


























Talinga Water Treatment Facility
Public Health Risk - Incident and Emergency Response Plan

2.
2.1

General Information

Purpose

The purpose of this IERP is to describe the process to be followed to effectively manage site level
incidents and emergencies which could affect the production, supply or quality of coal seam gas
water which may affect the Condamine town potable water supply.

2.2

Scope

An incident or emergency is defined as a deviation in normal operations requiring specific steps to
recover and return the activity to normal.

Incidents and emergency groupings covered in this plan include:

2.3

Contamination of feed water with the potential to affect CSG final water quality;
Treatment process failure resulting in exceedance of CSG final water quality limits;
Exceedance of CSG final water quality limits for any other reason;

System failure resulting in loss of containment;

Operational failure resulting in loss of containment; and
Pond failure leading to loss of containment.

Identifying Plausible Incidents and Emergencies

The incidents and emergencies deemed to present a plausible risk to public health have been
identified using a standard consequence rating and likelihood risk matrix. It is noted that for the
purpose of this IERP consequence ratings were defined with respect to potential impacts on public
health including exceedance of CSG final water quality limits, public health impacts, disruption to
the Condamine drinking water supply and consumer confidence.

Table 7: Public Health Risk Consequence Categories

CRITICAL 5 |[CATASTROPHIC 6

MAJOR 4

SERIOUS 3

CSG final water quality

limit exceedance

Public Health
Impact

Disruption to Condamine
drinking water supply

Consumer
confidence

Significant exceedance
of CSG final water
quality limits.

Fatality or serious
irreversible
disability to one
or more persons.

Permanent shut down of
drinking water supply.

National media
attention with
political
involvement.
Complete loss of
consumer
confidence.

Significant exceedance
of CSG final water
quality limits.

Significant long
term illness to
multiple
community
members.

Significant long term
disruption to drinking
water supply.

National media
attention for >2
days. Significant

public outcry.

Significant exceedance

Significant but
temporary illness

Significant but temporary

National media
attention for 1

of CSG final water to multiple disruption to drinking dav. Communit
quality limits. community water supply. Y- ter y
members. outery.
Minor temporary . Helghten.ed
L . - Minor short term community
Significant exceedance illness requiring disruption to drinking concern
of CSG final water medical attention . .
quality limits. 0 One or more water supplly with no long attracting _
persons term impacts. Iocal/statg media
’ attention.
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CSG final water quality | Public Health Disruption to Condamine | Consumer

limit exceedance drinking water supply confidence
N
L N .
I:: Slgnlflcant_exceedance No identified Concerns raised
o of CSG final water : None. by local
i e health impacts. .
8 quality limits. community.
=
. Any exceedance of CSG .
o . . No community
@] final water quality None. None. h
pd S involvement.
= limits.

2.4 Training

All site personnel must be given specific instructions and training on how to respond to incidents
and emergencies including implementation of this IERP.

2.5 Drills and Exercises

Drills and exercises must be carried out to ensure that everyone is familiar with the actions to be
taken in the event of an incident or emergency situation. Responses to scenarios will be discussed
in conjunction with toolbox talks at site.

Bi-annual drills or exercises must include escalation processes to involving GEMT/CMT.

The effectiveness of each exercise is to be evaluated and documented in conjunction with the SERP.
Where inadequacies are identified they should be addressed through assigning appropriate
corrective actions and ensuring that the actions are performed and closed.

2.6 Review and Update
The IERP will be reviewed and updated as necessary in response to one or more of the following:

e telephone and personnel details every 6 months;
e documented procedures every year;

e when major changes which may affect the Incident and Emergency Response coordination or
capabilities have occurred;

e following routine testing of the plan;
e after an actual incident or emergency; or
e before installing and commissioning new plant and equipment.

During the review, the following aspects are also to be considered:

e lessons learned from an incident or emergency;

e changes in legal requirements;

e improvements to effectiveness in terms of response strategy, management and communication;
e developments in the latest techniques and technology in handling an emergency;

e changes to, or movement of people within our organisation;

e changes to contact numbers of internal and external organisations; and

e revisions to existing, or availability of, emergency management tools and equipment and
resource suppliers and contractors.
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Public Health Risk - Incident and Emergency Response Plan

3. Roles and Responsibilities

3.1 General Responsibilities
All personnel on site will:

e Immediately report an actual or potential incident or emergency;
e Follow directions of the Site ERT leader; and
e Be aware of the site emergency procedures and muster point.

Table 8: Roles and Responsibilities

ROLES AND RESPONSIBILITIES

Remove yourself and others from danger;

Activate ESD/isolate equipment as necessary;

Raise the alarm (report location, type and extent of incident) by radio or
telephone to Site ERT Leader (if applicable); and

Provide First Aid to any injured persons, as required and if qualified to
do so; and Muster (if required).

First Responder

Assess the incident and determine if the IERP is to be activated;

Notify the Department of Environment and Resource Management Office

SiFe ERT Le_ader of the Water Supply Regulator and the Western Downs Regional Council,
(Site Superintendant | jf required;

or APLNG & CSG

Liaise with Site Superintendent/ Water Manager/ GEMT leader;
Water Manager)

Provide guidance on response method; and
Direct Site ERT Members in the response relevant to the scenario.

Site ERT Members Respond to the situation as directed by the Site ERT Leader.

If the Site ERT Leader is unable to undertake their responsibilities an alternate or delegate Site ERT
Leader must be appointed to ensure the Site ERT continues to function.

In the event of a Critical or Major incident, additional resources and support can be requested as
necessary by the Site ERT Leader from the Origin Emergency Framework. The roles and
responsibilities for the emergency teams are addressed in the GEMP and our CMP.

3.2 Organisational Responsibilities and Emergency Response Framework

Crisis Management Team — Crisis Management Response Plan

Group Emeragency Management Team — Group Emeraency Manaagement Plan

*

CSG Business Incident Management Team s Group Emeraency Manaagement Plan

*

Site Emeragency Response Team =P |ncident and Emergency Response Plans

A

Site Incident or Emeraency

3.3 Public Health Risk Incident and Emergency Response Matrix

The public health risk incident and emergency response procedures are summarised in Table 9.
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Table 9: Public Health Risk Incident and Emergency Response Matrix

INTERNAL NOTIFICATION

EXTERNAL NOTIFICATION

MONITORING

REPORTING

FURTHER ACTIONS

Site Superintendent
CSG Water Manager

Office of the Water Supply
Regulator (DERM)

Western Downs Regional
Council

Review available data

Contact lab and expedite
results of most recent
sampling event

Interim report to OWSR
within 24hours

Complete incident report to
OWSR on resolution of
incident

Event to be logged in OSIS
within 48 hours

Stop discharge to
Condamine River/ WTF
recirculation mode until
further notice

Keep OWSR/ WDRC well
informed

Provide additional
assistance to WDRC as
required

MEDIUM

SEVERE

SNISSUSE \anagement Team

As above As above plus Emergency As above plus commence As above As above
Services of required additional sampling from
discharge point and/or
Condamine River
As above plus As above As above plus commence As above Initiate community
CSG Incident Management water sampling at consultation in conjunction
Team Condamine Weir with WDRC
As above plus As above As above plus commence As above In conjunction with WDRC
Group Emergency water sampling of consider flushing the
Management Team Condamine water supply Condamine water supply
alternative water supply
arrangements
As above plus Crisis As above As above As above Activate Crisis Management

Plan
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4. Contamination of Feed Water

Changes in feed water quality have the potential to affect CSG final water quality. Possible sources
of feed water contamination include but are not limited to:

e Changes in coal seam water quality;
e Contamination of feed water ponds as a result of natural processes (ie algae growth); and
e Intentional contamination of feed water (ie Sabotage).

CONTAMINATION OF FEED WATER WITH THE POTENTIAL TO AFFECT CSG FINAL WATER QUALITY

First Responder
e Remove yourself and others from danger;
e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated;

o Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

e Stop discharge to Condamine River/ WTF recirculation mode until further

notice
Internal e Site Superintendent
Notification e CSG Water Manager
External e External notification required in initial response
Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
Monitoring e Review available date

e Contact lab and expedite results of most recent sampling event

Reporting e Interim report to OWSR within 24 hours

e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours

Escalation e Magnitude of exceedance
Triggers . .
e Exceeding contaminant
Additional MEDIUM | Contact Emergency Services (if required)
Response Commence additional sampling from discharge point and/or

Condamine River

Contact CSG Incident Management Team

Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements
Contact Crisis Management Team
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5. Treatment process failure resulting in exceedance of CSG
final water quality limits

Failure of individual treatment process may affect CSG final water quality. Key treatment
processes include:

e Membrane Filtration;
e Reverse Osmosis; and
e Chemical dosing systems.

TREATMENT PROCESS FAILURE RESULTING IN EXCEEDANCE OF CSG FINAL WATER QUALITY LIMITS

First Responder

e Remove yourself and others from danger;

e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated;

o Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

Initial MEDIUM

Response e Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal e Site Superintendent

Notification | «  CSG Water Manager

External e External notification required in initial response

Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
e Contact Emergency services if required
Monitoring | ¢ Review available date
e Contact lab and expedite results of most recent sampling event
e Commence additional sampling from discharge point and/or Condamine River
Reporting e Interim report to OWSR within 24 hours
e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours

Escalation e Magnitude of exceedance e Exceeding contaminant
Triggers

e Type and scale of failure

Additional
Response

Contact CSG Incident Management Team

Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements
Contact Crisis Management Team
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6. Exceedance of CSG final water quality limits

Any exceedance of CSG final water quality limits is considered to be a plausible risk to public
health.

EXCEEDANCE OF CSG FINAL WATER QUALITY LIMITS

First Responder
e Remove yourself and others from danger;
e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated,;

e Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

Initial MEDIUM

Response e Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal e Site Superintendent

Notification | ¢  CSG Water Manager

External e External notification required in initial response

Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
e Contact Emergency services if required
Monitoring | e Review available date
e Contact lab and expedite results of most recent sampling event
e Commence additional sampling from discharge point and/or Condamine River
Reporting e Interim report to OWSR within 24 hours
e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours
Escalation e Magnitude of exceedance

Triggers . .

e Exceeding contaminant
Additional Contact CSG Incident Management Team
Response Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements

Contact Crisis Management Team
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7. System failure resulting in loss of containment
A system failure resulting in a loss of containment could be initiated as a result of:

e Failure of construction material and/or methods;
e Impact/ collision with equipment;

e Intentional damage (ie Sabotage/ Vandalism); and
e Natural disaster.

SYSTEM FAILURE RESULTING IN LOSS OF CONTAINMENT

First Responder
e Remove yourself and others from danger;
e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated;

e Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

Initial MEDIUM

Response e Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal e Site Superintendent

Notification | ¢«  CSG Water Manager

External e External notification required in initial response

Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
e Contact Emergency services if required
Monitoring | ¢ Review available date
e Contact lab and expedite results of most recent sampling event
e Commence additional sampling from discharge point and/or Condamine River
Reporting e Interim report to OWSR within 24 hours
e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours

Escalation | e Magnitude of event e Location of discharge
Triggers

e Exceeding contaminant

Additional
Response

Contact CSG Incident Management Team

Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements

Contact Crisis Management Team
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8. Operational failure resulting in loss of containment
An operational failure resulting in a loss of containment could be initiated as a result of:

e Electrical/ control failure;

e Operator error;

e Process adjustments;

e Intentional damage (ie Sabotage/ Vandalism); and
e Natural disaster.

OPERATIONAL FAILURE RESULTING IN LOSS OF CONTAINMENT

First Responder
e Remove yourself and others from danger;
e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated;

e Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

Initial MEDIUM

Response e Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal e Site Superintendent

Notification | «  CSG Water Manager

External e External notification required in initial response

Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
e Contact Emergency services if required
Monitoring | ¢ Review available date
e Contact lab and expedite results of most recent sampling event
e Commence additional sampling from discharge point and/or Condamine River
Reporting e Interim report to OWSR within 24 hours
e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours
Escalation e Magnitude of event

Triggers . .

e Exceeding contaminant
Additional Contact CSG Incident Management Team
Response Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements

Contact Crisis Management Team
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9. Pond failure leading to loss of containment

A loss of containment from any CSG storage ponds presents a plausible risk to public health. The
appropriate level of response will be dependent on:

e The type of pond (ie holding pond or effluent brine pond);
e Type of failure (ie leaking liner or pond wall failure);
e Cause (ie Sabotage/ Vandalism, natural disaster, failure of construction materials/ methods).

POND FAILURE LEADING TO LOSS OF CONTAINMENT

First Responder
e Remove yourself and others from danger;
e Activate ESD/isolate equipment as necessary;

e Raise the alarm (report location, type and extent of incident) by radio or telephone to Site ERT
Leader (if applicable);

e Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)

Site ERT Leader

e Assess the incident and determine if the IERP is to be activated;

e Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;

e Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
e Provide guidance on response method; and

e Direct Site ERT Members in the response relevant to the scenario.

Response Plan

Response

Internal e Site Superintendent

Notification | «  CSG Water Manager

External e External notification required in initial response
Notification - Office of the Water Supply Regulator (DERM)

- Western Downs Regional Council
e Contact Emergency services if required
Monitoring | ¢ Review available date
e Contact lab and expedite results of most recent sampling event
e Commence additional sampling from discharge point and/or Condamine River
Reporting e Interim report to OWSR within 24 hours
e Complete incident report to OWSR on resolution of incident/ emergency
e Event to be logged in OSIS within 48 hours

Escalation | e Magnitude of event e Dry or wet weather failure
Triggers
99 e Type of pond (ie holding pond/ e Type of failure (ie leak in pond
effluent brine pond) liner or failure of pond wall)
Additional Contact CSG Incident Management Team

Response Commence sampling at Condamine Weir

Initiate community consultation in conjunction with WDRC
Contact Group Emergency Management Team

Commence sampling of Condamine Water Supply

In conjunction with WDRC consider flushing the Condamine water
supply and making alternative water supply arrangements

Contact Crisis Management Team
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10. References

Table 10: Reference Documents

DOCUMENT TITLE DOCUMENT NUMBER/COMMENTS

Emergency Response Plan - Talinga Operations OEUP-Q2600-PLN-SAF-002 Rev 2.0

Production & Operations Safety Management Plan - Talinga OEUP-Q2600-PLN-SAF-001 Rev 4.0
Development
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11. Definitions
TERM ‘ DEFINITION
AC Alternative Current
ATC Alcohol Type Concentrate
CMP Crisis Management Plan
CMT Crisis Management Team
CO, Carbon Dioxide
DC Direct Current
DCP Dry Chemical Powder
DERM Department of Environment and Resource Management
ECO Emergency Control Organisation
ERT Emergency Response Team
ESD Emergency Shutdown Device
GEMP Group Emergency Management Plan
GEMT Group Emergency Management Team
ha Hectare
HSE Health Safety and Environment
HV High Voltage
IERP Incident and Emergency Response Plan
km Kilometre
kv Kilovolts
L Litre
LV Low Voltage
MI Megalitre
MMC Motor Site Control Building
MSDS Material Safety Data Sheet
MW Megawatt
OCIS Origin Collective Intelligence System
OWSR Office of the Water Supply Regulator
SERP Site Emergency Response Plan
WDRC Western Downs Regional Council
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Executive Summary

As part of the Talinga Development Project, coal seam gas (CSG) production wells are being developed
to deliver up to 90 terajoules per day (TJ/d) of CSG to the Talinga Gas Plant. Extraction of CSG from
these wells cannot be accomplished without removing water from the coal seam. Water produced from
the wells as a result of gas production is sent to the Talinga Water Treatment Facility (TWTF). This
untreated water is referred to as Associated Water or Source Water throughout this Report. The TWTF
is capable of treating up to 20 megalitres per day (ML/d) of Associated Water.

The TWTF involves an effective multi-barrier approach to water treatment including precipitation,
pond settling and buffering, chloramination of water to control microbiological activity,
microfiltration, reverse osmosis (RO) treatment, removal of monochloramine, Filtered Water addition
to ensure final water pH will remain stable after discharge and pH adjustment. This water is referred
to as TWTF Permeate. The TWTF Permeate then undergoes final hardness conditioning with calcium
and magnesium salt immediately prior to discharge. This final treated water is referred to as discharge
water for the purposes of this Report.

In order to obtain final approval to discharge into the Condamine River, condition C34 of the Talinga
Environmental Authority, PEN100067807 (the Talinga EA) requires Source Water and TWTF Permeate
characterisation data be submitted to the Office of Water Supply Regulator (OWSR). To satisfy this
condition, this comprehensive report presents all available data for Source Water and TWTF permeate
characterisation including results obtained from the Sampling Program and recognised published data.

The Sampling Program for the source water was undertaken over a five week period from 16 June to 21
July 2010. The Program entailed sampling of forty seven wells and two storage ponds; and analysis of

all the samples for approximately 200 analytes, including an ICP-MS screen of the entire periodic table.
The resulting source water data set has over 9,000 results. Sampling was undertaken by Bureau Veritas
and analysis was undertaken by Queensland Health, Forensic and Scientific Services (QHFSS) laboratory.

The Sampling Program for the TWTF Permeate included sampling after the Microfiltration Unit, Primary
Reverse Osmosis unit and within the Export Tank. Sampling of the Discharge Permeate cannot be
undertaken until Approval to Discharge to Condamine River is granted. This is due to the location of
the final calcium and magnesium dosing plant, which is located along the discharge pipeline,
immediately downstream of the Export Tank. The resulting TWTF data set has over 750 results.

A comparison of the monitoring results obtained for the Source Water and the TWTF Permeate
demonstrates that the TWTF is effective in treating Associated Water from the Talinga Development
Project to meet the required Talinga EA Permeate Limit provided in the Talinga EA. This is evident by
comparing monitoring results obtained from the sampling program and recognised published data for
the Source Water and TWTF Permeate.

Raw water samples taken from CSG wells and ponds showed elevated levels of aluminium, iron and
fluoride. Aluminium and iron are typically the suspended solids produced from the coal seam while the
fluoride is a dissolved solid. Comparison of these element concentrations at the well compared to the
ponds clearly shows the ponds are effective at buffering / averaging water quality. Further comparison
of the pond concentrations with the TWTF Permeate, shows the TWTF process removes aluminium and
iron to below detection limits the microfiltration unit.

Slightly elevated levels of N-Nitrosodimethylamine (NDMA) were found in the TWTF Permeate samples.

This is not unusual given NDMA is a typical by-product of the chloramination process used to control bio
film growths in the TWTF and reduce organic contamination. The NDMA is expected to rapidly degrade

in the environment due to the availability of UV irradiation.

This Report demonstrates the TWTF, through analysis of Source Water (including CSG wells and pond
water) and TWTF Permeate, is effective in treating Source Water to comply with DERM discharge
licence requirements and poses no additional public health risk to the downstream township water
supplies.
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Abbreviations, Acronyms & Definitions

Abbreviation / Acronym

Definition

ug Microgram(s)

pm Micro meters

Alkalinity The ability of water to maintain a pH
APLNG Australia Pacific LNG Pty Limited

Associated Water

Water produced from the Coal Seam.

