Sets and the Standby/Emergency Generator Set have the capability of
parallel operation. The requirement for initiation of parallel operation is dependent on Facility
load demand and to suit operational procedures, such as carrying out routine maintenance/load
checks on the Standby/Emergency Generator.
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The AC power for the Facility is generated at 6,600V AC and distributed at 415V, three-phase, four
wire facilitating provision of neutral earth resistor for current limiting of neutral to earth fault via
two 6,600/415V step down transformers. Each of these transformers is capable of providing the
total power requirements for the Facility LV loads. In normal operating conditions, both
transformers are operative and share the AC electrical load of the Facility.
The voltage levels utilised on the Facility are listed in Table 2-25 below.
Table 2-25: Voltage levels at the Facility
Equipment Voltage levels
Main Turbine Driven Generators 6,600V AC, 3P (three-phase), 50Hz, four wire, AMW
Emergency Diesel Generator 415V, 3P, 50Hz, four wire, 240V AC, two wire
High Voltage (HV) Motors 600V AC, Note: that all electric motors on the facility are
started direct online except for the four down-well ESPs.
LV Motors 415V AC, 3P, 50Hz (the fractionally rated motors, are 240V AC)
Lighting 240V AC, 50Hz
Switchgear Controls 24V DC
Motor Controls, start/stop/local/ remote |24V DC
Fire and Gas, Master Control Panel 24V DC and 240V AC, 50Hz
Navigational Aids 12V DC nominal with 14V DC feed and 240V AC
Emergency Lighting 240V AC, each of the emergency fluorescent light fittings is
provided with an integral battery pack
Link Radio/Public Address (PA) System -48V DC
Ultra-High Frequency (UHF)/Very High +12V DC and 240V AC 50Hz
Frequency (VHF) Radio
Entertainment/Data Systems 240V AC 50Hz
2.6.8 Laboratory
A laboratory is located on the south end of the Mezzanine Deck on WNB and is used to analyse
routine process samples.
Laboratory wastes are generated during testing well stream, ballast water and PFW
characteristics. The wastes comprise n-pentane, acetone, hydrochloric acid and the detergent
“Quantum Clean”. Qil soluble chemicals are disposed to the CGS oil storage.
All hazardous waste generated in the laboratory are disposed of in accordance with the Waste
Management Procedure.
Laboratory sinks and drains are connected to the open drains tank for separation and recovery.
2.6.9 Potable water production

The desalination plant produces approximately 60m? of potable water per day.

The volume of reject water produced is dependent on the amount of potable water required on
the platform but is estimated to be approximately 500m3 per day. The salinity of the discharged
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reject water is slightly higher than seawater and also contains small quantities of scale inhibitor.
The reject water is discharged directly overboard.
2.6.10 HVAC and refrigeration systems

The ventilation, pressurisation and air conditioning systems on the WNB platform are divided into
discrete areas according to the specific requirements of the area.

The separate areas with dedicated Air Handling Units (AHUs) are as follows:

e HV & LV Switch Rooms, Battery Rooms, Temporary Refuge (Muster Area, Equipment Room,
Control Room and Communications Room)

e Mech Workshop, InElec Workshop, Store Room and Laboratory
e PLQ Lower Level

e PLQ Intermediate Level

e PLQUpper Level

e PLQ Extension (XLQ)

e The Shaft 4 air space is force ventilated with fresh air via fans and ducting but does not
contain any heating or refrigeration equipment

Chilled water to first five AHUs above is supplied from the original central chiller package located
on the south west corner of the Mezzanine level. There are two sea water cooled chiller units and
operating in a duty/standby configuration.

Chilled Water to the XLQ AHU is supplied from the XLQ chiller package located on the south
centre of the Main Deck. There are two air cooled chiller units operating in a duty/standby
configuration.