BTEX

Benzene, Toluene, Ethyl benzene and Xylene

C6-C9

Semi volatile hydrocarbons

Chloramination

Disinfection process via the injection of
ammonia and chlorine.

CSG Coal Seam Gas
d Day
DERM Department of Environment and Resource

Management

Discharge Permeate

TWTF Permeate which has been conditioned
with calcium and magnesium

EA

Environmental Authority PEN100067807

EDC

Endocrine Destructing Compound(s)

Effluent Steam

Waste stream from cleaning of TWTF
components

Feed water

Water held in the Feed Pond.

Filtered water

Water filtered by the microfiltration unit

HDPE High Density Polyethylene
HDPE High Density Poly Ethylene
hr Hour(s)

L Litre(s)

m3 Cubic metre(s)

MF Microfiltration

mg/L Milligrams per litre

ML Mega litre (one million litres)
mL Millilitres

mSv/year milliSieverts per year
NDMA N-Nitrosodimethylamine.
ng/L Nanograms per litre
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Abbreviation / Acronym

Definition

NORMS Naturally Occurring Radioactive Materials

OWSR Office of the Water Supply Regulator

PAH Poly Aromatic Hydrocarbons

Permeate Water downstream of the reverse osmosis
treatment.

PET Polyethylene Terephthalate

pH Logarithmic scale of concentration of hydrogen
ions

PRO Primary Reverse Osmosis

QHFSS Queensland Health Forensic and Science
Services

RO Reverse Osmosis

Source Water

Water extracted from coal seams, including
water stored in ponds prior to being processed
by the TWTF

SRO

Secondary Reverse Osmosis

Talinga EA Permeate Limit

Refers to Talinga EA Permeate Limits as
provided in Schedule C Table 2 and / or Table 3
as relevant

TDS Total Dissolved Solids

T) Terajoules

TPH Total Petroleum Hydrocarbons
TWTF Talinga Water Treatment Facility
uv Ultraviolet Spectra

VOoC Volatile Organic Compound(s)
WAC Weak Acid Cationic ion exchange
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3.Introduction

The Talinga Development Project has a gas production capacity of up to 90 TJ/d consisting of
approximately 110 CSG production wells and associated infrastructure, including the TWTF.

CSG development differs significantly from developing conventional natural gas. To produce gas from a
coal seam, normally the water associated with the gas in the reservoir must first be withdrawn using
artificial lift (pump) installed in the well at the depth of the coal seam being targeted. This reduces
the pressure within the coal seam and liberates the adsorbed gas from the coal.

Figure 1 shows the extraction of gas and Associated Water from the coal seams. This includes the well
bore to the depth of the coal seams, a well head with a pump to draw down the water and a separator
to remove the Associated Water from the gas.

Figure 1 Extraction of CSG and Associated Water from coal seams
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The gas and water extracted from these wells are separated at the well site and transported to a
central location by underground water and gas pipelines called “gathering systems’. These gathering
systems are connected via trunk lines which deliver water / gas to a main processing facility.

Produced water from the gathering system is delivered to the TWTF's Feed Pond. The Feed Pond is a
lined water storage reservior that has been constructed to DERM’s specific requirements. At this
location, the Associated Water is treated using a variety of processes including Microfiltration, RO
treatment for the removal of dissolved salts in order to make the water suitable for a variety of uses.

RO treatement is a specialised microfiltration process used for water treatment, where pressure forces
a solution through a membrane that traps most of the dissolved solid components. The result is a low
salinity water stream, while the dissolved salts are separated into a a concentrated saline solution
(brine stream).
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Associated Water is primarily sodium bicarbonate, sodium carbonate and sodium chloride (or common

salt) with some other dissolved minerals. The TWTF can recover up to 90% of the Associated Water.
The TWTF Permeate will have a typical salt content of less than 0.15 grams per litre.

Objectives of Report
The objectives of this Report are to:

a. Support notification of intention to commence discharge from the TWTF to Condamine
River.

b. Provide to the Office of Water Supply Regulator Source Water and TWTF Permeate
characterisation data, collected in accordance with Condition D12 of the Talinga EA.

c. Provide details for data gaps and exceedances detected in Source Water and Permeate.

d. Provide recommendations for refining EA conditions for future sampling and analysis
requirements for Talinga Source Water characterisation.

e. Provide confirmation that no credible public health risk is associated with TWTF
Permeate and final discharge approval be granted.

Scope of Report

The information and data presented in this report includes Associated Water from CSG wells located
within the Talinga Development Project and the TWTF Permeate.
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4.Process Description

4.1.

4.2.

4.3.

Overview

Water management for the Talinga Development Project involves water gathering systems, storage and
treatment facilities.

Water Handling System

The water handling system, depicted in Figure 2 below, allows for the Associated Water from the
Talinga gas fields to be managed in one central location.

Figure 2 Talinga Development Project Water Handling System
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Operational Philosophy

During operations, Associated Water from individual CSG wells is collected by the low pressure
gathering system. This gathering system (via trunk lines) discharges into temporary holding storages
and finally into the polyethylene-lined TWTF Feed Pond. Water is pumped from the Feed Pond (TWTF
Feed Water), chloraminated and delivered to the TWTF for treatment.

The purpose of this treatment is to control microbiological activity which would be detrimental to the
TWTF process. Monochloramine in TWTF Permeate intended for discharge is then broken down
immediately after leaving the RO units by the addition of sodium bisulphite.

Permeate from RO units is further conditioned to meet Talinga EA discharge requirements. This
conditioning includes:
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e Addition of membrane Filtered Water to adjust alkalinity to ensure final water pH will remain
stable after discharge;

e pH adjustment with dilute sodium hydroxide or hydrochloric acid; and

e Addition of calcium and magnesium chloride.

Critical water quality parameters, which provide an instant appraisal of the operational integrity of the
TWTF, are monitored continuously at the Export Tank. These parameters include total chlorine, pH,
conductivity, temperature, and dissolved oxygen. The TWTF control system will raise an alarm in the
event any of these parameters approach the Talinga EA Permeate limit for that parameter. Upon a
high-high alarm, the discharge pipeline will be isolated. Any TWTF Permeate not discharged will be
recycled to the TWTF Feed Pond via an overflow line off of the Export Tank.

All water destined for discharge is dosed with calcium and magnesium chloride to meet DERM discharge
licence requirements. Due to the system design, calcium and magnesium dosing can only be achieved
as the water is discharged, thus the TWTF Permeate data is missing this component.

Reject brine is immediately stored within a designated cell in Pond B. Plant effluent which includes
Weak Acid Cation (WAC) regeneration acid and clean in place by products is intermediately stored in
the effluent pond and then transferred as required to a designated cell in Pond B.

Talinga Water Treatment Facility (TWTF) Process

Figure 3 provides an overview of the TWTF process, with key monitoring/sampling points indicated.

Figure 3 Talinga Water Treatment Facility Process Schematic
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Associated Water from the wells enters the Feed Pond and by design the water maintains a retention
time that provides stable water that has been fully contacted with atmospheric oxygen and is
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homogenous, the long contact time also allows for precipitation of metals such as aluminium, iron and
manganese.

The Boat Ramp monitoring point is located at the Feed Pond immediately adjacent to the TWTF Feed
Water pump. The Boat Ramp was selected as an appropriate sampling location with consideration
being given for accessibility, safety, good reach and sample depth.

Monochloramination Biological Control

Monochloramine, preformed from chlorine and ammonia gas applied to membrane Filtered Water, is
dosed at a level between 1.0 and 2.5 mg/L (as chloride) immediately upstream of the TWTF Raw Water
Feed pumps. Chlorine to ammonia-N dosage ratio is nominally 3.5. Average contact time for
monochloramine prior to RO treatment is 1.5 hours with plant operating normally. The chloramination
process is monitored via online instrumentation downstream of the Microfiltration Unit (MF Unit).

Filtered Water Conditioning

Raw water is screened to 400um prior to the MF Unit. Samples taken from the MF Unit sampling point
contained no detectable aluminium and iron.

The MF Unit filtrate (also referred to as Filtered Water) can be optionally treated by a weak acid cation
(WAC) exchange process to reduce levels of soluble divalent cations (calcium, magnesium, barium, and
strontium) to reduce their potential to form mineral scales in the downstream RO process, which can
reduce production. Cations removed are replaced by sodium ions. The WAC exchange is regenerated
using hydrochloric acid, with all high salinity wastes directed to the Effluent Pond, and subsequently to
Pond B.

Following WAC exchange is a multi-stage single pass RO treatment system, comprised of Primary RO
(PRO) and Secondary RO (SRO) units. This process will produce a raw combined Permeate stream with
a total dissolved salt (TDS) level less than 150mg/L year-round.

It is a discharge requirement to provide sufficient alkalinity and take other steps as necessary to
achieve a stable pH within the acceptable range. This is achieved via the addition of a small amount of
Filtered Water downstream of the MF Unit and WAC Unit. This is balanced by dilute sodium hydroxide
and dilute hydrochloric acid to maintain a pH between 6.5-8.5. Only small flows (typically less than 2%
of TWTF Permeate flow) of water conditioning are required to achieve the required alkalinity increase
given the very high levels of sodium bicarbonate in the Feed Water.

Safeguards which will prevent discharges containing excessive proportions of Filtered Water include:

e Continuous monitoring of pH levels and conductivity within the Export Tank, allowing the
TWTF to be shutoff if excessive Filtered Water is introduced via the Filtered Water conditioning
line; and

e Flow through the Filtered Water conditioning line control valve is hydraulically limited by
design (approximately 30 m/hr).

TWTF Permeate from PRO and SRO units are combined and analysed upstream of any conditioning
processes. Parameters measured by analysers at this point are used to control the dechlorination,
Filtered Water conditioning line, and final pH adjustment control systems.

Discharge Conditioning

The Export Tank provides a holding point for completion of dechlorination, stabilisation of pH, and
dampening of any final TWTF Permeate quality variations. The Export Tank is continuously monitored
at a point adjacent the discharge outlet. In the event water quality approaches allowable discharge
parameters, the TWTF control systems will isolate the discharge pipeline and stop water discharge to
the Condamine River. Once the Export Tank’s maximum working level is achieved, TWTF Permeate
will be recycled to the TWTF Feed Pond via the overflow. Parameters monitored and those that will
isolate the discharge pipeline are as follows:
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e pH (high and low);

e Conductivity (high);

e Temperature (high and low);
e Total chlorine (high);

e Dissolved oxygen (low); and
e Ammonia (high).

4.4.4. Calcium and Magnesium Dosing

Dosing facilities for calcium and magnesium are located downstream of the Export Tank just prior to
the TWTF discharge point into the Condamine River. This is the last and final step of water conditioning
before discharge and will be fully commissioned once the water discharge commences.
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5.Source Water and Permeate Characterisation
Sampling Program

5.1.

5.2.

5.3.

5.3.1.

Overview

The Talinga Development Project’s Source Water and Permeate Characterisation Sampling Program
(Sampling Program) covered extensive sampling at all operational wells, Pond A, Feed Pond and TWTF
Permeate. The sampling period for the Source Water covered 16 June 2010 to 23 July 2010 and
resulted in comprehensive data set being collected. The location of the sample/monitoring points is
shown in Figure 2 and Figure 3.

APLNG contracted Bureau Veritas to undertake the independent sampling, manage data collection and
interface with the Queensland Health Forensic and Science Services (QHFSS) laboratory. While all
samples collected were sent to QHFSS laboratory for analysis, duplicate samples for the TWTF
Permeate were also sent to LabMark in an effort to reduce turnaround timeframes.

Regulatory Requirement

Water quality monitoring is based on the conditions specified in the Talinga EA. Specifically, condition
D12 of the Talinga EA states:

“Prior to discharge and until such time as approval is gained from the Office of the Water Supply
Regulator to discharge, the holder of this authority must undertake a water quality monitoring
program (the program). The program must include:

(@ twice weekly monitoring of the feed pond(s) for the parameters stated in Schedule C -
Table 3, at varying locations to ensure an indicative characterisation of the feed water
(care should be taken to avoid sampling in close proximity to the Permeate discharge
location);

(b) twice weekly 10% rotational monitoring of all active wells for the parameters stated in
Schedule C - Table 3 (excluding those parameters identified in Schedule C -Table 3 as
disinfection by-products), expanding to include additional wells as they commence supply
of CSG water to the feed ponds;

(© Twice weekly monitoring of the final water quality for the parameters stated in Schedule
C - Table 3 at the location indicated in condition (C36);
(d) In addition to Schedule C - Table 3, the following analysis must be undertaken on the

samples collected under this condition:
a) an ICP-MS screen of the whole periodic table;
b) Screening for organics including:
a. PAHs including methylated and heteroatom analogues
b. Phenols, including chlorophenols and nitrophenols
c. Petroleum hydrocarbons and heteroatom analogues
c) Characterisation of radioisotopes
d) Microbiological characterisation
e) submission of the initial monitoring data from a), b), c¢) and d) to the Office of the Water
Supply Regulator to gain approval to discharge.

Sampling Methodology and Analysis

Methodology for Monitoring of Wells
Monitoring of 47 wells was undertaken during the Sampling Program.

The standard design of the Talinga CSG wells includes a sample collection point via a 2 inch valve
located just after the separator vessel. Samples were collected using a metal bucket with earthing
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connection so as to avoid any static build up. Half the sample was then transferred to a plastic bucket
that has a convenient spout. The contents of both buckets were swirled around to remove any
contamination or previous sample and then discarded. This procedure was repeated twice for a total
of three rinses. The operator then filled the bucket a fourth time and the entire contents were
transferred to a plastic bucket.

Sample bottles that have been lined up on the back of the operator’s utility vehicle were then filled in
turn by pouring the contents from the plastic bucket into each. Extra care was taken for the Radon
and Volatile sample bottles to ensure that they were filled with zero headspace.

Any preservatives required were added to the sample bottle prior to the sample being introduced.
Microbiological bottles and volatile sample bottles were placed in an insulated container with ice bricks
to preserve the sample integrity during transport and delivery to the laboratory.

Methodology for Monitoring of Ponds
Sampling of Talinga Pond A in addition to the TWTF Feed Pond was undertaken to:

e provide a clear understanding of how the TWTF Feed Pond acts as a buffer for source water
quality; and
e ensure data for the “worst case” Feed Water quality was obtained.

Monitoring of Talinga Pond A and the TWTF Feed Pond were undertaken on a weekly basis. Samples
were collected from the Ponds at a point which offered the most practical access with regard to safety,
accessibility and sampling depth.

Samples were taken using a one litre container on the end of a 1.5 metre pole. The sample container
was submerged in an inverted position to an appropriate depth (deep enough so as not to take too
much surface water but not so deep as to take sediment) at which point it was turned 180 degrees
back to an upright position to collect the sample. The sample was then brought to the surface and
transferred to a plastic bucket. To avoid sample contamination, the bucket was rinsed three times
before filling. Sample bottles were set up, filled and preserved as per the well procedure detailed in
the previous section.

Methodology for Monitoring of TWTF Permeate

Monitoring of TWTF Permeate occurred at the Export Tank close to the point from which the discharge
water will be drawn. Samples were taken from a continuously flowing line which also supplies the
TWTF’s export analysers.

Quality Assurance

QHFSS supplied four, 10L containers of trip blank water. Trip Blanks 1 and 2 were poured into sample
bottles the day before sampling. Trip Blanks 3 and 4 were taken into the field and left open during
sampling. Once sampling was complete, Trip Blanks 3 and 4 were transferred to sample bottles at the
sampling site.

Sample Bottles

Care was taken to ensure that sample bottles were appropriate for the nature of the sample being
collected, as well as the type of analysis to be performed. This was undertaken in consultation with
QHFSS. To ensure containers were clean and contaminant free, they were washed and maintained by
QHFSS accordingly.

Table 1 below summarises the details for Sample Bottles used during the Sample Program for the
various tests undertaken.
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Table 1 Sample Bottles for Water Monitoring
Size Type Wash Preservative Test
250mL HDPE Detergent - Anions
1L HDPE Detergent Sodium Hydroxide Cyanide
250mL HDPE Acid Nitric acid (HNO3) Total metals (not filtered)
200mL Amber glass Acid Nitric acid / Dichromate | Mercury
1L HDPE Detergent - Standard Waters
4x1L Amber glass Solvent - TPH, PAH, Phenols, EDCs
2 x 40mL Amber vial Detergent + RO Sodium Bisulphite VOC/BTEX/C6-C9
Water
5x250mL | PET Sterile 25mg Sodium Micro organisms
Thiosulphate
500mL HDPE Acid - Alpha & Beta activity
200mL Amber glass RO Water - Radon 222
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6.Source Water and TWTF Permeate Characterisation
Analysis and Discussion

6.1. Summary

The results of the Sample Program demonstrate the TWTF effectively treats Associated Water collected
from the Talinga CSG wells, to produce TWTF Permeate that meets the required Talinga EA Permeate
Limits. A summary of monitoring data collected to date is provided below for both Source Water and
TWTF Permeate for comparison.

Raw water samples taken from CSG wells and ponds showed particularly high levels of aluminium,
fluoride and iron. These chemical compounds were reduced to below the Talinga EA Permeate Limits.

A summary of the maximum concentrations for source water and TWTF Permeate is summarised in
Table 2 below.

Table 2 Summary of Maximum Concentrations Recorded for Source Water and TWTF Permeate

Compound / Talinga EA . Maximum Result Recorded (ug/L)
Element Pernlizt/eL)Umn Well Pond TWTF Permeate
Aluminium 200 8971 1467 <5
Barium 700 981 688 24
lodine 60 74 68 No result available
Iron 300 9885 1623 <100
Lead 10 19.3 1.4 <5
NDMA 0.01 Not tested Not Tested 0.013
TPH 200 (total) 930 86 Below detection
limit
Fluoride 1500 5300 5100 <0.5
Nickel 20 21.1 0.8 <0.5

It should be noted that N-Nitrosodimethylamine (NDMA) within the TWTF Permeate tested above the
Talinga EA Permeate Limit of 0.010 pg/L (10 ng/L) in two out of three samples analysed. NDMA is a by-
product of the chloramination process. NDMA levels will be monitored throughout the TWTF process.
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Forty seven wells were sampled within the Talinga gas field, resulting in a source water data set
consisting of over 9,000 results (Refer Attachment 1). A summary of the well sample results is shown in

Table 3 below.

Table 3 Well Water Characterisation Statistics

Chemical Compounds Mean Value % of Data below Detection
(ug/L) Limits
2,4,5-Trichlorophenol <0.3
2,4,6-Trichlorophenol <0.3
2-Chlorophenol <0.3
4-Methylphenol <0.3
4-Nitrophenol <0.26
4-Nonylphenol 0.2
Acenaphthene <0.01
Acenaphthylene <0.01
Aluminium 1159
Anthracene <0.01
Antimony 0.1
Arsenic 0.5
Barium 618
Benzene <1
Benzo(a)pyrene <0.01
Bisphenol A 18
Boron 427
Bromate <50 98%
Bromine 959
Cadmium 0.5
Chlorate <50
Chromium (as Cr(VI)) 1.1
Copper 9
Cyanide <10
Ethylbenzene <2
Fluoride 4140
lodine 55
Iron 1324
Lead 2.8
Manganese 211
Mercury <0.1
Molybdenum 0.3
Nickel 2.7
Nitrate 5000
Phenanthrene <0.01
Phenol <0.3
Pyrene <0.01
Radiological Compounds Refer to Attachment 3.
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Chemical Compounds Mean Value % of Data below Detection
(ug/L) Limits
Selenium 0.4
Silver 0.2
Strontium (Stable)(Total) 488
Sulphate <20 000
Thallium (Stable)(Total) <0.1
Titanium (Total) 23.8
Toluene <2
Total Petroleum Hydrocarbons (reported as separate
fractions)
TPH (C6-C9) <25

TPH (C10-C14) 83.4

TPH (C15-C28) 74.7

TPH (C28-C36) 94.3
Uranium 0.2
Vanadium 2.1
Xylene (Meta, Para, Ortho) <6
Zinc 0.8

Ref: Q-4120-95-TP-0001 Revision 0
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Feed Pond and Pond A Water Characterisation

Feed Pond and Pond A monitoring results are based on 8 samples taken during a two month period
between June and August 2010. Refer to Attachment 1 for the complete raw data set. A summary of
these results is shown in Table 4 below.

Table 4 Feed Pond and Pond A Characterisation Statistics

Chemical Compounds Mean Value % of Data below Detection
(ug/L) Limits

2,4,5-Trichlorophenol <0.25
2,4,6-Trichlorophenol <0.25
2-Chlorophenol <0.25
4-Methylphenol <0.25
4-Nitrophenol <0.25
4-Nonylphenol 98
Acenaphthene <0.01
Acenaphthylene <0.01
Aluminium 530
Anthracene <0.01
Antimony <0.1
Arsenic 0.5
Barium 553
Benzene <1.0
Benzo(a)pyrene <0.01
Bisphenol A 46
Boron 424
Bromate <50 100%
Bromine 889
Cadmium 0.1
Chlorate <500
Chromium (as Cr(VI)) 0.6
Copper 1.25
Cyanide <10
Ethylbenzene <2.0
Fluoride 4300
lodine 51.3
Iron 546
Lead 0.5
Manganese 8.5
Mercury <0.1
Molybdenum 0.4
Nickel 0.5
Nitrate <1000
Phenanthrene <0.01
Phenol <0.01
Pyrene <0.01
Radiological Compounds Refer Attachment 3.
Selenium 0.4
Silver <0.1

Ref: Q-4120-95-TP-0001 Revision 0
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Chemical Compounds Mean Value % of Data below Detection
(ug/L) Limits
Strontium (Stable)(Total) 463
Sulphate <20 000
Thallium (Stable)(Total) <0.1
Titanium (Total) 12.4
Toluene <2.0
Total Petroleum Hydrocarbons (reported as separate fractions)
TPH (C6-C9) <25

TPH (C10-C14) <10

TPH (C15-C28) 18

TPH (C28-C36) 30
Uranium <0.1
Vanadium 1.2
Xylene (Meta, Para, Ortho) <6.0
Zinc 8.6

Ref: Q-4120-95-TP-0001 Revision 0
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6.4. TWTF Permeate Characterisation

TWTF Permeate monitoring results are based on three TWTF Permeate samples taken in August 2010.
A summary of these results is shown in Table 5 below.

Table 5 TWTF Permeate Characterisation Statistics

Chemical Compound / Element Talinga EA Mean Value % of Data that % of Data
Permeate Limit (na/L) meets Talinga below
(ug/L) EA Permeate Detection
Limit Limits
1, 1 Dichloroethene 30 <5.0 100%
1, 2 Dichlorobenzene 1500 <5.0 100%
1, 2 Dichloroethane 3 <5.0 100% 100%
1, 2 Dichloroethene (Cis) 60 <5.0 100%
1, 4 Dichlorobenzene 40 <5.0 100%
2,4,5-Trichlorophenol 350 <2 100%
2,4,6-Trichlorophenol 20 <2 100%
2,4-Dichlorophenol 200 <2 100%
2-Chlorophenol 300 <2 100%
4-Methylphenol 600 <4 100%
Acenaphthene 20 <1.0 100%
Acenaphthylene 0.014 <1.0 100%
Aluminium 200 4.8 100%
Ammonia 500 <1000 100% 100%
Anthracene 150 <1.0 100%
Antimony 3 <0.1 100% 100%
Arsenic 7 <0.1 100%
Barium 700 21.4 100%
Benzene 1 <0.5 100%
Benzo(a)pyrene 0.01 <1.0 100% 100%
Boron 4000 206 100%
Bromate 20 <500 100% 100%
Bromide 7000 <500 100%
Bromochloromethane 40 <5 100%
Bromodichloromethane 6 <5 100%
Bromoform 100 <5 100%
Cadmium 2 <0.1 100%
Chlorine 5000 760 100%
Chlorobenzene 300 <5 100%
Chloroform (Trichloromethane) 200 <10 100%
Chromium (as Cr(VI)) 50 <5 100%
Copper 2000 0.1 100%
Cyanide 80 <10 100%

Ref: Q-4120-95-TP-0001 Revision 0
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Chemical Compound / Element Talinga EA Mean Value % of Data that % of Data
Permeate Limit (ug/L) meets Talinga below
(ng/L) EA Permeate Detection
Limit Limits
Dibromochloromethane 100 <5 100%
Ethylbenzene 300 <1.0 100%
Fluoride 1500 <500 100%
lodide 100 <500 100% 100%
Iron 300 6 100%
Lead 10 <0.1 100%
Manganese 500 <5 100%
Mercury 1 <0.1 100%
Molybdenum 50 <5 100%
Nickel 20 0.03 100%
Nitrate 50000 <100 100%
Nitrite 3000 <200 100%
N-Nitrosodiethylamine (NDEA) 0.01 <0.015 100% 100%
N-Nitrosodimethylamine (NDMA) 0.01 0.008 50%
Phenanthrene 150 <1.0 100%
Phenol 150 <2 100%
Pyrene 150 <1.0 100%
Selenium 10 0.1 100%
Silver 100 <0.1 100%
Strontium (Stable)(Total) 4000 19 100%
Sulphate 500 000 500 100%
Detection
Thallium (Stable)(Total) limit <0.1 100%
Detection
Titanium (Total) limit 0.2 100%
Toluene 800 <1 100%
Total Petroleum Hydrocarbons
(reported as separate fractions) (Total) 200
TPH (C6-C9) <20 100%
TPH (C10-C14) <50 100%
TPH (C15-C28) <100 100%
TPH (C28-C36) <100 100%
Uranium 20 <0.1 100%
Vanadium 50 <0.1 100%
Xylene (Meta, Para, Ortho) 600 <3 100%
Zinc 3000 0.5 100%

Ref: Q-4120-95-TP-0001 Revision 0
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Talinga Development Source Water and Permeate Characterisation Report

Data Gaps

A summary of gaps in monitoring data for Source Water and TWTF Permeate is summarised in Table 6
below followed by a detailed description of each gap in the following discussions.

Table 6 Summary of Source Water and TWTF Permeate Data Gaps

Chemical Compound Talinga EA Data Gaps Description
Permeate
L () Well Pond Permeate
Not Recorded | Not Data pending Sampled but not
Acrylamide (2-propenamide) 0.2 Recorded analysed.
Not Recorded | Not <1000 Sampled but not
Ammonia 500 Recorded analysed.
Not Recorded | Not <500 Sampled but not
Bromide 7000 Recorded analysed.
Not Recorded | Not 760 Sampled but not
Chlorine 5000 Recorded analysed.
Not Recorded | Not Not recorded Outside the original scope
Recorded of parameters to be
Hydrazine 0.01 tested.
Not Recorded | Not <500 Sampled but not
lodide 100 Recorded analysed.
Not Recorded | Not <200 Sampled but not
Nitrite 3000 Recorded analysed.

Radiological Compounds

0.5 mSvl/year
for the total
radionuclide
exposure

Not Recorded | Not
Recorded

Not Recorded

Sampled but not
analysed. Refer to
NORMS Survey provided
as Attachment 3.

Microbiological Data

Not Applicable

Refer to Attachment 1 for raw
data. No colonies detected in
samples analysed.

No colonies
detected in all
samples.

Limited data available for
Source Water. Not all
samples were analysed
by QHFSS given limited
capability to process large
volume of samples.

Metals

Not Applicable

Polonium, Francium, Radium, Actinium and

Protactinium

Not analysed by QHFSS.

6.5.1.

6.5.2.

The missing data identified in Table 6 include:

Acrylamide (2-propenamide)

Samples were taken and this test was included on the original testing request. However, analysis was
not able to be performed by QHFSS. The presence of Acrylamide is not expected as the TWTF uses NSF
approved treatment chemicals.

Ammonia

Samples were taken and despite being included on the original testing request, the test for ammonia
was not performed. Results are now available on TWTF Permeate and all subsequent samples collected
after August 16th 2010. All results for the TWTF to date have been recorded as below the limit of

detection.

The TWTF utilises an industry standard monochloramine and ammonia analyser (HACH APA6000) which

determines total and free ammonia via a modified phenate method.

Ref: Q-4120-95-TP-0001 Revision 0
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6.5.8.
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Bromide

Samples were taken and despite this test being included on the original testing request, it was not
performed. Results are now available on TWTF Permeate and all subsequent samples collected after
August 16th 2010. All TWTF Permeate results have been recorded as below the limit of detection.

Chlorine

Sampled were taken and despite this test being included on the original testing request, it was not
performed. Results are now available on TWTF Permeate and all subsequent samples collected after
August 16th 2010. All TWTF Permeate results to date have been less than the Talinga EA Permeate
Limit.

Total chlorine is currently measured online by Amperometric and the DPD colourimetric method with
the HACH CL17 online instrumentation.

Hydrazine

The Talinga EA Permeate Limit for hydrazine is below detection limits. As hydrazine readily reacts with
oxygen, accurate testing must be conducted on site.

APLNG has a spectrophotometer on site and is in the process of procuring the reagents to perform the
hydrazine analysis. Modelling work has also been done by I. Najm, 2006, American Water Works
Association demonstrating the possible formation of hydrazine during the production of
monochloramine. The report concludes that at a free ammonia level below 0.2 mg/L, the hydrazine
concentration drops below detection levels. APLNG intends to operate its monochloramination system
with a free ammonia level below 0.2 mg/L.

lodide
lodide was sampled but not analysed by QHFSS. This test was included on the original testing request
but not performed.

Nitrite
Nitrite was sampled but not analysed by QHFSS. This test was included on the original testing request
but not performed.

Radiological

Alpha and beta emitters were sampled but QHFSS could not complete analysis for raw feed water due
to the interference from the total dissolved solids. APLNG engaged Australian Radiation Services in
February 2010 to conduct a comprehensive NORMS survey throughout its operating assets. The NORMS
survey found below background radiation levels in Associated Water at Talinga, Spring Gully and
Condabri gas fields.

Microbiological

Microbiological characterisation is largely unknown due to the anaerobic nature of the coal seam and
pertinent applicable testing for the bacteria in the coal seam has not been developed. Attached is a
paper in Attachment 2 that highlights work done on microbiological activity in the coal seam.

Elements by ICP-MS

Metals Polonium, Francium, Radium, Actinium and Protactinium were not screened by QHFSS.

Ref: Q-4120-95-TP-0001 Revision 0
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6.6. Key Data Discussion

A summary of elevated levels for analytes is presented in Table 7 below. This summary clearly shows:

e The ponds are effective at buffering and averaging elevated levels of compounds/elements recorded
for individual wells;

e Elevated levels of compounds/elements within source water primarily consist of heavy metals, with no
man made compounds recorded. This is expected as source water is a haturally occurring resource,
with little possibility of contamination.

e The TWTF is an effective barrier in treating source water to meet Talinga EA Permeate Limits.

Ref: Q-4120-95-TP-0001 Revision 0
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Table 7 Summary of Key Data

Chemical Wells Feed Pond and Pond A TWTF Permeate
Compounds Talinga EA
Permeate Limit|Mean Value| % of Data | Mean Value | % of Data | Mean Value | % of Data % of Data
(Hg/L) (ng/L) below (ng/L) below (ug/L) that meets below
Detection Detection Talinga EA Detection
Limits Limits Permeate Limits
Limit
Aluminium 200 1159 530 4.8 100%
Barium 700 618 553 21.4 100%
Bromate 20 <50 98% <50 100% <500 100%
Fluoride 1500 4140 4300 <500 100%
lodine 60 55 51.3 15.1 100%
Iron 300 1324 546 6.0 100%
N- 0.01 Not tested Not tested 0.008 50%
Nitrosodimethylamine
(NDMA)
Lead 10 2.8 0.5 <0.1 100%
Nickel 20 2.7 0.5 0.03 100%
Total Petroleum (Total) 200
Hydrocarbons
(reported as separate
fractions)
TPH (C6-C9) <25 <25 <20 100%
TPH (C10-C14) 83.4 <10 <50 100%
TPH (C15-C28) 74.7 18 <100 100%
TPH (C28-C36) 94.3 30 <100 100%

Ref: Q-4120-95-TP-0001 Revision 0
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6.6.1. Well Data Discussion

A discussion of the key parameters is provided in the following sections.

6.1.6.1. Aluminium

The wells in the Talinga gas field produce a noticeable amount of solids which contributes to the high
Aluminium content. Aluminium is expected to drop out of suspension with pond retention time and be
fully removed by the MF unit and RO unit.

6.2.6.1. Barium

The wells produce a background of barium which is expected to level out in the ponds and be fully
mitigated by the RO barrier as shown in the Permeate data.

6.3.6.1. Bromate

Only one sample result was recorded above the Talinga EA Permeate Limit, being Well 35 with a result
of 50ug/L. However, it should be noted that the Talinga EA Permeate Limit for Bromate is below the
detection limit. APLNG believes that this exceedance is a false positive result, particularly given that
ozonation is not used upstream or in the TWTF process and therefore there is no possibility of Bromate
compounds existing in the TWTF Permeate.

6.4.6.1. Fluoride

The wells produce a background of fluoride which is expected to level out in the ponds and be fully
mitigated by the RO barrier as shown in the TWTF Permeate data.

6.5.6.1. lodine

The wells produce a sporadic background of iodine which is expected to level out in the ponds and be
fully mitigated by the RO barrier as shown in the TWTF Permeate data.

6.6.6.1. Iron

High iron levels in CSG water at the wells is likely due to the noticeable amount of solids produced by
the Talinga wells. The iron is expected to drop out of suspension with pond retention time and be fully
removed by the MF system and RO barrier.

6.7.6.1. Lead

The wells produce a sporadic background of Lead which is expected to level out in the ponds and be
fully mitigated by the RO barrier as shown in the TWTF Permeate data.

6.8.6.1. Nickel

Of the 47 wells sampled, well 27 exceeded the Talinga EA Permeate Limit for Nickel. However, the
mean data for CSG well water was recorded as 2.7ug/L, which is below the Talinga EA Permeate Limit
of 20ug/L. Given no exceedance of Nickel was noted in the pond or TWTF Permeate, APLNG believes
that the TWTF process is capable of removing this metal.

6.6.2. Feed Water and Pond A Data Discussion

Key parameters from Feed Water and Pond A data is discussed in the following sections.

Ref: Q-4120-95-TP-0001 Revision 0
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6.1.6.2. Aluminium

Aluminium levels in pond samples tested were generally below levels measured directly from CSG wells
at Talinga. This would tend to demonstrate effective settling of solids in the Ponds. Any remaining
aluminium is expected to be fully removed by the MF unit and RO barrier.

6.2.6.2. Fluoride

Fluoride levels in the ponds were also generally below the levels measured at the wells. Further
treatment in the Talinga TWTF ensures fluoride levels are fully mitigated by the RO unit. Effective
removal of fluoride by the TWTF is shown in the resulting RO Permeate data.

6.3.6.2. lodine

The sporadic levels of iodine observed at the wells are shown to level out in the ponds. Residual levels
of iodine are expected to be fully mitigated by the RO unit.

6.4.6.2. lron

Any residual iron in the ponds will be fully removed by the MF unit and RO unit. This can be confirmed
by referring to the monitoring results of the TWTF Permeate.

6.6.3. TWTF Permeate Data Discussion

6.1.6.3. Nitrosodimethylamine (NDMA)

Permeate samples analysed tested triggered the reportable specification of 0.001 ug/L (10 ng/L) for N-
Nitrosodimethylamine (NDMA). NDMA is a by-product of the chloramination process. The World Health
Organisation (WHO) drinking water guideline for NDMA is 0.1 pg/L (100 ng/L).

Chloramination is used to treat the Feed Water with a monochloramine disinfectant. At the Talinga
TWTF, chloramination is used to prevent fouling of the RO membranes. Chloramination also reduces
the overall levels of regulated contaminants compared to chlorine. Both chlorine and small amounts of
ammonia are added to the water one at a time which react together to form monochloramine (also
called combined chlorine), a long lasting disinfectant. Chloramination provides effective residual
disinfection with minimal risk to public health. Chloramine reacts with other compounds in the water
to form what are called “disinfection by-products” such as NDMA.

The most common method for NDMA removal is by UV irradiation therefore NDMA is expected to rapidly
degrade in the environment with a reported half life of less than 24 hours.

Further, background samples of the receiving water were taken at the Chinchilla and Condamine Weirs.
NDMA concentrations at these locations were found to be 0.011 pg/L and 0.012 pg/L (or 11 and 12ng/L)
respectively. Mean NDMA concentration for the TWTF Permeate is 0.008 pg/L (8 ng/L) which is below
the Talinga EA Permeate Limit.

7.Conclusion

This Report clearly demonstrates the ability of the TWTF to effectively treat Source Water to comply
with the Talinga EA and pose no additional public health risk to the water supplies downstream of the
discharge.

Use of monochloramine produces a disinfection by-product called NDMA. The levels of NDMA recorded a
mean result of 0.008 pg/L (8 ng/L) which is below the Talinga EA Permeate Limit.

There is currently no guideline value for NDMA in the Australian Drinking Water Guidelines (ADWG), but
a Talinga EA Permeate Limit of 0.010 pg/L (10 ng/L). The low level of NDMA in TWTF Permeate is
expected to rapidly degrade in the environment by UV irradiation.

Ref: Q-4120-95-TP-0001 Revision 0
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8.Recommendations

Following on from the data analysis, it is recommended that the on-going requirements for
demonstrating compliance with the Talinga EA be refined to provide assurance of safe and compliant
operations while focusing on meaningful data collection and analysis.