Additional Heat Pump type refrigeration units are installed for:
e 2 x Galley Cool Rooms located on the Main Deck south at the PLQ Lower level for food storage
e External Freezer Room on Main Deck south for food storage

e HV Switch Room booster coolers on Mezz Deck south east. 3 x units were added to manage
increased the thermal loads from ESP VSDs installed in the HV Switchroom

e Crain operators cabin air conditioning

The HVAC dampers are fitted where required for fire & gas isolations and are tested as per Critical
Function Test (CFT) requirements.

Maintenance and servicing of HVAC and refrigeration systems is generally performed by a
specialist third-party service provider.
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2.7 Maintenance, inspection and project activities (on Facility)
2.7.1 Rigless well intervention works

Most rigless well interventions at Wandoo are remedial operations performed on production
wells with the intention of restoring or increasing production. A well may require intervention due
to flow restrictions, replacement of ESP equipment, changes in reservoir characteristics, sand
production, mechanical failure, or to access additional hydrocarbon pay zones.

Rigless well intervention techniques may include Light Well Interventions (LWI) or Heavy Well
Interventions (HWI). Light Well Interventions would typically include operations utilising

e Electric (wire) line (EL);
e Slick line (SL); and

e Pumping

Heavy Well Interventions would typically involve include operations utilising:
e Coiled tubing (CT); and

e Hydraulic workover (HWO)

Rigless well intervention activities do not require the use of a MODU, and the equipment
packages have the capability of performing down hole applications in live (under pressure) wells.
However, typically well intervention operations at Wandoo are carried out following the
depressuring of the wells. Although wells may be “depressurised” and effectively won’t flow to
surface, intervention is still under pressure and requires the use of tested Pressure Control
equipment.

SL is the most common rigless intervention activity carried out at Wandoo. The SLisrunon a
hydraulic powered winch system and is fed into the well through a set of pressure control
equipment (stuffing box, lubricator and BOP). It involves the use of a thin (2.7mm or 3.2mm
diameter) high strength chrome steel wire to convey tools into and out of the well. The SL cannot
supply electricity to down-hole tools, although some tools are powered using independent power
packs. It is primarily used for “through tubing operations” to conduct fishing, gauge cutting,
setting or removing plugs, deploying or removing retrievable valves and memory logging
operations and the maintenance/change-out of GLVs.

EL is a steel armoured mono or hepta core electric cable that is capable of transmitting well data
continuously to the surface or conveying signals to down-hole tools. The EL is run on a hydraulic
powered winch system and, during intervention operations, is typically fed into the well through a
set of pressure control equipment (stuffing box, lubricator and BOP). It is primarily used for
“through tubing operations”, taking production logs and setting/pulling plugs; it is also capable of
conducting perforation operations. If EL activities need to be carried out below the production
packer, the line must be conveyed into the well using electric powered down-hole tractors to pull
the wire down-hole.

A CT operation involves inserting a continuous and a flexible steel pipe into a well bore. The
tubing is transferred off a hydraulic powered winch system and fed into the well by an injector
head (a powered set of chains and dies) through a BOP system. The tubing is a single length of
high strength drawn steel that is flexible enough to be coiled onto a reel, with diameters that
range from %” to 3-1/2”. It is primarily used for “through tubing operations”, taking production
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logs, pumping of fluids for stimulation or treatment purposes, setting/pulling plugs and
conducting perforation operations.

A HWO operation involves the use of a hydraulic powered unit (often referred to as a Snubbing
Unit). The unit uses hydraulic cylinders which carry gripper jaws that travel over a ~3m stroke, to
push and pull jointed sections of pipe into or out of a well. As with all other intervention activities,
HWO operations are carried out through BOP system to provide well control capability. An
intervention of this type may be used if the configuration of the well needs to be changed and
requires the recovery/reinstallation of the completion string. A HWO operation will also, typically,
require the use of pumping, SL and/or EL as part of the activity. HWO operations are also used to
run or retrieve ESP equipment into the ESP operated wells (B11/ST1, B12ST2/ST3, B15ST1 and
B16ST2).