(S
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Suggested improvements to the current sampling program would involve exclusion of those chemical
compounds and elements that:

are not likely to be introduced by the TWTF process;
have been shown to be below detection limits;
require specialised testing not widely offered by commercial laboratories; and / or
other constraints preventing safe, efficient and accurate monitoring.

Based on the sampling and analysis conducted in relation to the Talinga Source Water and TWTF
Permeate, recommendations are given for each chemical / compound / element analysed.
Recommendations are summarised in Table 8 below.

Table 8 Recommendations

Chemical Compounds Talinga EA Recommendation Detection limit Justification
Permeate Limit comments
(Hg/L)
1, 1 Dichloroethene 30 Remove D'S.SOIVed ethane extremely
unlikely
1, 2 Dichlorobenzene 1500 Remove Benzene precursor less than
lpg/L
1, 2 Dichloroethane 3 Remove D'S.SOIVed ethane extremely
unlikely
1, 2 Dichloroethene (Trans Dissolved ethene extremely
. 60 Remove -
and Cis) unlikely
1, 4 Dichlorobenzene 40 Remove Benzene precursor less than
lpg/L
2, 2 Dichloropropionic Acid Not able to be analysed by
(DPA) 500 Remove QHFSS
) Phenol precursor less than
2,4,5-Trichlorophenol 350 Remove 0.25 pg/L
) Phenol precursor less than
2,4,6-Trichlorophenol 20 Remove 0.25 g/l
. Phenol precursor less than
2,4-Dichlorophenol 200 Remove 0.25 pg/L
Phenol precursor less than
2-Chlorophenol 300 Remove 0.25 g/l
Not able to be analysed by
4-Chlorophenol 10 Remove QHESS
Phenol precursor less than
4-Methylphenol 600 Remove 0.25 g/l
. Phenol precursor less than
4-Nitrophenol 30 Remove 0.25 pglL
Phenol precursor less than
4-Nonylphenol 500 Remove 0.25 g/l
Acenaphthene 20 Keep
Acenaphthylene 0.014 Clarification Detection limit at Talinga EA Permeate Limit

1pg/L

below detection limit.

Ref: Q-4120-95-TP-0001 Revision 0

Australia Pacific LNG ABN 68 001 646 331 e Level 3, 135 Coronation Drive Milton QLD 4064
GPO Box 148, Brisbane QLD 4001 e Telephone 07 3858 0600 e Facsimile 07 3369 7840 e originenergy.com.au

Page 29 of 36



Talinga Development Source Water and Permeate Characterisation Report

(S
origin

Chemical Compounds Talinga EA Recommendation Detection limit Justification
Permeate Limit comments
(Hg/L)
Acrylamide (2- 0.2 Remove Not Performed by QHFSS
propenamide)
Aluminium 200 Keep
. I Detection limit at Talinga EA Permeate Limit
Ammonia 500 Clarification 1000pg/L below detection limit.
Anthracene 150 Keep
Antimony 3 Keep
Arsenic 7 Keep
Barium 700 Keep
Benzene 1 Keep
Benzo(a)pyrene 0.01 Keep
Bisphenol A 200 Keep
Boron 4000 Keep
I Detection limit at Talinga EA Permeate Limit
Bromate 20 Clarification 50pg/L below detection limit.
Bromide 7000 Keep
Bromine 7000 Keep
Bromochloroacetic acid 0.014 Clarification Detection limit at Talinga EA Permeate Limit
5ug/L below detection limit.

o Not able to be analysed by
Bromochloroacetonitrile 0.7 Remove QHFSS
Bromochloromethane 40 Keep
Bromodichloromethane 6 Keep
Bromoform 100 Keep
Cadmium 2 Keep
Chlorate 800 Remove N_Io_nochlprammaﬂon used as

disinfection
Chlorine 5000 Keep
Chlorine dioxide 1000 Remove l\/_lo_nochl_oramlnatlon used as
disinfection
Chlorite 300 Remove (l;/_lo_nochl_oramlnatlon used as
isinfection
Chloroacetic acid (Mono) 150 Keep
Chlorobenzene 300 Keep
Chloroform
(Trichloromethane) 200 Keep
Chromium (as Cr(VI)) 50 Keep
Copper 2000 Keep
. I Detection limit at Talinga EA Permeate Limit
Cyanide 80 Clarification 100ug/L below detection limit.
Dibromoacetic acid 0.014 Clarification Detection limit at Talinga EA Permeate Limit
1ug/L below detection limit.
Dibromochloromethane 100 Keep

Ref: Q-4120-95-TP-0001 Revision 0

Australia Pacific LNG ABN 68 001 646 331 e Level 3, 135 Coronation Drive Milton QLD 4064
GPO Box 148, Brisbane QLD 4001 e Telephone 07 3858 0600 e Facsimile 07 3369 7840 e originenergy.com.au

Page 30 of 36



Talinga Development Source Water and Permeate Characterisation Report

(S
origin

Chemical Compounds Talinga EA Recommendation Detection limit Justification
Permeate Limit comments
(Hg/L)
Dichloroacetic acid 100 Keep
Dichloroacetonitrile 2 Remove (N;:;Sblse to be analysed by
Ethylbenzene 300 Keep
Fluoride 1500 Keep
Hydrazine 0.01 Remove tl-é)écti:%iine unstable, difficult to
lodide 100 Keep
lodine 60 Keep
Iron 300 Keep
Lead 10 Keep
Manganese 500 Keep
Mercury 1 Keep
Molybdenum 50 Keep
Monochloramine 3000 Keep Handled on site g:zesent atapprox. 1Img/L. as
Nickel 20 Keep
Nitrate 50000 Keep
Nitrite 3000 Keep
(I\I’\]glér;\))sodlethylamme 0.01 Keep
(N'\—Iglthxodlmethylamme 0.01 Keep
Phenanthrene 150 Keep
Phenol 150 Remove ggﬁ?&l I\(levsas;é}:.an 0.25ug/L in
Pyrene 150 Keep
Pending approval from OWSR
Radiological Compounds 0.5 mSvl/year Clarification :)hrit/itcri]: d'\li(sjsci'vleiusaut:ev.e()ll?efer
Attachment 3).
Selenium 10 Keep
Silver 100 Keep
Strontium (Stable)(Total) 4000 Keep
Sulphate 500 000 Keep
Thallium (Stable)(Total) Detection limit Keep
Titanium (Total) Detection limit Keep
Toluene 800 Keep
Total Petroleum
Hydrocarbons (reported as (Total) 200 Remove Below detection limit at ponds.
separate fractions)
TPH (C6-C9) Remove Below detection limit at ponds.
TPH (C10-C14) Remove Below detection limit at ponds.

Ref: Q-4120-95-TP-0001 Revision 0
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Chemical Compounds Talinga EA Recommendation Detection limit Justification
Permeate Limit comments
(Hg/L)
TPH (C15-C28) Remove Below detection limit at ponds.
TPH (C28-C36) Remove Below detection limit at ponds.
Trichloroacetic acid 100 Keep
Uranium 20 Keep Covered by radiological
compounds.
Vanadium 50 Keep
Xylene (Meta, Para, Ortho) | 600 Keep
Zinc 3000 Keep
Inclusions

Source water only

Dimethylamine (DMA) (Feed Pond)
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Fig. 1. Map of eastern Australia showing sample locations.

The main pathways of biogenic methane generation in coal are the
carbon dioxide (CO,-reduction) and acetate-dependent (acetoclastic-
reaction) methanogenesis implemented by archaea (Games and
Hayes, 1978; Jenden and Kaplan, 1986). Methanogenic archaea,
however, utilize relatively few small organic molecules and rely on
other organisms to break down the coal to simple substrates. These
organisms are generally bacteria that breakdown the coal by
fermentation. Thus, successful conversion of coal to methane relies
on the presence of both methanogenic archaea and fermentative
bacteria.

Carbon and deuterium isotope data for CH4 and CO, indicate that
the main mechanism of secondary biogenic methane generation, in all
Australian coals, is CO, reduction (Fig. 2). ‘Sweet spots’ for CBM
production in the Sydney and Surat Basins are confined to relatively
permeable coal seams where microbial activity has increased CHy
content and saturation levels relative to adsorption isotherms (Faiz
and Hendry, 2006).

1.3. Aim of study

Geochemical and isotopic analyses have provided indirect evi-
dence that widespread secondary biogenic gas generation occurs in

Australian CBM reservoirs (Faiz and Hendry, 2006). However, it is
uncertain if biogenic gas generation is currently occurring in these
reservoirs. Furthermore, to date, microorganisms contributing to this
process have not been recorded from any deep coal seams in Australia.
This study presents data from preliminary experiments conducted in
Australian CBM reservoirs. The aim was to amplify prokaryotic
Deoxyribonucleic acid (DNA) from coal seams and associated forma-
tion water samples from three coalfields, and from that information
make inferences about the likely composition of the bacterial and
archaeal populations present with a view to better understand the
processes of biogenic gas generation in the subsurface.

2. Samples and methods
2.1. Sampling

Coal and formation water samples were obtained from three
coalfields in eastern Australia. The samples included bituminous coal
from CBM exploration boreholes in the Sydney Basin, formation water
samples from the Sydney and Surat Basins, and a brown coal sample
from the Port Phillip Basin where CBM testing is currently ongoing
(Tables 1 and 2). The boreholes were drilled using standard water
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Executive Summary

Australian Radiation Services Pty. Ltd. (ARS) conducted a radiological survey of the Origin Coal Seam Gas
operations in Queensland for the presence Naturally Occurring Radioactive Material (NORM) between 22"
and 24" February 2010 in the Spring Gully and Talinga regions.

The radiological survey of gas installations, including gas plants, field wells and water treatment faculties
indicated the absence of elevated external gamma radiation levels which could be attributable to NORM
within the process equipment. Survey measurements (cps) and doses rates recorded for all sites were
comparable with the natural background measurements. No radioactive contamination was identified in any
of the process items surveyed, which is consistent with the external survey results. Analysis of process
waters and scales identified activity concentrations consistent with levels encountered in the natural
environment.

Consequently there is currently a negligible external radiation hazard to personnel working in any areas of
those facilities assessed, when compared with an individual's exposure to natural background radiation
levels, and there is no reason to suggest there is any internal ingestion/or inhalation hazard from a radiation
exposure perspective as a result of handling process equipment from any of the Origin sites.

Unlike conventional gas production, the potential for NORM to accumulate in a coal seam gas installation
over an extended period of time is relatively unknown. It may depend on several factors including local
geology and the extraction and processing techniques utilised. Several recommendations have been made
to regulate any potential accumulation of radioactive scale in the gas facilities over the coming years.
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1.0 Introduction

Following a request from Oskar Jarvie, Chemist with Origin Energy Australia Ltd. (Origin), Australian
Radiation Services Pty. Ltd. (ARS) attended the Coal Seam Gas Operations in Queensland to conduct
monitoring for Naturally Occurring Radioactive Material (NORM) within its gas producing installations.

Mr. Darren Billingsley, Senior Health Physicist and Mr. Michael Bernardo, Health Physicist with ARS,
conducted radiation monitoring between 22" and 24" February 2010 on facilities in the Spring Gully and
Talinga areas in the south-west region of Queensland. This incorporated gas plants, field wells and water
treatment facilities.

This report presents the findings and associated recommendations from the site visit.

2.0 Scope of work

Scope of work for the visit was to:

) conduct a radiological survey for external gamma radiation of the Spring Gully, Strathblane, Taloona
and Talinga gas plant installations where NORM could potentially be present. Fifteen (15)
representative wells, and water treatment plants at the Spring Gully and Talinga sites were also

assessed;

. monitor spool items removed from service internally for radioactive contamination where possible, thus
identifying the internal inhalation/ingestion hazard present; and

. collect and conduct gamma ray spectrometry analysis of production water and coal silt samples
collected.

A full scope of works was provided by Origin (Work scope-ARS-feb2210).

3.0 Site details

Sites: Spring Gully Gas Plant, including select field wells
Strathblane gas plant, including select field wells
Taloona gas plant, including select field wells
Spring Gully RO water treatment plant
Talinga gas plant, including select field wells
Talinga temporary water treatment plant

4.0 Natural background radiation levels in Australia

Humans are exposed to natural radiation to a greater, or lesser extent, from a number of sources. For
example, cosmic radiation from outer space; the presence of uranium, thorium and potassium-40 (*°K) in the
Earth’s crust; and radon gas released from the decay of uranium.

The total average dose to an individual from natural background radiation is about 2.4 mSv per year, but
varies widely throughout the world depending on altitude at which people live, the local geology, the type of
housing lived in, and the food consumed. In some countries the average annual dose received from natural
background radiation is in excess of 10 mSv. Due to the local geology and our mode of living, average
annual doses in Australia are generally below the worldwide average and closer to 1.7 mSv. The natural
background radiation level from external gamma radiation sources only in Australia is approximately 0.9 mSv
per person per year primarily from cosmic and terrestrial sources, which equates to ~0.10 pSv-h™ averaged
over the year. Typical background dose rates can vary from ~0.05 to ~0.15 uSv-h™ depending on the above
mentioned factors and may be even higher in some instances.

Uranium and thorium are dispersed throughout rocks and soils in low concentrations of a few parts per
million (ppm). Naturally-occurring uranium-238 and thorium-232 are parents of separate long-lived series of

ARS Job No.:10-1562 Page 1 of 13
Date: February 2010
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radionuclides of several elements, which decay in succession until stable lead is formed. In addition,
radioactive potassium, K is present with stable potassium, which is a common element in the Earth’s crust.
A number of radionuclides in both natural decay series emit gamma radiation, as does “°K, and this leads to
external and internal irradiation of people. The incorporation of these elements into building materials also
leads to exposure indoors. Radioactive elements of the uranium and thorium natural series also can be
incorporated into food and drinking water, which results in internal exposures to radiation from the
consumption of foodstuffs.

Radon and thoron gas are a particularly significant source of exposure to natural radiation, especially radon
(*’Rn) from the decay of **Ra from the **®U series. Build-up of radon gas inside houses can lead to an
accumulation of radon indoors if a dwelling is not well ventilated. Exposure to radon gas can contribute to
more than half the overall dose to individuals from natural sources in some countries.

Uranium and thorium are present in some minerals and ores at higher concentrations than are found in soil,
but not necessarily at levels that could be exploited for the elements themselves. The processing of these
ores can lead to additional radiation exposure of workers and the public during operations or from
management of waste materials.

The presence of Naturally Occurring Radioactive Material (NORM) in the conventional gas producing
industry is included in Appendix A as additional background information. The potential for the presence of

NORM in the extraction of the natural gas from underground coal beds is relatively unknown and not widely
recognised or reported within the radiation safety industry.

5.0 Radiation monitoring equipment

The radiation monitoring equipment used during the site visit is listed in Table 1.

Table 1: Radiation monitoring equipment — February 2010.

Monitor Serial No(s). Mode/Radiation Type Measurement units
_ Survey mode (gamma) cps
Exploranium GR-130 9676 =}
Dosemeter mode (gamma) nSv-h
; Alpha cps
Thermo 1A with DP2R/4A 3512/10650 P P
probe Beta cps
HPI Cypher 5000 with 5505 a
PGM probe 501129/1124 Alpha, Beta and Gamma cps

a. Integrated ‘counts’ over a 30-second period are displayed and converted to a cps equivalent.

The Exploranium GR-130 mini-spectrometer (see Figure 1) is used to search, locate and identify gamma ray
emitting radionuclides. This instrument is suitable for a ‘search and locate’ exercise as it contains a highly
sensitive Nal scintillation detector. Efficiency tests have identified that the mini-spectrometer can “see” a
planar surface of diameter 2 metres from a height of 30 cm from the ground. They can also identify gamma
ray emitting radionuclides to a depth of approximately 10 cm to 50 cm in soil depending on the gamma ray
energies.

Figure 1:  Exploranium GR-130 minispectrometer — February 2010.

ARS Job No.:10-1562 Page 2 of 13
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The GR-130 instrument has been calibrated in terms of ambient dose equivalent rate and has a resolution of
0.001 pSv-h™. Due to the excellent resolution and fast response to radiation, this instruments is ideal for
large scale environmental radiation surveys. GR-130 instrument was used for the external survey of the
process equipment.

The Bicron Electra 1A with Model DP2A/4R alpha-beta dual phosphor probe is suitable for measuring alpha
and beta radioactive contamination in units of counts per second. The HPI Model 5505 probe contains a
geiger-muller pancake detector when connected to the HPI Cypher 5000 is suitable for detecting alpha, beta
and gamma radiation in total counts or counts per second.

All radiation monitoring equipment has been calibrated within the past twelve (12) months to a Cs-137
source whose output is traceable to the Australian Primary Standard of Exposure maintained by the
Australian Radiation Protection and Nuclear Safety Agency (ARPANSA).

6.0 Methodology
6.1 Testing protocol

Prior to commencing any survey work, discussions were held with Origin management and process
personnel to identify key equipment to be included in the survey. Site specific inductions were completed by
Mr. Billingsley and Mr. Bernardo as required.

The radiation monitoring equipment used is not intrinsically safe and hence a ‘hot work’ permit and gas
detector were required before any survey work could be conducted at any of the monitoring sites.

At all locations, with the exception of the field wells in the Spring Gully region, an Origin representative
accompanied ARS to assist with identification of the process equipment.

6.2 Background measurements

Background measurements were performed at each gas plant and field well location prior to conducting the
survey with the GR-130 instrument. This included measurements in the survey mode (cps) and the dose rate
modes (nSv-h™). The ability of the GR-130 meter to measure very low, background radiation levels means
that readings are displayed in nSv-h. However, for the purpose of this report, all measurements are
reported in uSv-h, the standard unit for reporting occupational dose rates (1000 nSv = 1 uSv).

Background levels recorded at each site are presented with the survey results in Appendix B. The stated
uncertainties are one standard deviation calculated from a data set of a minimum of five measurements.

Background levels varied considerably between sites and are dependant on several factors most notably the
presence of naturally occurring radionuclide present in the soils and/or cover material (e.g. natural soil,
gravel road base, concrete, or an elevated walkway). Generally, background count rates measured on land
with the Gll?-130 meter are in the range 50 — 120 cps, and typical dose rates vary between 0.05 and
0.15 uSv:h™.

Background measurements were also conducted for the contamination monitoring equipment used. A
pass/fail criterion value was developed for each radiation monitoring instrument used based upon the sum of
the mean background count rate and three standard deviations of this mean. Items which record radiation
count rates in excess of a criterion value are considered to contain detectable radioactive contamination.

6.3 Count-rate survey

Using the GR-130 meter in ‘survey’ mode, key process items and spool identified were checked for the
presence of NORM. Sweeping measurements were conducted with the instrument in direct contact or close
proximity to the outside surfaces of the process equipment (Figure 2). The instrument display current and
historical count rates enabling a ‘spike’ in gamma radiation levels to be readily observed. Counts rates
observed were recorded as a range for each process item or section of the plant surveyed (see Appendix B).

ARS Job No.:10-1562 Page 3 of 13
Date: February 2010



R AUSTRALIAN
§| RADIATION
SERVICES
—

Keeping people safe.