The type of operation to be undertaken determines which type of equipment package is selected.

The most common use of pumping operations on Wandoo is to kill and suspend an active well as
part of a workover operation, or in preparation for a well construction campaign. It involves
connecting an independent pumping unit (typically a diesel powered triplex unit) to the tree and
wellhead system of the well via high pressure lines, and pumping kill weight fluid down the
annulus and tubing of the well to push any hydrocarbons in the well back down below the
production packer, leaving the well filled with kill weight fluid from the wellhead to the
production packer. This type of equipment package may also be used for the pumping of fluids for
stimulation or treatment purposes.

During well intervention works, biocide treated water is utilised in wells, risers and BOP to protect
the reservoir. Following well intervention works, the well may be flowed via the process facilities
to be cleaned up and the treated water is directed to either storage (CGS) or the PWTP.

Rigless well intervention works are conducted as required, historically once every one to two
years.

2.7.2  Purging of gas from vessels and tanks

Tanks and vessels at the Facility need to be flushed and purged to remove hydrocarbon liquids
and gas prior to activities such as confined space entry. The tanks and vessels are purged using an
inert substance (e.g. Nitrogen or inhibited water) to displace the gas. The gas is purged to the
flare or venting depending on the pressure.

2.7.3 Pigging with biocide

At Wandoo pigging runs are used to clean the flowlines of bio-mass accumulation to reduce
microbiologically influenced corrosion (MIC). Routine operational pigging of the production line
from WNA to WNB commenced in early 2006 to reduce possible MIC. The pigs are inserted into
the flowlines from a pig launcher on WNA and are used to remove obstructions and biofilm on
internal pipe surfaces whilst the biocides are utilised to enhance biofilm removal by the pigs and
to prevent further biofilm activity in the pipework and process fluids.

The biocide used is Tetrakis (Hydroxmethyl) Phosponium Sulphate (THPS). This biocide
biodegrades rapidly, as it reacts readily with any organics, and has a very short half-life in the
presence of seawater. The degraded by-products are non-toxic, and there is no bioaccumulation
of this product.
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Currently the biocide treatment is conducted during tanker loading as this procedure enables all
PFW to be diverted inboard to the storage cells, where it mixes with ballast seawater. The pigging
and biocide application is completed in the first half of the procedure, to allow active biocide
maximum contact time with the seawater.

Once the active biocide is exhausted, the PFW and ballast water can be discharged to the natural
environment in accordance with the Wandoo Platform Operations Manual.

Testing indicates that the biocide will remain active for 2-3 hours after injection and requires a
minimum of 4 hours residence time in Shaft 4 before it can be discharged overboard.

Tanker loadings presently occur at three to eight-week intervals, enabling VOGA to conduct the
pigging and biocide program at these intervals.

Intelligent pigging is also undertaken on the inter-field flowlines approximately every four years to
measure the wall thickness of the flowlines and to identify if corrosion above expected limits has
taken place. During the process the lines are flushed with biocide (THPS) treated seawater and
this is directed to storage where it mixes with ballast seawater and is both diluted and degraded
before release.

2.74 Welding and cutting
Arc welding and oxy-acetylene welding and cutting and will be undertaken at the Facility.

Welding habitats or enclosures are used to contain sparks and welding debris. This waste is then
transferred to the general waste containers on the platform and taken onshore for disposal.

275 Chemical cleaning

Chemical cleaning is undertaken on the heat exchangers and various tanks and vessels throughout
the facility as required. Sulphamic acid is used for chemical cleaning, is neutralised with caustic
soda following chemical cleaning and discharged neutralised to the hazardous open drain system.

2.7.6  Deck cleaning

Deck cleaning is undertaken at WNA and WNB once a week or more often if required. Drainage
from the deck may contain oil, grease, detergents, dirt and other hazardous chemicals.