Origin Energy Australia Ltd.
Radiological survey of Coal Seam Gas operations for NORM

Particular consideration was given to sections of the process where NORM scale could potentially
accumulate including pumps, valves, sharp bends in spool, etc..

Figure 2. External survey of field well in Talinga region — February 2010.
6.4 Dose rate survey

Using the GR-130 instrument, limited dose rate measurements were also performed in close proximity to the
process equipment.

The number of dose rate measurements conducted is dependent on the levels identified during the count
rate survey.

The purpose of obtaining dose rates is to quantify the dose an individual would receive as a result of any
external radiation exposure. For this survey it was to quantify the count rate survey results, and provide
confirmation that there was no external radiation exposure hazard present. The number of dose rate
measurements collected was minimal due to the count rate levels encountered during the survey being
comparable to background levels.

6.5 Contamination measurements

Direct measurements for the less penetrating alpha and beta contamination on internal surfaces of process
equipment was limited to items that had been removed from service previously (Figure 3). Internal monitoring
of in-line spools and equipment was not possible as all plants and equipment were sealed or in operation at
the time of the survey. An additional consideration was that external survey results provided no indication
that internal contamination would be present and consequently extensive contamination monitoring was not
considered warranted at the time of the survey.

ARS Job No.:10-1562 Page 4 of 13
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Figure 3:  Contamination monitoring of spool — February 2010.

6.6 Sample analysis

Samples were collected for radionuclide analysis by the ARS radionuclide analysis laboratory. Process water
samples were collected from the Spring Gully RO Water Treatment Plant (Pond 1) and from the Talinga
temporary RO Plant. A sample containing a mixture of sand and coal fines from the Condabri lease was also
provide to ARS for radionuclide analysis.

The solid sample was prepared for analysis by drying, grinding and homogenising, and a portion transferred
to a standard plastic container and analysed by high-resolution gamma ray spectrometry. Water samples
were subject to preliminary radiochemical treatment to isolate specific radionuclides and then analysed by
gamma ray spectrometry for their soluble and insoluble components. Radionuclide concentrations were
determined for key radionuclides from the uranium and thorium radioactive decay series including uranium-
238 (as thorium-234), radium-226, lead-210, radium-228 and thorium-228, and other detectable natural
radionuclides.

ARS Job No.:10-1562 Page 5 of 13
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7.0 Results

7.1 External survey

Radiation monitoring results for the external radiological survey of the gas installations, including background
measurements are presented in Appendix B.

7.2 Internal contamination measurements

Results from the internal assessment of process equipment removed form service is provided in Table 2.

Table 2: Results from the NORM monitoring of the internal surface of process items removed from
services — February 2010. The results have not been corrected for background radiation levels.

Iltem Electra 1A/ Electra 1A/ HPI Cypher /
DP2R/4A DP2R/4A PGM

alpha beta (cps)
(cps) (cps)

Spring Gully Gas plant

Background <0.1 1.8+0.1 0.6+0.1

Scrap valve <0.1 1.2+0.1 0.3+£0.1

Talinga site

Background <0.1 2.3+0.1 0.7+£0.1

Removed spool from tie-in sales gas line <0.1 2.3+0.1 0.6+0.1

Old Talinga well water line 0.0 1.5+£04 0.7+0.1

Old Talinga well gas line <0.1 1.8+0.1 05+0.1

7.3 Sample analysis
Gamma ray spectrometry sample analysis results are provided in Appendix C.

Section 10 of the Queensland Radiation Safety Regulations (1999) prescribes limits for the disposal of
radioactive material in water. Considering total activity concentration of radionuclides in the naturally
occurring radium and thorium identified in samples collected at the ‘Talinga RO Plant’ and the ‘Spring Gully
RO plant’, average activity concentrations are well below prescribed limits for disposal, and consequently
exempt from regulation from a radioactivity perspective.

The scale sample ‘DM10’ and the ‘Condabri coal fines’ are not considered ‘radioactive substances’ in
Queensland as average activity concentrations are well below the prescribed limits for mineral substances as
outlined in Section 5 of the Regulations. In fact, the radionuclide activity concentrations of both samples are
consistent with the typical concentrations found normally in uncontaminated soil worldwide. For instance, the
radium-226 concentrations identified from both samples (0.021 Bqg-g™* and 0.061 Bq-g™) are consistent with
this worldwide natural soil radioactivity range of 0.017-0.060 Bg-g™ (UNSCEAR 2000).

8.0 Discussion

The radiological survey of the gas installations, including gas plants, field wells and water treatment plants
indicated the absence of elevated external gamma radiation levels attributable to NORM. Survey
measurements (cps) and doses rates recorded for all sites were comparable with the natural background
measurements.

The highest count rates observed during the survey were contributable to natural radioactive material
present in the underlying soil. Due to the in-growth period for the formation of radon gas from radium-226, it
was expected there may have been notably elevated levels within the vicinity of the equipment temporarily
not in use; including gas plant compressors that had been off-line for up to 5 days, or the field wells that had
been shut-in. This was shown not to be the case.

ARS Job No.:10-1562 Page 6 of 13
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Consequently there is a negligible external radiation hazard to personnel working in any areas of those
facilities assessed, when compared with an individual’'s exposure to natural background radiation levels. All
ambient dose rate measurements are comparable or less than those levels normally encountered as a result
of other sources of natural background radiation.

No radioactive contamination was identified in any of the process items surveyed, which is consistent with
the external survey results. Consequently there is no reason to suggest there is any internal ingestion/or
inhalation hazard from a radiation exposure perspective as a result of handling process equipment from any
of the Origin sites.

The reasons for the presence of NORM in the extracted gas or produced water, can be due to several
factors including the geophysical nature of the reservoir, extraction techniques, etc. In conventional gas
production, newly operational plants may have insignificant levels of NORM during initial stages of
commissioning, but can accumulate NORM over a period of time, sometimes within a few years. The rate of
accumulation can depend on many factors. However, the potential for NORM to accumulate in a coal seam
gas installation over an extended period of time is unknown.

9.0 Conclusions

The results obtained during the radiological survey of gas installations in the Spring Gully and Talinga
regions indicate that the levels of NORM at the time of assessment were negligible comparable to natural
background radiation levels. The measurements collected from this survey provides good baseline data
should NORM be identified in the future. Recommendations have been included in this report relating to
future assessments.

10.0 Recommendations

. Based on the monitoring results, a repeat survey of the gas plants and installations assessed during
this visit is not warranted for a period of at least 2 years. This survey should include a repeat external
survey of identical plant equipment and wells assessed during this survey.

) If new Origin gas plants are established, a baseline external survey should be conducted within the
first 3-months of operation similar to the surveys conducted during this visit.

. Origin could consider scheduling the survey during a major maintenance shutdown. This would enable
potential NORM contamination levels on internal surfaces of operational process equipment to be
assessed. The key radionuclides targeted would be Pb*® and the associated progeny which cannot
be identified externally due the low penetrating power of the associated radiation, and are prevalent in
conventional gas producing facilities (Appendix 1). The likelihood of these radionuclides being present
is low (considering the external survey failed to identify its parent, an), internal measurements
inside key process equipment would provide confirmation of this. This could be conducted in the next
1-2 years depending on the Origin shutdown schedule.

. Ra?*® and Ra’*® concentrations in the produced water and scale samples analysed were at negligible
concentrations, suggesting that mobilisation of these key radionuclides is minimal in the existing fields,
unlike problems that can be encountered in the conventional gas producing industry (Appendix A).
The decision to conduct sample analysis in the future would depend on the outcome of radiation
measurements results at the time.

Reference

UNSCEAR 2000. Sources and Effects of lonising Radiation, UNSCEAR, 2000
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Appendix A: NORM in the ‘conventional’ gas industry

Formation water present within oil and gas reservoirs contains cations of calcium, strontium, barium and
radium which are dissolved from the reservoir rock. As a consequence, under certain temferature, pressure
and chemical conditions, formation water contains the radium radioisotopes radium-226 (“*Ra) and radium-
228 (**Ra).

Radon gas (**Rn) is generated in the reservoir rock through the decay of *Ra. Mixed gas / water streams
extracted from the reservoir blend with the produced radon gas. When radon decays, short-lived decay
products (radon progeny) are generated which plate out on the internal surfaces of process pipes and
vessels. These short-lived radionuclides emit high-energy gamma radiation which can be readily identified on
external surfaces of equipment.

In gas processing product streams, radon generally follows the dry gas stream. De-ethanisors, fractionators,
condensers and storage tanks are all considered items where radon gas may accumulate. Radon has a
boiling point between that of propane and ethane and consequently can also be expected to be more
concentrated in propane and ethane circuits.

Due to the short half-life of radon and its progeny, 99% of these radionuclides will have decayed to the
longer-lived metal lead-210 (**°Pb) within 25 days. *°Pb undergoes further decay to the other short-lived
radionuclides bismuth-210 (**°Bi) and polonium-210 (**°Po). Concentrations of ?*°Pb and its decay products
can be expected to increase over time in gas producing facilities. None of these radionuclides have strong
gamma radiation emissions and cannot be identified externally. The main radiation hazard from these
deposits are generally due to the inhalation of internal radioactive contamination removed or disturbed during
maintenance works. The opening of process equipment whilst the plant is shutdown provides a unique
opportunity to identify if 2pp js present on the internal surfaces.

The extent of mobilisation of *°Ra and ?*®Ra from gas reservoirs and its appearance in produced water can
vary considerably. Generally speaking, lower concentrations are expected in scales and sands extracted
during gas processing, in comparison with oil producing installations where concentrations are generally
higher.
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Appendix B: External radiological survey results — February 2010
Exploranium Exploranium GR-130
Item Description GR-130 survey data external dose rate
(counts per second) (uSv-h™

Taloona Gas Plant (22/2/10)

Background (gas plant entrance) 40+5 0.024 + 0.005

Inlet risers 20-40 -

Inlet separators 20-35 -

Raw water inlet from separators 25-45 -

Flare controller 20-35 -

Suction header 25-45 -

K3 Compressor (online)

- inside 10-25 -

- outside 20- 40 -

K2 Compressor (offline 5 days)

- inside 10-25 -

- outside 20-35 -

K1 Compressor (online)

- inside 15-30 -

- outside 10-30 -

Fuel gas skid 2 (online) 25-45 -

Fuel gas skid 1 (offline) 20-45 -

Glycol skid 1 10- 25 0.010 - 0.035

Particulate filters from Glycol skids 30-45 0.020 - 0.035

Dehydration skid, ground 10-20 -

Dehydration skid, upper 15-25 -

TEG contactor (base) 15-35 -

Sales gas line/skid 30 — 60* 0.030 — 0.045

Strathblane Gas Plant (22/2/10)

Background (gas plant entrance) 95+5 0.059 + 0.009

Inlet risers 40 - 80 -

Inlet separators 30-50 -

Raw water inlet from separators 45 - 80 -

Flare controller 35-55 -

Suction header 20 — 80* -

K1 Compressor (online)

- inside 10- 30 -

- outside 40-70 -

K2 Compressor (online)

- inside 10-30 -

- outside 30-280 -

- suction line inlet 25-40 -

- soil, beside compressor 110 + 5* 0.068 + 0.008

K3 Compressor (offline 1 day )

- inside 10-25 -

- outside 45-70 -

- suction line inlet 25-30 -

Fuel gas skid 2 (online) -

Fuel gas skid 1 (offline) -

Glycol skid (TEG regeneration) 20- 50 0.017 + 0.007

Dehydration skid, ground 10-35 -

Dehydration skid, upper 25-45 -

TEG contactor (base) 25-45 -

Degasser drum 25-45 -

Produce water pumps skid 25-35 -

Sales gas line 40 — 80* -

Spring Gully Gas Plant (22/2/10)

Background (gas plant entrance) 70+10 0.040 + 0.002
ARS Job No.:10-1562 Page 9 of 13
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Exploranium Exploranium GR-130
Item Description GR-130 survey data external dose rate
(counts per second) (uSv-h™
Inlet risers 30 - 60 -
Inlet separators 30-45 -
Raw water inlet from separators 40 - 60 -
Flare controller 30-45 0.027 + 0.004
Suction header 35-60 -
K4 Compressor (offline)
- inside 10-40 -
- outside 30-65 -
K3 Compressor (online)
- inside 10-35 -
- outside 25-50 -
- suction line 20-35 -
K2 Compressor (online)
- inside 10-20 -
- outside 35-55 -
Fuel gas heater skid 1 40 - 60 0.035 + 0.007
Glycol skid (TEG regeneration) 20- 40 -
Dehydration skid 2, ground 20-35 -
Dehydration skid 2, upper 20-35 -
TEG contactor (base) 30-45 -
Sales gas line/skid 35-60 -
Spring Gully field wells (23/2/10)
Well SG10 (operating, high gas rate)
Background 0+5 -
Well 40-75 -
Well DM3 (operating, high gas rate)
Background 80+5 -
Well 35-65 -
Well DM42 (operating, high water rate)
Background 705 -
Well 35-85 -
Well DM13 (operating, internal scale identified during w/o)
Background 60 + 10 -
Well 35-50 -
Well DM10 (closed, internal scale identified during w/o)
Background 85+5 -
Well 40-70 -
Well DM64 (operating)
Background 80+5 -
Well 50- 75 -
Spring Gully RO Water Treatment Plant (23/2/10)
Background 35+5 -
Arkal filters 20-35 -
MF racks 15-35 -
Reverse osmosis skid A (online) 20-35 -
CIP-to-filtrate tank area 20-40 -
RO feed filter 20- 30 -
Talinga Gas Plant (24/2/10)
Background (gas plant entrance) 80+5 0.053 + 0.005
Inlet risers 55-80 -
Silt traps 40-70 -
Suction header 45-75 -
Screw compressor 7 (online)
- inlet/outlet 50 - 65 -
- oil and gas scrubbers 20- 45 -
Screw compressor 4 (offline 2 days)
- inlet/outlet 45-75 -
- oil and gas scrubbers 20- 40 -

ARS Job No.:10-1562
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Exploranium Exploranium GR-130
Item Description GR-130 survey data external dose rate
(counts per second) (uSv-h™
Screw compressor 1 (online)
- inlet/outlet 45 — 80* -
- oil and gas scrubbers 15-35 -
We gas line collection point 55 — 85* -
Reciprocating compressor 1 (offline 1 hour)
- inlet/outlet 45 - 65 -
- skid 15-30 -
Wet gas sales pipeline 55 — 95* -
Glycol skid, ground 50 - 65 -
Glycol skid, upper 35-55 -
TEG filter skid 2, ground 15-40 -
TEG filter skid 2, upper 25-40 -
Sales gas line/skid 45-70 -
Pigging pipeline 55-75 -
Talinga field wells (24/2/10)
Well Talinga 9 (operating)
Background 85+ 10 0.076 + 0.017
Well 45-85 -
Well Talinga 22 (operating)
Background 705 -
Well 35-75 -
Well Talinga 39 (operating, high flow)
Background 75+5 -
Well 45-70 -
Well Talinga 18 (operating, free flowing
and minimal gas)
Background 80 +£10 0.056 + 0.008
Well 55 - 80 -
Well Talinga 13 (shut in)
Background 85+ 10 -
Well 55-70 -
Well Talinga 12 (operating)
Background 80+5 -
Well 55-75 -
Well Talinga 10 (shut in)
Background 80+5 -
Well 60 - 80 -
Talinga RO plant (temporary)
Background 80+5 -
Micro filtration system 35-50 -
Filtrate water tanks 40-70 -
Reverse osmosis 35-60 -
Permeate/Service water tanks and waste 45-75 -
* elevated levels due to underlying soils only
ARS Job No.:10-1562 Page 11 of 13
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Appendix C: Radioactivity analysis report — February 2010
To: Origin Energy Resources Ltd. Report No.: 10-1562-R1

339 Coronation Drive
Milton QLD 4064

Contact: Mr. Oskar Jarvie

Sample description:
Number of samples:
Submission date:
Analysis required:

Analytical method:

Water, sludge and scale samples

Four

1% March 2010

Determination of the activity of naturally-occurring radionuclides.

Pretreatment:

A. Solids — samples dried and homogenised, and apportion of each sample was
encapsulated in resin in a standard container for measurement.

B. Water — Samples filtered and radiochemical treatment to isolate naturally-

occurring radionuclides

Measurement: High resolution gamma ray spectrometry used to determined
radionuclide content.

AUSTRALIAN RADIATION SERVICES PTY. LTD.

Report prepared by:

Reviewed by:

Date:

~

i .

|/
Mr. Michael Gilhen Signed: (\tuimd L
Health Physicist

Dr. Malcolm Cooper Signed: (2
Consultant Environmental Scientist é b

10™ May 2010

)
fl

/L/ 5\,

ARS Job No.:10-1562
Date: February 2010

Page 12 of 13



AUSTRALIAN

3| RADIATION

Y/ SERVICESI:
——'_'_/

Keeping people safe.

Origin Energy Australia Ltd.
Radiological survey of Coal Seam Gas operations for NORM

Results:
Radioactivity Concentrations (Solids - Bq.g™; Liquids - BgeL™)

Note:
a) Radioactivity concentrations are expressed in becquerel (Bqg) per gram of dry solid or
becquerel per litre for water. One becquerel equals one nuclear transformation per second.
b) Less than (<) values indicate the limit of detection for each radionuclide for the measurement
system.
c) The reported uncertainty in each result is the expanded uncertainty calculated using a
coverage factor of 2, providing a level of confidence of approximately 95%.

Client Sample ID (ARS Lab. ID)

U (RO [ SlpIng L (50 Condabri coal fines DM10 Scale
Wateg Plant We}ter (Bq-g™) (Bq-g™)
(Bg-L™) (Bg-L™)
Radionuclide (10-1562-01) (10-1562-02) (10-1562-03) (10-1562-04)
Naturally-occurring uranium (U-238) series
Thorium-234 <0.14 <0.13 0.025 + 0.021 <0.03
Radium-226 <0.08 <0.08 0.021 + 0.003 0.061 + 0.006
Lead-210 <0.15 <0.14 0.025 + 0.019 <0.03
Naturally-occurring thorium (Th-232) series
Radium-228 <0.07 <0.08 0.033 + 0.006 0.050 + 0.009
Thorium-228 <0.07 <0.06 0.033 + 0.004 0.052 + 0.005
Other naturally-occurring radionuclides
Potassium-40 Not determined Not determined 0.48 £ 0.05 <0.04
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Combabula CSG Water Management Plan

Appendix 9 : Saline Effluent Management Plan
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As part of the extraction of coal seam gas, coal seam gas (CSG) water is removed from the
coal seam. CSG water is collected from wells associated with the Australia Pacific Liquefied
Natural Gas (LNG) Project and aggregated at a number of water treatment facilities (WTF)
where it is treated to provide high quality water for a number of end uses. As a result of the
treatment process, a high salinity stream — saline effluent (also referred to as brine) is
produced containing the majority of the salts removed from the CSG water.