On WNA, deck drainage is collected through an open drain and stored in the open drain tank. The
contents of the open drain tank are then transferred to a waste bulky for appropriate disposal.

On WNB, deck drainage is transferred to the hazardous and non-hazardous open drain systems.
Any oily waste is separated from the collected fluid in the drains tank and systems. The oil is then
transferred to the CGS and the drains water discharged overboard. Daily sampling of these
overboard discharge streams is recorded in the laboratory and daily report.
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2.7.7 Topside maintenance
2.7.7.1 Blasting
Blasting of topside infrastructure is undertaken regularly in preparation for spray painting.
Methods used include:
e Abrasive blasting using sand or garnet;
e Mechanical abrasion using wire brushes; and
e High pressure water blasting.
The preferred method is high pressure water blasting. If this is not effective, mechanical abrasion
using wire brushes will be used. Alternatively, if mechanical abrasion is not effective then abrasive
blasting using sand or garnet is used.
Containment barriers are used to trap and collect abrasive solids; this is then transferred to
general waste containers on the platform before transport onshore for disposal at approved
waste disposal sites.
2.7.7.2 Spray painting
Spray painting is undertaken on a regular basis. Spray paint is stored in approved paint storage
containers within dedicated bunds. Empty paint containers are disposed of as hazardous wastes.
2.7.7.3 Workshop
Mechanical and electrical workshops are located at the southern end of the WNB Mezzanine
Deck. The repair, maintenance and calibration of plant and equipment are undertaken at these
workshops.
2.7.8 Fire protection systems and testing

The fire protection system consists of:
o Firewater pumps;

e Deluge system;

e Sprinkler system; and

e Monitors.

There are two 100% diesel driven vertical lines shaft type firewater pumps. The pumps are located
at the south of the blast wall on the east and west sides of the Cellar Deck. The pumps are tested
using the full flow discharge line which dumps the water overboard.

Deluge systems provided in areas where hazards from hydrocarbon pool and jet fires exist are
designed to provide ‘control of burning’ protection. Each deluge system comprises a deluge valve,
a distribution main and a number of distribution deluge branches fitted with spray nozzles at
designated intervals.
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There are deluge systems distributed across the Facility as follows:
e Cellar Deck —5;

e Mezzanine Deck — 1;

e Main Deck-2; and

e Over fire pumps and emergency generator enclosures.

A wet-type sprinkler system is installed in all accommodation spaces where the use of water to
extinguish fires is appropriate.

There are two independent, 100%, duty water driven, manually activated, automatically
oscillating type firewater monitors on the helideck. Each monitor is provided with a dedicated
foam unit. The dedicated foam units have a foam storage capacity for 15 minutes supply of 1%
Aqueous Film Forming Foam (AFFF). The monitors have a flow rate of 1,800m3/min and a throw of
48m as a jet and 18m as a spray.

The main deluges or hydrant systems are also used to deliver AFFF from the centralised system,
which adds foam to the ring main if required. Twin outlet hydrants are provided at each fire point
on the Facility.

The components of the fire-fighting system that are tested, the frequency of tests and the
discharge composition are outlined in Table 2-26 below.

Table 2-26: Fire protection system testing

Component Frequency Discharge composition

Firewater pumps Fortnightly Seawater discharged directly to sea *

Deluge system Biannually Seawater discharged via deluge drains to sea *

Helideck Annually 108m3/hr seawater. Test for five minutes, via helideck drain to
sea

Note that foam testing with release to the environment during testing, training or maintenance
has been suspended with alternative testing methods being utilised for helideck AFFF
performance tests.

2.8 Maintenance, inspection and project activities (sea level and
subsurface)

Extends to all sea level subsea activities that may be undertaken to maintain the primary activities
of processing, storage and export — including integrity management.

2.8.1 Metrology

Metrology includes laser and acoustic surveys undertaken to take measurements between subsea
structures (primarily interconnecting flowlines). These may include laser, sonar, tape measure,
inclinometer and taut lines.
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2.8.2 Side-scan sonar surveys

Side-scan sonar is a marine geophysical technique that is used to produce an ‘image’ of the
seafloor. Side-scan sonars may be used for environmental benthic habitat mapping, inspection of
subsea infrastructure and site surveys of offshore exploration permits and licences.

Side-scan transducers may be mounted on Autonomous Underwater Vehicle (AUV) systems,
vessel hulls or more commonly using a towfish. The towfish is towed behind the vessel at
approximately 4 knots. Towfish are generally towed at 10-20% of the swath width above the
seabed.

The technique uses pulses of sound at perpendicular angles to the side-scan sonar system. Both
transmit and receive sensors are contained within the same unit. When the return acoustic pulses
are processed, they provide information on the amplitude of the return pulse which in turn
provides information on the composition of the seabed. For example, a strong return pulse is
generally associated with a harder seabed surface. Shadows on the acoustic signals can also be
analysed to infer the heights of any objects on the seabed.

Side-scan sonar systems generally operate in the 100-500 kHz frequency range with a sound
source level of around 220-226dB re: 1uPa @ 1m (Department of Energy and Climate Change,
2011). Higher frequency side-scan sonars provide information at a higher resolution, but the
swath width is generally smaller. Side-scan swath width is ultimately dependent on a combination
of frequency and the height the towfish is towed above the seabed.

2.8.3 Sub-bottom profiling surveys (seismic reflection)

Sub-bottom profiling is a geophysical survey technique that is used to establish the geology of the
seabed. Sub-bottom profiling techniques range considerably in terms of power and acoustic
sources. Low-frequency systems are capable of providing information to greater depths, whereas
high-frequency systems give more detail at shallower depths but do not have the acoustic power
to penetrate to deeper depths.

High-frequency systems such as Chirps and Pingers tend to operate in the 0.5kHz to 25kHz range.
The sound source level of these high-frequency systems tends to be in the 210-220dB re: 1upa @
1m range dependent on the specific system that is used. These systems are used for high
resolution shallow surveys and are capable of penetration depths to 30m. The acoustic source and
receivers are generally enclosed within a single unit. These high-frequency systems can be
mounted on a vessel, AUV or mounted on a surface or deep tow towfish. Survey requirements will
determine which system is used.

Lower-frequency systems such as Boomers and Sparkers tend to have a larger sound source and
greater penetration of the seabed. These systems can also be mounted in surface tow or deep
tow systems depending on survey water depth. Surface shallow water systems are generally used
in water depths up to 100m. These systems tend to operate in the 500Hz to 4kHz range. The SEL
for these systems is generally in the range of 212-226dB re: 1upa @ 1m.

2.8.4 Metocean monitoring

Metocean surveys usually involve the deployment of small-scale moorings. They are used to
understand environmental conditions such as currents, wave height, tidal range and turbidity, this
data is also used for engineering design for offshore developments.
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Wave buoys, current profilers (AWACs, ADCPs, and Aquadopps) and metocean buoys are
commonly deployed during metocean surveys. The mooring designs are dependent on water
depth and equipment configuration.

The current profilers use a working frequency from 38kHz to several megahertz to measure the
Doppler shift of particles within the water column.

Current profilers contain piezoelectric oscillators to transmit and receive sound signals. The
traveling time of sound waves gives an estimate of the distance, the red or blue shift can be
converted to a velocity. In order to measure 3D velocities, at least three vector components have
to be estimated, this is why the instruments typically have four transducer heads.

For deep water deployments, acoustic releases are usually connected to the anchor/clump
weights. These are released on recovery leaving the clump/anchor weight in-situ.