3

1. Introduction

The base case approach for saline effluent management across the Australia Pacific LNG
project is to store effluent in suitably designed brine ponds during the project life, with
transfer of evaporated solid salts to a licensed regulated waste disposal facility prior to the
end of the project. At each Water Treatment Facility (WTF) a number of specially designed
ponds are to be constructed. To aid natural salt crystallisation via evaporation,
supersaturated salt solution will be removed from the ponds periodically and at the
decommissioning stage. The saline effluent needs to be reduced to solid salt for its transfer
to an off-site waste disposal facility.

A number of optimisation options are being investigated to reduce the requirement for large
scale ponds and are discussed in Section 8 of this report.

This Saline Effluent Management Plan sets out the intended strategy to contain, concentrate,
reuse and dispose of the salts contained in the saline effluent stream across the Australia
Pacific LNG Project sites. This document forms Appendix 9 of the CSG Water Management
Plan (formerly referred to as the Adaptive Associated Water Management Plan).

1.1 Background

Australia Pacific LNG is a 50:50 joint venture between Origin Energy and ConocoPhillips to
develop CSG fields located in Queensland for supply to an LNG plant at Gladstone. The
Project will comprise up to 10,000 CSG wells over 14 fields with water from these wells
aggregated for treatment at up to 7 WTF's. Infrastructure planned for the first five years of
development is anticipated to include over 1,200 wells and two new water treatment plants.

The State Development and Public Works Organisation Act 1971 (SDPWO Act) provides a
mechanism for ‘significant projects’ that will require numerous regulatory approvals, such as
the Australia Pacific LNG Project, to be assessed initially by a whole-of-government
environmental impact statement (EIS). This process is managed by the Coordinator General
(CG) within the Department of Infrastructure and Planning (DIP), who is responsible for
ensuring that the Project’'s environmental, social and economic impacts are appropriately
considered.

Australia Pacific LNG submitted an EIS addressing it's required Terms of Reference (ToR)
on 29" January 2010. The Coordinator General’s report, which is the Queensland State
government approval for the Project, was received in November 2010. This plan has been
prepared for all environmental management plans (EMP) as required for the expansion of the
CSG fields in accordance with the conditions of the CG’s report, Appendix 2, Part 2,
Condition 6 — Brine and Salts Management Plan. This condition requires a plan to address
compliance with State policy, management and disposal of salt brought to the surface by
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project activities and a management plan for the management of secondary salinity.
Conditions 9 and 18 also contain conditions relevant to the design and decommissioning of
brine ponds respectively.

3

1.1.1 Nomenclature

For the purposes of the CSG Water Management Plan and subordinate documents including
this Saline Effluent Management Plan, the reject stream from the treatment of CSG water will
be referred to as saline effluent. This stream typically has a concentration of around 30 g/L
total dissolved solids (TDS) but could foreseeably range from 15 to 50 g/L. The term brine
refers to a solution of sodium chloride usually with other salts which is of a concentration
greater than 40 g/L, total dissolved salts (seawater is approximately 35 g/L). In some cases
the saline effluent is referred to as brine. Due to the fact that when saline effluent is
concentrated via evaporation ponds, its concentration will increase beyond 40g/L, these
evaporation ponds are referred to as brine ponds.

1.2 Objective of the Saline Effluent Management Plan

This Saline Effluent Management Plan will be the overarching document to outline the
manner in which saline effluent streams across the Australia Pacific LNG Project are to be
managed. It will seek to meet the following requirements:

e Summarise the legislative background and current government policy stance
relevant to this issue

e Provide current forecasts for quantities of saline effluent to be generated across the
Project sites

e Document the chosen waste management approach including the design and
operation of saline effluent evaporation ponds (also referred to as brine ponds)

e Discuss a range of options being considered and investigated for optimisation of
saline effluent management

o Undertake a risk assessment of the saline effluent management system

¢ Outline monitoring requirements which will detect any unintended releases of saline
effluent and prescribe remediation actions to be followed

¢ Discuss potential cumulative impacts from the generation of brine across a number
of CSG developments across the state

e Discuss the decommissioning or long term management requirements for Australia
Pacific LNG's saline effluent management infrastructure

Allow for an adaptive approach to the provision of solutions for saline effluent management
allowing for changing conditions both internal and external to the Project and continually
improving outcomes where possible.
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2. Policy and Legislation
CSG water is managed under a complex legislative framework, such that:

CSG water extraction is authorised under the Petroleum and Gas (Production and Safety)
Act 2004 or the Petroleum Act 1923.

Production of CSG and the associated CSG water must be authorised by an environmental
authority issued under the Environmental Protection Act 1994 (EP Act). CSG water is a
waste that must be either disposed of in accordance with the conditions of an environmental
authority or used beneficially in accordance with a beneficial use approval.

The disposal of brine that may be created in the treatment of CSG water or the disposal of
solid salt is also regulated under the EP Act. Brine and solid salt may also be used under a
beneficial use approval.

For an overview of the regulatory setting for CSG water management for the Project in
general, refer to section 2 of the CSG Water Management Plan (APLNG 2010).

2.1 Environmental Protection Act 1994 / Environmental Protection Regulation
2008

The object of this Act is to protect Queensland’s environment while allowing for development
improving the total quality of life, both now and in the future, in a way that maintains the
ecological processes on which life depends, (that is ecologically sustainable development).

The Environmental Protection Act 1994 (EP Act) requires a major project, such as Australia
Pacific LNG's to apply for and subsequently operate under, an Environmental Authority
(Petroleum Activities) (EA).

The storage, treatment or disposal of regulated waste is an Environmentally Relevant Activity
(ERA), subject to exceptions. The EA approvals process will involve an assessment of ERAs
that are listed as relevant petroleum activities. For any ERAs that are not listed as relevant
petroleum activities, or are located outside the respective petroleum lease areas, a
development approval may be required.

The EP Act provides an overarching framework for the assessment of the petroleum activity.
Further guidance is provided in a series of Environmental Protection Policies (EPPs) made
under the EP Act and in Operational policies issued by the Department of Environment and
Resource Management (DERM). Of relevance to the management of saline effluent is the
Environmental Protection (Waste Management) Policy 2000 and Environmental Protection
(Waste Management) Regulation 2000.

2.1.1 Environmental Protection (Waste Management) Policy/ Regulation 2000

The EP Act defines waste to include anything that is “left over, or an unwanted by-product,
from an industrial, commercial, domestic or other activity”. The Environmental Protection
(Waste Management) Policy 2000 (the Policy) provides a strategic framework of managing

commercial-in-confidence Q-4200-15-MP-0003

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 » www.aplng.com.au 6



Saline Effluent Management Plan ,‘} °

& AUSTRALIA
Wl PACIFIC
\LI\IG

waste whilst the Environmental Protection (Waste Management) Regulation 2000 (the
Regulation) contains the requirements for handling specific waste streams.

3

The Policy prescribes the principle of the waste management hierarchy. The hierarchy states
the preferential order of options for management of waste is avoidance, reduction, reuse,
recycle, energy recovery and disposal. The waste management hierarchy is applied to the
management of waste saline effluent stream.

2.1.2 Operational Guideline — Regulated dams in environmentally relevant activities

Due to the predicted concentrations of salts that will exist in brine ponds, the volumes to be
stored, and the potential for environmental harm should their contents not be contained, all
brine ponds in the Project will be classified as “Regulated Dams” under the Environmental
Authorities for the CSG activities for which they are constructed. The Manual for Assessing
Hazard Categories and Hydraulic Performance of Dams (August 2010) provides more detail
as to the requirements for brine ponds. This guideline is currently in draft form.

This guideline provides the framework under which water storages must be assessed in the
form of model conditions which are likely to be included in the environmental authority for any
storages which are proposed for the development area. Conditions would require that
certified design plans, construction specifications, an operations plan and decommissioning
plans are provided for any regulated dams. Details of any ponds which are determined to be
regulated dams will be documented within the conditions including key design parameters
such as volumes and reporting levels. Conditions are also provided for certain design
requirements such as performance requirements for the liner systems to be used in saline
effluent ponds and other ponds. Under the guideline and the model conditions contained
therein, the assessment of storages must be carried out in line with the Manual for Assessing
Hazard Categories and Hydraulic Performance of Dams.

The guideline also outlines the qualifications required of the assessing party and the
timelines and details for the assessment of any regulated dams.

2.1.3 Manual for Assessing Hazard Categories and Hydraulic Performance of Dams

The manual provides the criteria which determine whether a water storage would be defined
as a significant or a high hazard dam based on the nature of the contents and the hazards
presented by the potential failure of the storage to contain those contents. It applies specific
hydraulic requirements to both categories and also provides requirements for specific
features of CSG storage liner systems as included in the model conditions.

The August 2010 draft of this manual is currently being amended by DERM and changes are
under consultation.
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2.2 CSG Water Management Policy

In June 2010, DERM released a policy to ensure that the produced salt does not
contaminate the environment and to encourage the beneficial use of treated CSG water.

The policy deals with issues raised in the Queensland Coal Seam Gas Water Management
Policy, October 2008, and relates to the amendments to the Environmental Protection Act
1994 enacted in the South-East Queensland Water (Distribution and Retail Restructuring)
and Other Legislation Amendment Act 2010. The policy finalises the discussion paper
published by the DIP titled, Management of Water Produced from Coal Seam Gas
Production Discussion Paper, May 2009.

The framework of the policy for the management of CSG water includes:

e Treatment of CSG water

e Evaporation dams for CSG water disposal

e Standard design for aggregation and brine storage dams

e CSG water management plan

¢ Remediation action for existing evaporation dams

e Transitional arrangements for existing evaporation dams.

e Management or disposal options for saline effluent and solid salt wastes

The policy also provides a response to the management, treatment and disposal of brine and
solid salt. It provides a waste management hierarchy, in order of decreasing preference.

Furthermore the policy stipulates CSG water and brine design requirements. The
requirements for liner systems have been incorporated in the CG’s conditions (Condition 9)
for the project and the Manual for Assessing Hazard Categories and Hydraulic Performance
of Dams.
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3. Production Profile

3.1 Saline effluent flows

The water profile for the Combabula gas field generally follows the pattern of a ramp up to a
peak extraction rate which occurs around 5 years after the commencement of operations.
This is followed by a period in which the rate of water extraction declines at a similar rate.
Gas production will continue beyond this ramp down usually for around 30 years. Figure 3.1
provide the forecasted CSG water which will need to be treated at each of the WTF's across
the Australia Pacific LNG Project.
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Figure 3.1 — Water profile for Combabula field (development case 4L)

In most cases the generation of saline effluent closely follows the water profiles at a
proportionally lower rate. However, some variance is seen throughout the fields with recovery
rates anticipated to vary between development areas. The proportion of saline effluent to
CSG water treated is a function of the recovery rate targeted at the water treatment facility
and the characteristics of the influent and is usually of the order of 75 to 95% permeate
production. The recovery rate is a function of processing equipment, operation and
maintenance as well as feed water quality constitutes such as salinity, silica and calcium.

commercial-in-confidence Q-4200-15-MP-0003

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 » www.aping.com.au 9



Saline Effluent Management Plan /

®oe
W& rUSTRALIA
W PACIFIC

LNG

The following table shows the WTFs that will be developed over the first 5 years of the
project and their treatment capacity, anticipated recovery rate and forecast maximum saline
effluent flow.

Table 3.1 - Details for Reedy Creek WTF recovery

Site Permanent Predicted Recovery Maximum saline
Capacity Rate effluent flow rate
ML/d ML/d

Reedy Creek WTF 40 75% 14.8

Further details on the WTF’s including beneficial reuse of treated water can be found in the
CSG Water Management Plan Section 4.

3.2 Low pH effluent

Along with saline effluent flows, a separate effluent stream consisting mainly of the backwash
and regeneration fluids from the ion exchange process and membrane cleaning processes
will be generated at each WTF site. This small effluent stream, high in ions other than
sodium, will be neutralised by blending a small amount of the higher pH feed and sent to a
dedicated compartment within the brine ponds to avoid mixing different contaminants with
the other salts. This ensures that recovery opportunities from the bulk salts crystallised in the
ponds are not jeopardised by the inclusion of more impurities in the form of calcium and
magnesium salts than necessary. Once neutralised, this stream will be have similar or lower
salinity to the main saline effluent stream and will be crystallised separately for disposal to
licensed landfill facility. The dedicated pond for this stream will be of a similar standard of
construction to the brine ponds.

3.3 Saline effluent characteristics

Saline effluent produced at each WTF will vary in both constituent salts and total dissolved
salt concentration based on both the native characteristics of the CSG water being treated,
and the design and operational parameters of that facility. The dominant salts in the CSG
water differ between fields between sodium chloride (NaCl) and sodium carbonate or soda
ash (Na,CO3) and sodium bicarbonate (NaHCOs3). There are also significant amounts of
fluoride, boron and generally high pH.

Estimated characteristics of the saline effluent to be generated at the WTF's is as detailed in
Table 3.2.
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Table 3.2 - Anticipated saline effluent characteristics

Property Units Value
pH 8.8
Temperature °c 15 - 30
Total Dissolved Salts mg/L 31,200
Suspended Solids mg/L <5
Dissolved Organic Carbon mg/L <40
Silica as SiO2 mg/L 130
Calcium as Ca mg/L 4.0
Magnesium as Mg mg/L 4.0
Sodium as Na mg/L 11,300
Potassium as K mg/L 77
Barium as Ba mg/L 5.5
Strontium as Sr mg/L 17.5
Chloride mg/L 15,350
Carbonate as CaCO3 mg/L 300
Bicarbonate as CaCO3 mg/L 3,800
Fluoride by ISE mg/L 5.0
Boron as B mg/L 1.2
Sulphate as SO4 mg/L <1
Iron; total mg/L <0.5
Manganese; total mg/L <0.05
Aluminium; total mg/L <0.5

Anticipated CSG water composition at the Reedy Creek WTF, which in turn determines the
composition of the saline effluent, is regarded as being typical of CSG water from wells in the
northern project area such as the feed to the existing Spring Gully WTF. The expected ionic
composition of the Reedy Creek CSG water shows a dominance of chloride salts.

3.4 Saline effluent profile

For the Reedy Creek WTF, a predicted 5.5 GL of saline effluent will be produced over the
first 3 years of production (2013-2015). Whilst the flow of CSG water to Reedy Creek WTF
will be lower than for other development areas, the flow of saline effluent will be similar. This
is due to the anticipated recovery rate for this WTF of 75% being substantially lower those
other sites. In other words, for a given volume of water treated through the Reedy Creek
facility, a greater volume will be rejected as brine when compared to other sites (refer Table
3.2).

Figure 3.2 below shows the saline effluent to be generated across the Project for the first 3
years at Reedy Creek.
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Figure 3.2 - Saline effluent profile

3.5 Salt profile

The total mass of solids that could potentially be recovered from the Combabula
development area is approximately 88,000 tonnes over the first 3 years of production (2013
to 2015). This is based on an assumption that the salinity of CSG water from this field would
average 4,000 mg/L and that negligible salinity would remain in the treated water from the
facility.
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Figure 3.3 — Project salt profile

Over the 30 year life of the Project, a total of 1.2 million tonnes of salt could be potentially
recovered from the Combabula fields. Whether or not this figure is realised would depend on
observed water quality and recovery rates as well as the other management options which
may be developed as discussed in section 8.
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4. Saline Effluent Management Approach

Australia Pacific LNG has committed to find the highest and best use of CSG water
produced, including treatment by products, on a case by case basis. Lead by extensive
research, Australia Pacific LNG has adopted a parallel approach to CSG water management.
This approach has been developed to address uncertainties of water supply - demand,
legislation, technology and commercial arrangements and includes the management of both
treated water and saline effluent streams.

The approach delineates between “base case” options and “optimisation” options.

Base case options, to be adopted on a site by site basis, provide a sustainable management
solution that can be readily applied using existing technologies and customers. In parallel
Australia Pacific LNG will be developing a number of options, referred to as “optimisation”
options. These will also be adopted on a site by site basis and their adoption will be in
sequence of the respective site’'s development. Uncertainties regarding salt quality and
quantity, demand and supply are considered to diminish over time. The optimisation options
are considered to provide potential further benefit once technology, negotiations and
legislation have evolved.

4.1 Option selection

As discussed in detail in the Australia Pacific LNG EIS, a five step rational decision model
was adopted for the appraisal and selection of the base case CSG water management
options and subsequently included those for saline effluent. The model was used to define
requirements, guide brainstorming and external investigative processes to develop
management ideas, evaluate issues using two recognised management processes and
result in the final saline effluent base case selection.

The selected management option was assessed using five internally selected criteria which
focused primarily on regulatory approval requirements and achievable implementation within
the Project schedule. Table 4.1 below, provides a summary of the base case and
optimisation case options selected.

Table 4.1 - Summary of management options for treated CSG water and saline effluent

Treated CSG Water Management

Base Case e Beneficial re-use of treated CSG water to Australia Pacific LNG owned irrigation.
e Beneficial re-use of water in construction and operation activity of the Project.

e Supply of treated CSG water for beneficial re-use in existing agriculture.

e  Supply of treated CSG water for trial investigation to new technologies.

e Interim and contingent discharge of treated CSG water to watercourses.

Optimisation | e Injection in areas where suitable receptor aquifers identified. Technical and economic
feasibility to determine through a structured program of trials.

e Aggregation and management of treated CSG water in conjunction with other producers
and suppliers.
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Base Case e Encapsulation of solid salts in a suitable licensed regulated waste disposal facility

Optimisation e Brine concentration / salt crystallisation for high value sale or transport
e Reinjection into coals or low value geological strata

e Ocean discharge via dedicated pipeline to Gladstone area

The selected base case aims to provide certainty to the project by providing a sound and
workable solution to the management of the volumes of brine which are expected to be
produced in the initial stage of the Project. The provision of adequate brine ponds to
accommodate the forecast volumes of saline effluent means that the Project can proceed
with a high level of surety that the salts and other contaminants present in the effluent will not
present a risk to environmental values or create any impacts beyond the boundary of the
facilities.

The base case solution is within the acceptable solutions put forward in Government policy
documents and is considered to be a feasible solution which can be developed building on
existing technologies and using available land at the sites.

Additionally the inclusion of the base case solution in the early stages doesn't preclude the
deployment of a preferred optimisation solutions should that prove to be feasible in future.

4.2 Regulatory framework & guidance

The Coal Seam Water Management Policy ranks saline effluent management options. As
discussed in section 2, these are as follows:

1. waste reuse or recycling by chemically processing or treating brine or salt residues to
create useable or saleable products (e.g. soda ash)

2. injection of brine into a natural underground structure that is geologically isolated and
does not contain groundwater, which does or could supply water for potable or
agricultural purposes

3. waste disposal of:
3.1 brine solution by piped ocean outfall
3.2 solid salt into a suitable existing licensed regulated waste disposal facility

3.3salt into a purpose-built licensed and regulated waste disposal facility on
freehold land owned by the CSG

The base case option selected for the Australia Pacific LNG Project equates to 3.2, ‘solid salt
into a suitable existing licensed regulated waste disposal facility’.