2.8.5 Diving and ROV

Diving operations are integral to maintenance and replacement of existing infrastructure.
Replacement of FHA and Submarine Hose Assembly minor hose repairs, testing and replacement
of bolts/flanges, Cathodic Protection installation and testing, stabilisation, repairs, subsea welding
and cutting, cleaning and marine growth removal and installation of grout/sandbags, are
examples of activities undertaken by diving contractors. Details of typical diving vessels used at
the Wandoo Facility are outlined in Table 2-24.

ROVs are utilised for routine inspections of flowlines, subsea valves, flowline alignment surveys,
subsea infrastructure and platform substructure inspections. Annual ROV inspections are
undertaken to determine levels of seafloor scour.

ROVs are linked to an offshore support vessel by either a neutrally buoyant tether or often when
working in rough conditions or in deeper water a load carrying umbilical cable is used along with a
Tether Management System (TMS). The purpose of the TMS is to lengthen and shorten the tether
to minimise the effect of cable drag. The umbilical cable contains a group of cables that carry
electrical power, video and data signals back and forth between the operator and the TMS. Where
used, the TMS then relays the signals and power for the ROV down the tether cable. Once at the
ROV the electrical power is split and distributed between different components of the ROV.
However, in high power applications most of the electrical power is used to drive a high-powered
electrical motor which in turn drives a hydraulic pump.

The hydraulic pump is used to power equipment such as torque tools, manipulator arms and
thrusters (or other means of propulsion) which help position the ROV. Most ROVs are equipped
with at least a video camera and lights. Additional equipment is commonly added to expand the
vehicle’s capabilities. These may include sonars, multi-beam echo sounders, magnetometers, a
still camera, a manipulator or cutting arm and water samplers. The class and size of the ROV used
will be dependent on the survey requirements. ROVs can be launched from dynamically
positioned vessels when operating in deeper waters or from vessels that require a three to four
anchor spread to secure the vessel on location when operating in shallower waters. Details of
typical ROVs used at the Wandoo Facility are outlined in Table 2-27.

ROV surveys usually range from one day to several days at a single location but may extend to
several weeks covering a variety of sites and offshore facilities.

Three main types of ROV will be used at Wandoo:

Page 82


http://en.wikipedia.org/wiki/Piezoelectricity
http://en.wikipedia.org/wiki/Red_shift
http://en.wikipedia.org/wiki/Blue_shift

VERMILION OIL & GAS AUSTRALIA VERMILION

Title: Wandoo Facility Environment Plan MH?:,.}:‘:T s
Number:  WPA-7000-YH-0007 R -
Revision: 13 S —
Date: 8 September 2020 —
e Inspection class.
e Light work class.
e Workclass.
The typical specifications for these ROVs are outlined in Table 2-27.
Table 2-27: ROV details
Class Depth rating Size (mm) Payload (kg) Weight Speed
(MSW) (kg) (knots)
Inspection 600 1,450 x 820 x 920 45 300 >2.5
Light work 2,000 1,515 x 1,000 x 790 80 400 >3.2
Work 1,000 3,000 x 1,450x 1,700 150 2,500 3
2.8.6 Cleaning and marine growth removal
Subsea cleaning and marine growth removal are undertaken approximately every five years on
the external surface of subsea infrastructure to prevent overloading of structures and moorings.
Marine growth that has established on the Wandoo Facility will be removed via three methods:
e Diver operated removal tools.
e Abrasive blasting.
e ROV or diver operated water blasting.
Divers will use of variety of tools (scrapers, shovels, brushes, etc.) to manually remove marine
growth.
Abrasive blasting will be used at shallow depths (<10m) and will involve air entrained sand or
garnet being directed under pressure at infrastructure with marine growth until marine growth is
removed. At greater depths the air medium will be replaced by water and sand or garnet blasted
at marine growth.
Water blasting under pressure (<10,000psi) and ultra-high pressure (>10,000psi) will be used as
the third method of cleaning. Ultra-high pressure cleaning will only be carried out by ROV.
2.8.7 Subseawelding and cutting

Underwater welding is not commonly undertaken but is occasionally required for the repair or
replacement of subsea assets. Underwater welding is undertaken at elevated pressure and
temperatures and is predominantly referred to as hyperbaric welding. Hyperbaric welding can
either take place wet in the water itself or dry inside a specially constructed positive pressure
enclosure and hence a dry environment. Dry hyperbaric welding is used in preference to wet
underwater welding when high quality welds are required because of the increased control over
conditions that can be exerted, such as through application of prior and post weld heat
treatments. Dry hyperbaric welding involves welding at a prevailing pressure in a chamber filled
with a gas mixture around the structure being welded. Wet underwater welding commonly uses a
variation of shielded metal arc welding, employing a waterproof electrode.
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Subsea cutting at the Wandoo Facility may be undertaken via three methods; mechanical cutting,
ultra-thermic cutting and water jet cutting.

Ultra-thermic cutting uses rods at a temperature in excess of 10,000°F to cut or melt through
material. The rod design feature alloy core wires retained by circular crimps.

A water jet cutter is an industrial tool capable of cutting through a variety of materials using a
high-pressure jet of water.

2.8.8 Flowline stabilisation and support

Grout bags, form work and structural steel may be used for flowlines stabilisation and freespan
support. The installation of grout bags involves the pumping of grout through a hose from the
vessel to fill the grout bags underwater.

2.8.9 Scour protection

Scour protection may consist of grout bags, fabric formwork, fabric frond matting and crushed
rock or iron ore. Scour protection has been installed around the CGS and around the subsea flow
lines to prevent scouring of the seabed.

2.8.10 Subseainspection

General inspection techniques used for subsea assets include:
e General and Close video inspection, including the use of dual diode lasers for sizing;
e Ultrasonic wall thickness measurements, including Time of Flight Defraction (ToFD); and

e Crack detection inspections, including Magnetic Particle Inspection (MPI), Eddy Current
Inspection (ECI) and Alternating Current Field Measurement (ACFM).

e Wet storing, removal and replacement of subsea assets

Sections of the subsea flow lines, floating hose or subsea marine hose may be identified as
requiring replacement during underwater inspection and maintenance works on the Facility.
Replacement involves diver disconnection of the hose or flow line section involved and
installation of the new section. Disconnection and installation of the flow line section may involve
welding and cutting. To ensure the potential for release of hydrocarbons from the hoses and flow
lines during replacement works is minimised, the hoses will be flushed, and blinds installed prior
to disconnection. This may involve the use of treated water to prevent corrosion which is directed
to storage or the PWTS.

Equipment may be stored subsea on a temporary or long-term basis as part of offshore subsea
projects or during an emergency situation such as a cyclone.

2.8.11 Cathodic protection

CP is a technique used to control the corrosion of a metal surface. The protected metal is
connected to a more easily corroded “sacrificial metal” to act as the anode. The sacrificial anode
then corrodes instead of the protected metal. Sacrificial anodes have been installed in certain
facility systems and components to prevent corrosion. The PLEM, CALM Buoy, flow lines and all
the risers on WNA and WNB are fitted with sacrificial anodes. The anode is composed of
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magnesium or aluminium and has a lifetime of approximately 20 years. The anode dissolves into
the sea over time.

The basic chemical reaction at the anode is:
Alis) = AP* + 3e (second half of the CP reaction)
2AP* + 3H,0 + 6e” =2 AlbOs(s) + 3Hyg (soluble aluminium oxidising)

Most of the aluminium oxidises close to the anode surface, resulting in the relatively benign
aluminium oxide (alumina) as well as some intermediate aluminium hydroxide compounds
(Al,(OH)m) covering the anode as a white scale. The intermediate hydroxides will continue to
oxidize with water to end as Al,0s. The oxide scale is somewhat amorphous and will wear off with
time (ocean currents, contact with marine life, etc.). The aluminium oxide is a very stable in
neutral pH water. The basic anode depletion rates are outlined in Table 2-28.