Also discussed in section 2, the Environmental Protection (Waste Management) Policy
prescribes the principles of waste management hierarchy. The optimisation options consider
the hierarchy with three target areas are being developed in relation to brine management.
These are:
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Reduce — brine concentration and crystallisation trials planned in 2011

Reuse — progressing negotiations with salt distributors, both halites (table salt) and
soda ash.

Recycle —studies continuing into the potential to inject brine into; the coal seam; the
basement formation; or depleted conventional fields.

3

Working within the waste hierarchy all three provide higher ranking options within the CSG
Water Policy than the base case. Limitations exist however which reduce the potential to
implement these potential solutions within the project timeframes.

Australia Pacific LNG seeks approval for base case options. Depending on option
development, approval would be sought for optimisation options as an amendment to any
existing EA.

4.3 Brine ponds

The base case for management of saline effluent generated for the Australia Pacific LNG
Project is evaporation through the use of specifically designed brine ponds. These utilise the
natural evaporation potential associated with the Central Queensland climate to further
concentrate the saline effluent and crystallise the salts dissolved within it.

Benefits to the brine pond option are:

e Reliability
e Known technology and science
o Potential for future salt recovery allowing for a lead time over which to develop market

Potential disadvantages to the brine pond option are:

¢ Land requirements
e Considerable capital costs for full scale development
e Risk associated with failure to contain contents

The rated of evaporation is maximised by increasing surface area and subsequently an
increasing area of disturbance. Brine pond dimension and staging are to consider both
current and future demand and a balance between evaporation rate and land disturbance.
The base case option to manage disposal of the salts resulting from the evaporation process,
is the transfer of the solid salts to one or more third party licensed waste disposal
contractors. Details on the solidification and removal of salts from the ponds are provided in
section 6.4. Similarly, a third party- possibly the same party, would be responsible for the
removal from site, transport to a suitable regulated waste facility and ongoing management
of the disposal of waste salts at that facility. This option was developed as part of a study
which considered the economic and environmental sustainability of a range of disposal
solutions (Worley Parsons 2010b)

It is likely that a new waste facility will be required to be developed in the vicinity of the CSG
fields servicing several WTF's and potentially several CSG projects in the area. Origin
Energy has been in contact with several established waste management companies to
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discuss future requirements and will progress this discussion to ensure that the appropriate
facilities will be available. At least two potential locations have been discussed, though
detailed siting studies would be required to confirm the suitability of the locations. Further
detail on solid salt disposal is provided in section 7.
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5. Construction
5.1 Statutory regulations

5.1.1 General Statutory regulations

Brine ponds shall comply with the requirements of the Acts, Regulations, Rules, By-Laws
and other requirements of the Australian and Queensland Governments, Local Governments
and other Statutory Authorities. In particular, design for facilities shall meet the requirements
of the Petroleum and Gas (Production and Safety) Act (2004) (PAG Act).

5.1.2 Requirements for hazardous dams

If a dam, pond or other water storage, operated under an environmental authority granted
under the Environmental Protection Act 1994, contains hazardous waste, it will be nominated
as a “referrable dam”, and will be governed by the provisions of that environmental authority.
DERM guideline — Regulated dams in environmental activities, provides guidance on the
requirements for approval of individual dams to be included in the environmental authourity.
The related document Manual for Assessing Hazard Categories and Hydraulic Performance
of Dams (currently in draft form — August 2010) gives detailed technical requirements for the
design, certification and operation of regulated dams.

5.1.3 Hazard classification of ponds

The Manual for Assessing Hazard Categories and Hydraulic Performance of Dams outlines if
the dam is considered to contain hazardous waste. It also provides guidelines for
establishing whether a hazardous dam is classified as a significant or high hazard dam.

Under the manual, the contents of the ponds, base on quantity and salinity, all brine ponds
will be at least significant. Upon application of a dam break analysis and a failure to contain
analysis as prescribed by the manual to consider potential hazards associated with the brine
ponds, the hazard category determined is high. The impact on downstream environmental
values in the unlikely event of spillway release from a brine pond could be serious harm in
many cases.

5.1.4 Pond design storage allowance requirements

The “Manual for Assessing Hazard Categories and Hydraulic Performance of Dams” requires
that all regulated dams containing contaminants that could cause material or serious
environmental harm must have a storage volume kept available in the pond to contain all
inputs to the pond from foreseeable rainfall events in order to contain the contaminants and
avoid such harm. That volume is the Design Storage Allowance (DSA) and must be
available as at the first of November each year (start of the wet season).

In determining the DSA the ‘method of deciles’ was used in accordance with the draft
“Manual for Assessing Hazard Categories and Hydraulic Performance of Dams”. As per the
manual, net process flows were included for the duration of the wet period. For feed ponds
the net process flows was assumed to be zero, as increments in capacity of the WTF will be
scheduled to come online to always meet gathering system inflows. Process flows for brine
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and effluent ponds were consistent with predicted inflow rates and chemical discharges,
respectively.
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The pond Mandatory Reporting Level (MRL) shall be calculated as per the “Manual for
Assessing Hazard Categories and Hydraulic Performance of Dams”. This is a level
delineated in the ponds at which the design storage allowance has been substantially filled
and will trigger immediate notification of the administering authority (DERM).

The MRL is calculated as the level at which either a 72 hour duration storm or a wind
generated wave of 1 in 100 average recurrence interval could bring water levels to spillway
level.

Detailed spillway calculations as per the “Manual for Assessing Hazard Categories and
Hydraulic Performance of Dams” are to be determined during the detailed design stage. As
high hazard dams, the spillways must be capable of safely discharging the flow from a
design storm event with an annual exceedance probability of 1:50,000 years.

5.2 General design criteria
5.2.1 Design life of ponds

Design life for the brine, effluent and feed ponds are specified to be 20 years for design
purposes, however the period for which ponds are required shall be determined on the
progress of brine crystallisation and the actual water profile provided. Annual inspections will
determine the asset condition of the ponds across their lifespan.

5.2.2 Siting of proposed brine ponds

Preliminary locations for the proposed future brine ponds have been identified, however
further detailed assessment needs to occur to ensure that ponds are located in the most
suitable location with minimal impacts. Consideration must be given to a range of factors
when siting the ponds such as:

Existing vegetation: ponds must be sited such that minimal removal of remnant ecosystem
occurs. Consideration must also be given to the risk of damage to sensitive ecosystems
where failure of the bund walls or liner systems would result in damage to those ecosystems.

Visual amenity: ponds are to be located further than 400 m (for a low visual effect) from
sensitive receptors such as houses and locations on tourist highways.

Land use: Minimise the loss of good quality agricultural land.

Ground water protection: where possible ponds are to be located away from areas where
existing soils are pervious and could provide connection into local groundwater bodies.

Topography: Pond designs are to minimise required earthworks. Each site is to achieve, if
possible, an earthworks cut and fill balance.

Flooding: Avoid placement of major infrastructure in existing flood extents and project
infrastructure over tributaries and flow paths where practicable. Ponds will be located above
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the 100 year flood level and toe of pond batters to be a minimum 1m above the 1 in 100 AEP
flood.

Site boundaries : consideration of downstream impacts on adjoining properties may
determine that ponds be located with a significant buffer from downslope property
boundaries.

Safety: Manage potential impacts of bund failure by appropriate location selection to
minimise the potential for impact on residences and plant.

Proximity: Feed, effluent and brine transfer ponds / tanks (where required) are to be
located where practicably possible adjacent to the corresponding WTF.

Groundwater: Groundwater level should be a minimum 1m beneath pond base.
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5.2.3 Site conditions

Site specific climate conditions are provided below:

Reedy Creek
(Silo Data Drill)
Air Temperature Extreme maximum 44.5°C
Extreme Minimum -5.0°C
Solar Radiation Maximum daily solar exposure 33 MJ/m?
Minimum Daily Solar Exposure 4 MJ/m?
Mean Daily solar exposure 19.6 MJ/m?
Precipitation Mean in 24 hours 1.6 mm
Extreme in 24 hours 174 mm
Evaporation Mean 6.9 mm/day
Maximum 19.4 mm/day
Minimum 0.2 mm/day

Reedy Creek is located approximately 68 km east of Roma in the Surat Basin Queensland.
The closest available Bureau of Meteorology (BoM) weather station is located at Roma
Airport (replacing Roma PO) (Gauge number 043091).

DERM'’s Silo Data Drill was utilised to provide more specific site climate data, i.e. for pond
sizing.

5.3 Sizing of ponds
5.3.1 Brine pond geometry
The following assumed geometric values are considered in preliminary design:

¢ Internal and external batter slopes 4:1 (Horizontal: Vertical)
e Operational depth of pond to top operating water level (TOWL) of 3.7 m
¢ Minimum height from spillway invert level to top of bund is 0.5 m

e Width of bund crests are to be 6 m, to allow single lane vehicle access track with
provision for future bunding if required

e The pond external embankments are to be topsoiled and grassed, if materials are
dispersive a layer of select stabilised fill may be required

e Ponds shall be no greater than 25ha base area to reduce impacts of bund failure
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5.3.2 Pondage requirements
A numerical model has been used to size all brine ponds by considering

e Saline effluent flows from the WTF

e Weather inputs to the system based on historical records

e Concentration of salts as evaporation and ongoing inflow occurs

e Expected evaporation rates from the pond as a response to these variables

This dynamic system is modelled on a daily time step to ensure that requirements for storage
are met within a mandated probability which considers extreme wet weather events which
could occur at a given frequency when considering historical weather observations.

The modelling process assumed ponds to be built in an incremental 20 ha pond size as
mentioned above, as required in response to requirements for management of the saline
effluent resulting from the treatment of forecast CSG water flows.

Weather data is sourced from the Silo enhanced meteorologic dataset to accurately
represent the likely climate for the actual location of the proposed ponds. Evaporation from
the dam is a function of not only the climatic conditions that occur on a given day in the
modelled period but also the salinity of the stored water at that point in time. Due to the effect
of dissolved ions on the water vapour pressure of a solution, as salinity increases,
evaporation decreases relative to the evaporation expected from pure water.

The model is run to simulate the performance of the pond over a 50 year period with
repetitions being performed to utilise the whole available period of climate data looped from
the last available data to the first where required to provide unique, continuous 50 year
periods.

Pond requirements are optimised through the modelling process by selecting the minimum
number of ponds at the start of each year required to contain the saline effluent without
exceeding the defined top operating water level for that year.

At Reedy Creek an area of 180 Ha of ponds will be constructed in the first 3 years of the
WTF operation (2013 to 2015) with an ultimate 420 ha required by 2020.

A plan showing the preliminary locations for ponds at Reedy Creek is shown at Appendix A.

Table 2.1 below, provides the current schedule of works for brine ponds for the APLNG
Project. These predicted capacities are based on the water profile development 4i.
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Table 2.1 Minimum required pond area Reedy Creek WTF

Year Pond base area (ha)
Existing 0

2010 -

2011 -

2012 -

2013 80

2014 120

2015 180

Peak 420

5.4 Geotechnical design criteria

5.4.1 Geotechnical investigation

The preliminary geotechnical design of the CSG water ponds shall be based on the results of
a preliminary geotechnical ground investigation.

The geotechnical data required for preliminary design will include but not be limited to the
following information across the nominated study area:

e Subsurface profile including the soil / rock interface

e Groundwater levels

e Laboratory testing to determine material classification, strength properties and
permeability properties

5.4.2 Pond embankment type
The following embankment types shall be considered in the design of the CSG water pond:

¢ Homogeneous earth fill; and
e Zoned earth fills.

The selection of the preferred option will be based primarily on the following factors:

e The ability to construct an adequately safe structure
¢ Availability of materials
e Cost
5.4.3 Pond stability
The pond embankments shall be designed to provide an acceptable factor of safety against

instability in accordance with the Australian National Committee on Large Dams (ANCOLD)
guidelines for the following conditions:
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e Steady state seepage at full reservoir level:
e End of construction conditions;

e Rapid drawdown; and

e Maximum Design Earthquake events.

55 Seepage containment system

Saline effluent could potentially be released to land and groundwater in the vicinity of the
ponds via seepage through the floor and walls. This would present a significant
environmental hazard given the potential negative impacts associated with the saline waters
on nearby agricultural activities, groundwater dependent ecosystems and extractors of
downstream groundwater. The current State policy for CSG Water Management states that
all ponds containing both CSG water and saline effluent are required to be “fully lined to a
standard determined by DERM”. A liner of very low permeability is critical to ensure that
seepage from the pond system and hence negative environmental impacts are minimised.

Features of the liner to be specified will include:
e UV protection
e Maximum permeability of liner 10 m/sec (based on the ASTM test method D4716)

e Double wedge weld joints for the main liner joints to reduce leakage through the
joints. Joints are to be pressure tested during installation

To provide additional protection to the liner, a layer of BIDIM A34 geotextile or equivalent to
be placed beneath the liner.

The liner design that will be employed for Australia Pacific LNG brine ponds will vary
between sites depending on key variables such as the existing hydrogeological
characteristics of the strata directly beneath the pond and the availability of suitable clay
materials in the vicinity of the site.

In many cases and given suitable pre-treatment, in situ materials in the footprint of the ponds
will provide part of the barrier preventing any seepage from the pond progressing into
surrounding land and groundwater. In other cases the existing soils may present a risk that
any seepage could be transported from the pond more rapidly and hence the liner design
needs to incorporate a higher level of protection from seepage.

Australia Pacific LNG has recently, October 2010, commissioned a feasibility study for the
selection of brine pond liner systems. The study’s findings, including risk and cost
assessments are due in early 2011, and will provide further clarity in liner system selection.
At present Australia Pacific LNG are proceeding in detail design with as base case design
system that has been indicatively assessed to be compliant with regulatory guidance.

The current base case liner system to be deployed consists of a dual layer with intermediate
drainage. A highly impermeable 2 mm thick high density polyethylene (HDPE)
geomembrane layer forms the uppermost layer and whilst intact will prevent any loss of
stored effluent. As a contingency in case of a leak developing in the primary HDPE liner, a
secondary liner is laid underneath. The secondary liner will consist of a specially formulated
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geosynthetic clay liner (GCL) which is essentially an engineered clay substance matched to
be compatible with the stored effluent, sandwiched between two layers of geotextile.
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In order that any leakage from the primary layer is detected and removed before it can build
up a pressure on the secondary layer, a drainage network is to be incorporated. The
drainage layer is formed by a layer of structured plastic drainage product which is intersected
by a network of graded slotted pipe bedded in coarse sand. This network will collect and
centralise any effluent that enters the drainage system to a pumping sump from where it can
be returned to the pond.

5.6 Windborne salt containment

In the design of the saline effluent management system, consideration has been given to the
minimisation of salinity impacts which could result from windborne particles being carried
beyond the ponds. Pond embankments which are adequately high to cater for design storage
allowance and spillway freeboards are deemed to be adequate to contain any airborne
particles which are generated by the action of wind driven waves on the sides of the ponds.
This will verified by the observation of vegetation health surrounding the ponds and
groundwater quality in the surrounding monitoring bores. No additional agitation of pond
contents is proposed.

5.7 General civil design criteria
5.7.1 Sediment and erosion control

The construction of the proposed ponds associated with the water treatment facilities shall
ensure that erosion control devices and sediment traps shall be installed to minimise the
potential of sediment entering the existing waterway system.

Erosion control measures shall meet EIS commitments and be based on industry best
management practices for construction site soil erosion and sedimentation control. This may
include the implementation of measures as specified in “Soil Erosion and Sediment Control
— Engineering Guidelines for Queensland Construction Sites” Institution of Engineers
Australia (Queensland Division 1996) and Department of Environment and Resource
Management - Erosion Control.

5.8 Safety in design

Brine ponds incorporate a number of safety features which are fundamental to the design.
Bund walls are kept to a minimum height and as a result the stability of the bunds are
maximised and implications should the bund fail are reduced due to the lower height of the
flood wave which could potentially result.

Upper plastic liners on the walls of the ponds are specified to be textured to reduce the risk
of personnel or errant animals slipping into the stored effluent. The ponds are also equipped
with rope ladders extending from the crest into the stored effluent at multiple locations on the
bund to enable emergency egress in the case of accidental pond entry.
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Security fencing will extend around the perimeter of all ponds to exclude members of the
public, stock and wildlife from the ponds. A galvanised hexagonal netting of 600 mm width
(450 mm exposed and 150 mm buried) will be installed at the bottom of the fencing to stop
any burrowing by animals.
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6. Operation

6.1 Operating philosophies

The saline effluent will initially be discharged from WTF’s is distributed to all ponds equally.
This allows the maximisation of surface area and hence evaporation. The maximum volume
of stored brine at each WTF will be reached around 4 to 12 years into the Project depending
on the field being served by the WTF. At the point when flows begin to subside, partially
evaporated saline effluent can then be consolidated in fewer and fewer ponds and emptied
ponds can be flushed and decommissioned.

Concentrated brine will eventually remain in the specially equipped crystallisation pond which
would allow full crystallisation to proceed and windrowing followed by removal of the solids.

6.2 Leak detection

Under the current State policy, ponds containing CSG water or saline effluent must “have a
system to detect any passage of the wetting front or entrained contaminants through either
the floor or sides of the dam”. Additionally, “The system implemented to detect the passage
of the wetting front through either the floor or sides of the dam must consist of more than just
monitoring groundwater aquifers” (DERM June 2010).

Australia Pacific LNG are currently undertaking a study to determine the optimal system for
leak detection. The system for leak detection adopted for Australia Pacific LNG’s recently
constructed brine ponds is a geoelectric detection system which uses a pair of probes, one in
the stored liquid and one in the surrounding soil, to measure the electric resistivity across the
pond liner to detect flaws in the liner which allow the passage of saline effluent. This system
is installed at the construction stage and remains active for the life of the pond such that the
development of a leak would be detected soon after its occurrence.

Another system being implemented relies on a drainage system which is installed
underneath the primary liner of the pond, as detailed in section 5.6. The rate of flow detected
in the drainage system provides an indication of the amount of leakage that is occurring from
the primary liner. Collection and removal of this flow for return to the pond ensures that the
secondary liner will be subjected to minimal water pressures and is unlikely to develop any
substantial leaks.

Details of the remedial action to be enacted following the detection of leaks are provided in
section 10.1.
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Instrumentation for the brine ponds will include but not be limited to the following:
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6.3 Instrumentation

e Level gauges within all ponds to allow assessment of water level across the potential
range and to identify the Mandatory Reporting Level and Spillway Level;

e Downstream groundwater monitoring bores;

e Level gauges and pump runtime meters on the drainage network collection sump to
allow monitoring of volumes of any seepage which passes the primary liner to be
collected by the secondary liner; and

e Standpipe piezometers installed through the pond embankment to detect any
moisture buildup in the embankment.