Anodes are removed and replaced as required using divers/ROV.

Table 2-28: Anode depletion rates

Location Daily depletion rate (kg/day) Total depletion rate (kg)
WNB 2.18 15,900kg over 20 years
WNA 1.23 11,200kg over 25 years
PLEM/CALM Buoy flowlines 0.25 1,800kg over 20 years N/A

2.8.12 Flushing and leak testing

Hydrotesting, pressure and leak testing is undertaken to test the integrity of flowlines, risers,
piping and any other components of the Wandoo Facility as part of the quality assurance process.
This involves filling lines or vessels with seawater (treated with biocide and/or fluorescein dye)
and pressurising to above operating pressure to assess whether there are any leaks.

Flushing is undertaken as part of testing or repairs with the flowline, piping or vessel flushed with
treated seawater to send the oil and gas back to the process prior to removal or testing. The
seawater is treated using biocide and occasionally the water is treated using a combination of
biocide and corrosion inhibitor.

The treated seawater from flushing and testing activities is directed primarily to either storage or
the PWTS.

2.8.13 Anchoring/mooring

The vast majority of vessels working within the Wandoo Field maintain station using Dynamic
Positioning (DP) Systems (either DP2 or DP3). Vessel(s) supporting the works may be required to
anchor in the vicinity of the Wandoo Facility, this would involve the placement of up to three
anchors on the sea floor.

Clump weights are also occasionally used as a temporary mooring for light vessels and during
CALM Buoy maintenance work.
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2.8.14 Spill response activities

Although the Wandoo oil production, storage and transfer activities are well understood and part
of routine activities in the oil and gas industry, these activities pose a potential risk of a loss of
containment. In order to mitigate impacts from a potential spill event resulting from oil
production, storage and transfer activities, VOGA has an array of potential spill response
strategies that may be implemented in the event of a spill.

2.8.14.1Source control

Source control is one of the first response strategies that should be considered when mounting a
spill response. Source control minimises the volume of hydrocarbons lost to the environment by
regaining control at the source of the spill. In many cases, source control can be as simple as
turning off a valve but may also be as complex as CGS repair.

2.8.14.2Monitoring and evaluation

Monitoring and evaluation is a technique used to understand the behaviour and likely trajectory
of an oil spill to assist with selecting the most appropriate spill response strategy and to evaluate
results during the response process. Several methods can be used to monitor and evaluate,
including:

e Surveillance from field infrastructure and vessels;
e Aerial surveillance;
e Satellite tracking buoys; and

e Qil spill trajectory modelling.

2.8.14.3Chemical dispersion

Chemical dispersion involves the application of chemical dispersant which accelerates the natural
dispersion process, causing the oil to break down into small droplets, which are then rapidly
dispersed into the water column and away from the ocean surface where it can be more easily
biodegraded. The objective of dispersant use is to enhance the amount of oil that physically mixes
into the water column, reducing the potential for a surface slick to contaminate shoreline habitats
or come into contact with birds, marine mammals or other marine fauna that exist on the water
surface or shoreline.

2.8.14.4Containment and recovery

Booms and skimming equipment can be used to create physical barriers on the water surface to
contain and recover the oil spill where information (including predictive spill fate modelling)
indicates a likely threat to environmental, social and cultural sensitivities. This strategy is often
used in the offshore environment in close proximity to the hydrocarbon source. Once contained,
an attempt to recover the hydrocarbons from the surface waters can be undertaken.

2.8.14.5Mechanical dispersion

Mechanical dispersion is the use of fire monitors, engine wash or other means to
mechanically/physically disperse spilt oil into the water column, thereby increasing the speed
with which weathering and biodegradation occurs. This strategy is a secondary strategy for all spill
categories that could result from activities associated with this EP.
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