Monitoring boreholes are installed to assess the impact of the ponds on the local hydro-
geological environment by;

e Confirming potential pathways for any contamination from facilities,
e Collecting baseline information on groundwater levels and groundwater quality,

e Providing facilities for ongoing monitoring of groundwater levels and quality during
operation of the ponds.

Further information on the groundwater monitoring program can be found in section 11.2.
6.4 Solidification

Solar evaporation forms the primary method for brine concentration. The process involves
utilisation of available net evaporation to reduce the volume of water in the containment
ponds. The design area for each containment pond is matched to weather data and water
inflow rates. Other factors are used to adapt the water pan evaporation data for use in brine
evaporation calculations. Evaporation to dryness involves initial concentration of brine in
order for the solution to reach saturation and then crystallising the salts from this saturated
brine solution.

Progressive concentration of brine containing mixed salts results in these different salts
crystallising out of solution over ranges of concentrations. This process is driven by the
relative solubility of each of the salts and interactions between different ions in the solution.
The proposed containment pond design allows for the salts to remain in solution over the
majority of the life of the Project.

The containment ponds are all filled uniformly and therefore operate at similar brine densities
over time. The end of life deposition of precipitated salt will result in even distribution in each
of the containment ponds. As the brine flow reduces through the latter part of the Project life,
the brines will concentrate to the point where crystallisation of salts will commence. The
deposition of crystalline mixed salts will continue for a number of years (4 - 6 years) as input
brine flow ramps down and ceases.
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Towards the final stages of evaporation, the more soluble salts (Magnesium Chloride and
Potassium Chloride) will concentrate in solution. The bitterns should be removed from the
surface of the deposited salt during the crystallisation process by pumping from a sump.

Bitterns are effective and widely used commercially for dust suppression or further harvested
for epsom salts (magnesium sulphate), a soil additive. As the quantity of bitterns is minimal (-
50ML over 4 - 6 years), managing and disposing is easily facilitated.

Salt precipitate will become dry but will generally retain some interstitial saturated brine. The
excavated salt precipitate will be windrowed within the containment pond and allowed to
drain prior to transport to landfill.
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It is assumed that given uncertainty in alternative reuse options, there will be a portion of salt
residue or salt contaminated material which will require disposal.

3

7. Final Salt Disposal

Due to the potential for this waste to produce highly saline solution on contact with water,
and subsequent environmental damage associated with failure to contain that solution, it will
likely be classified as regulated waste and the appropriate controls will need to be put in
place for its transport, transfer and disposal.

There will also be financial implications due to the State Government’s Industry Waste Levy.

In line with the waste management hierarchy which underpins the Environmental Protection
(Waste Management) Policy/Regulation 2000, the volume of material sent for disposal is
minimised through consideration of higher order strategies such as recycling.

7.1 Timeframe for disposal activities

Disposal of salt would commence from the point at which solid salt can be isolated through
evaporation in ponds or enhanced crystallisation processes as discussed in section 8.2.
Under the base case ponds are expected to reach significant solids contents after
approximately 15 years. From this point onwards the solids would be progressively
encapsulated in sealed landfill cells until no further solids are generated and the last of the
brine ponds can be decommissioned.

7.2 Landfill development considerations

It is likely that a new facility will be required to be developed in the vicinity of the CSG fields
servicing several WTF's and potentially several CSG projects in the area.

Origin Energy on behalf of Australia Pacific LNG has been in contact with several established
waste management companies to discuss future requirements and will progress this
discussion to ensure that the appropriate facilities will be available.

Requirements for the landfill which would be required to sustainably contain waste salt will
include as a minimum, complete encapsulation of the stored waste with a structurally suitable
liner material of very low or negligible permeability. This liner material must exclude the
ingress of rainfall, runoff or groundwater into the waste, and the egress of any fluids from the
landfill cell into the environment.

Design of the final geometry of the cell would require a balance between shaping of the
surface to match surrounding topography whilst maintaining adequate drainage from the
surface so as to limit the potential for water to penetrate the top surface of the landfill. The
bulk of the material would be stored below original ground levels and the height of the cell
will be kept to a minimum. Consideration should be given to the potential for settlement to
alter the final profile, although given the crystalline nature of the material, it is likely that a
significant degree of compaction could be achieved in the placed material, limiting further
consolidation.
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A comprehensive groundwater monitoring system would need to be implemented at the site
to detect any possible release of material. The Australian Standard AS/NZS 5667.11:1998
provides guidance on the methods to be employed in designing and implementing a
groundwater monitoring program.
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An alternative option under consideration is for one or more dedicated landfill facilities to be
developed within Australia Pacific LNG tenures.

This option would involve a commitment to monitor and maintain the landfill beyond the point
where the solids generated by the Project have been encapsulated. Low level activities
associated with management of the landfill would continue for many years beyond the
decommissioning and rehabilitation of other infrastructure at the site. The site on which the
landfill was located would likely remain as a contaminated site into the foreseeable future.
This, however would be carried out under an additional approval and does not form part of
the base case for the project.

7.3 Landfill location

Evaluation of landfill sites suggest that it is likely that the base case (i.e. encapsulation of all
the mixed salt produced off-site) is a purpose-built landfill. Detailed siting studies would be
required to confirm the suitability of the locations.

As a minimum, siting of any landfill would need to consider:

e Potential for flooding

e Land value of the area under the footprint of the cell from both a biodiversity
and agricultural land perspective

e Proximity to boundaries with other properties

The closest operating regulated waste disposal facility in Ipswich is approximately 300km
from the Australia Pacific LNG CSG operations at Reedy Creek. It is proposed that the
chosen site is owned and operated by athird party service provider. Various
business/operational models are available for managing the waste.

In determining the optimum location for the landfill facility, a study will be undertaken
assessing material handling issues including slurry/brine pipelines, trucking routes, and the
placement of wastewater treatment facilities. Optimising the locations of the proposed
facilities is will be progressed further during detailed design of the brine ponds. As previously
mentioned, Origin Energy, on behalf of Australia Pacific LNG have been in contact with
several established waste management companies to discuss future requirements and have
identified two potential locations.

7.4 Transport to landfill

Given the salt production as estimated in section 3.4, the number of truck movements
required to transport salt from the Reedy Creek site would be around two B Doubles per day
every day during the decommissioning period.
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Transport of the salt waste would be undertaken using licenced waste transport contractors
over the public road network and sealed all weather access roads within the sites.

Risks associated with this transport operation will addressed in as road safety analysis to be
developed as part of the waste salt management plan.
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8. Brine Pond Decommissioning

There will be significant quantities of crystalline salt requiring disposal over the life of the
Project. The final disposal option for these excess solids is encapsulation in a specially
designed landfill facility. There could potentially be earthen and other liner materials which
have been contaminated by salt and are unsuitable for recycling that will need to be disposed
of as well.

Once taken offline, the brine ponds which are no longer required must be decommissioned in
a manner which eliminates any ongoing environmental hazard, returning the land for future
land uses and the scenic amenity to the area.

8.1 Rehabilitation

Once salt is removed brine ponds will need rehabilitation, as they are no longer necessary to
remove any source of potential contaminants and return the land to a useable form. The
objective for the rehabilitation process will be to return the area to a useable, stable land form
from which does not contain contamination. The process for decommissioning of ponds will
involve the following major components.

Remove synthetic liners:
Options for recycling of the liner materials such as a feed stock for a pyrolytic process for the
production of liquid fuels are being identified.

Assess any land contamination which may have occurred:

In the case were some leakage of the liner system has occurred a full contaminated land
assessment will be undertaken as per the National Environment Protection (Site
Assessment) Measure 1999

Remediate soils:

Removal or insitu treatment of contaminated soils will be undertaken were required through
the site assessment.

Retain clay materials:

Where clay has been used as part of the containment system, this would be stockpiled for
reuse where appropriate or shaped and capped for revegetation.

Rehabilitate site:

The bunds would be removed and depressions filled to return landforms to match
surrounding topography. Retained or imported topsoil will be placed to a minimum depth of
0.25 m and a revegetation program instigated.

Ongoing monitoring:

Groundwater monitoring at the brine pond sites will continue at an annual frequency for 5
years to ensure any undetected releases are not still moving through the groundwater.
Frequency and duration of groundwater monitoring may be greater as determined by the
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site assessment. Annual assessment of revegetated areas will be carried out for 5 years to
ensure establishment of replanting and that pest plants are not becoming established.

8.2 Timeframe for decommissioning of brine ponds

Brine pond decommissioning should proceed as soon as possible as the water production
subsides and disused ponds come off line. Any residual environmental risk associated with
the ponds is therefore minimised and the decommissioning and rehabilitation works can
proceed in a staged fashion.

Modelling indicates that by 2024 the first ponds will become available for decommissioning at
Reedy Creek.
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9. Continuous Improvement

Given adequate time for research and development, other options for the management of
saline effluent may be determined to be feasible. These are being developed in parallel and
are referred to as optimisation options. Where these options can demonstrate gains over the
base case, they will be trialled and potentially implemented across the Project.

9.1 Brine concentration

More active methods of concentration and crystallisation which could either be used in place
of or together with brine ponds are being investigated. Most of these methods require an
input of thermal or electrical energy and there is an inherent cost and greenhouse gas
implication for the Project. Active concentration presents opportunities to significantly reduce
surface impacts through the construction of ponds. Controlled crystallisation processes
would also allow the separation of the various salt species in solution in the effluent to allow
value adding and or sale of the salt.

A number of processes for the concentration and crystallisation of the saline effluent are
under investigation.

9.1.1 Selective salts recovery

Under this process the more valuable carbonate and bicarbonate salts will be recovered from
the mixture of salts in the effluent stream. Through this process, the concentration of salts in
the effluent stream is increased in a temperature controlled concentration process to cause
particular salt species (Carbonates and Bicarbonates) to precipitate whilst leaving others in
solution. The resultant chloride rich brine can then either be disposed or further crystallised
to create additional selective products.

Benefits to Selective Salts Recovery are:

e Value added process which capitalises on marketable compounds existing in the
effluent

e Accounts for the volume of saline effluent produced without large areas required for
brine ponds

Potential disadvantages to selective salts recovery with liquid discharge are:

e The cost and complexity of the process
e The need to dispose the final effluent from this process

9.1.2 Selective salts recovery with zero liquid discharge

This process relies on complete crystallisation of all dissolved salts in the effluent. The water
component is completely evaporated in the concentrator and evaporator process units. Some
salt disposal to landfill may be required under this option.

Benefits Selective Salts Recovery with Zero Liquid Discharge are:
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e The elimination of the liquid waste stream removes the requirement for either ponds
or a lengthy pipelines and the impacts and cost associated with these

3

¢ Reuse of the majority of the salts available
Potential disadvantages to Selective Salts Recovery with Zero Liquid Discharge are:

¢ High cost and complexity associated with concentration / crystalliser
e Some disposal to landfill required

9.2 Commercial sale

A number of salts contained in CSG water have some commercial value. Due to the ready
availability of sodium chloride from seawater sources, this will not be targeted for recovery;
however carbonate and bicarbonate salts of sodium are more valuable. These salts are
present in a crystalline product known as trona which can be extracted separately.

Investigations are ongoing into the feasibility of this process and the marketability of the
resultant trona.

In addition to the extraction of dissolved salts from the saline effluent, some options for value
adding to processes using saline byproducts as a feedstock have been investigated. One
option considered is to use saline solutions in a chloralkalai process that produce products
such as caustic, hydrogen and chlorine products. It is unlikely that all of the salts would be
consumed in such a process due to the limited markets for such products but it may be
combined with the extraction of trona to reduce the overall quantity of salt for disposal.

Benefits of commercial salts sale are:

e The elimination of all or part of the solid waste stream
e Potential for further value adding project opportunities

Potential disadvantages to commercial salts sales are:

e Potential for uncertainty of market conditions for salt products

9.3 Reinjection

An optimisation option for saline effluent management is injection to geological storages that
provide appropriate containment characteristics, and that have suitably low potential for
adverse impacts on environmental or beneficial use values. This option involves identification
of appropriate storages to accept saline effluent quality injectates. Regional hydrogeological
targeting investigations have been undertaken, with the most prospective target to date being
depleted CSG coals. Investigations into both the feasibility of reinjection to coal and the
development of alternative targets are ongoing.

Benefits to the reinjection option are:

¢ Long term stability — limited ongoing management post disposal

commercial-in-confidence Q-4200-15-MP-0003

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 » www.aplng.com.au 36



Saline Effluent Management Plan /‘} P

W& AUSTRALIA
PACIFIC
LNG

¢ Returns salts to a similar place from where they came
e Surface level disturbance minimal
e Comparably low energy

Potential disadvantages to the reinjection option are:

e Availability of suitable formations
¢ Need to establish the level of connectivity of target formation
o Unlikely to satisfy all disposal requirements

9.4 Ocean disposal

Investigations are being undertaken to the disposal of brine to the ocean via a dedicated
pipeline to Port Curtis at Gladstone. Based on an initial environmental risk assessment, this
could be could be carried out over the Project period with minimal environmental impacts.
This assertion would need to be tested through extensive dispersion modelling and
ecological assessments for the receiving environment. As discussed in section 3.2, the saline
effluent will consist mainly of sodium chloride and carbonates with lower quantities of a
number of other inorganic constituents. However, given the recent experience with the
development of seawater desalination plants, it is likely that community concerns regarding
an ocean discharge would be strong.

The main pipeline would be approximately 450km long with spur lines running to several
WTF's and it would require significant elevation changes over the route. Some technical
issues would need to be resolved regarding the pipeline but initial estimates suggest a
feasible design and construction approach.

Access to a land corridor for the pipeline would need to be assured. There are some
potential benefits to aligning the pipeline with the gas pipeline for much of its length though a
comprehensive corridor selection study would still be required and new easements secured.

This proposal could be incorporated with salt recovery options where saline effluent is
extracted downstream on the pipeline closer to industrial salt customers and downstream
processors.

Benefits of the ocean release pipeline option are:

e Removes salts from a location where they can potentially contaminate land and
ground water systems

e Carbonate and bicarbonate content considered potentially beneficial for marine
ecosystems

e Opportunities for collaboration with other CSG proponents

Potential disadvantages to the ocean release pipeline option are:

o Potential for durability issues with pipeline material
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e Lead time for securing pipeline corridor and construction
¢ Community environmental concerns with ocean discharge

9.5 Solar ponds

The concept of solar ponds has recently been developed to use a significant temperature
gradient forms in highly saline ponds when exposed to adequate solar warming. The
temperature differential is used to drive a rankin cycle in which a heated fluid is used drive a
turbine as it vaporises and is subsequently condensed back to a liquid.

This would provide a beneficial use for this waste stream providing a carbon neutral energy
source from ponds

Specific areas requiring investigation are the management of ponds to maximise and
maintain the thermal gradient which provides the driving force for the generation process.
Variables of pond depth and salinity are thought to be significant factors. The temperatures
that could be observed in this controlled system could lead to additional design
considerations for the protection of liner systems under high temperature.

Australia Pacific LNG are investigating likely partners, to implement trials of the technology
and its broader roll out is not expected to occur within the first 5 years of the Project.

9.6 Algae production

Algae production is being assessed as a potential beneficial use of brine ponds, whereby an
algae production process is incorporated in to some the ponds for the purpose of biodiesel
production. Synergies with the proposed evaporation ponds exist in that salinity stressing of
algae can lead to higher oil yields. Harvested algae could be used to extract an oil product to
replace petroleum hydrocarbon as a feedstock in a number of processes and the remaining
biomass is potentially useable as animal feed.

There would likely need to be significant additional infrastructure required to harvest and
process the algae and some process proposals include a transparent containment structure
in which the algae is exposed to maximum light.
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The following risk matrix sets out key risks associated with the base case for management of
saline effluent associated with the Australia Pacific LNG Project. Risks have been identified
and assessed through the development of the EIS, ongoing engineering and environmental
assessments of existing ponds, and a number of consultations and workshops between
project staff and DERM officers. Management options for each of the key risks are outlined
briefly and are discussed in more detail in section 11. Alternative optimisation management
options are considered as an opportunity under this assessment but the detailed risks
associated with those options are not considered. Separate risk assessments will be
undertaken as other management options are implemented.

Table 10.1 - Saline effluent management risk matrix

Potential Possible causes | Possible consequences Proposed controls
hazard
Pond Unprecedented Operational capacity reduced Ponds to be designed and constructed
overtopping wet periods due to insufficient storage with adequate “design storage
available allowance”
Major liner Construction Contamination of nearby Commissioning stage integrity check.
failure incident, groundwater bodies Online leak detection system through
response to operation stage.
operating
conditions
Bund structural | Piping due to Downstream property damage | Diligence in design and construction
failure minor leak, supervision,
downslope contamination of surface regular thorough maintenance and
erosion / waters and groundwaters monitoring inspection

disturbance

Overflow due to

Pumped flows not

Land contamination around

High level alarms / pump cut out

excessive properly the pond
process flows distributed
Drowning of Slippage on Death by drowning Procedural requirement for min 2 staff in
Personnel embankment pond area
Maintain rescue equipment close to
ponds
Maintain rope ladders
Restrict personnel
Drowning of Fauna accessing | Loss of livestock to Maintain fencing
Fauna pond area neighbours,
undue impacts to wildlife
populations
Secondary Windborne Salinity buildup in the area Minimise agitation of pond surface
salinity effluent carried with subsequent habitat Maintain required freeboard

beyond the bund

impacts

requirements

Uncontrolled
release of
leachate from
landfill cell

Influx of surface
water and liner
failure

Contamination of nearby
groundwater bodies

Proper cell design which sheds water

Ensure proper landfill management
processes
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11. Management Measures
The major facets of the management strategy are:

e Engineering and operational risk reduction strategies;
¢ Incident management; and
e Monitoring and review.

For each of the operational and decommissioning risk items identified in section 6 as having
moderate to high risk level, management measures from each category are applied.

11.1 Liner failures

The liner system being employed across the Project have been developed specifically for the
purpose through a detailed study to determine the most appropriate system to address
DERM requirements.

The requirements include not only a system to contain the effluent but a provision for “a
system for the collection and proper disposal of any contaminants that move beyond the
bounds of the containment system”. This has lead to the dual layer system with internal
drainage designed to provide additional protection in the event that penetration of the primary
layer occurs.

Spare capacity will be maintained in the ponds such that at a contents of a pond can be
immediately drawn down and the pond can be taken off line within 3 months of leakage being
detected. Given adequate preparation of the material below the liner system the 6 month
response time is considered reasonable to enable remediation of seepage before the
seepage spreads extensively beyond this adjacent material.

Leaks would be precisely located in the liner once the bulk of the stored saline effluent is
transferred out of the offending pond. A targeted geoelectric probing system which involves
either a charged stream of water from a hand held device or a hand held probe held in a
shallow cover of liquid over the liner will be deployed to detect the exact location of the leak.
This will then allow repair of the liner by welding in place a new section of HDPE membrane.

The network of groundwater monitoring bores and peizometers to be installed at each pond
will be monitored in accordance with the ground water monitoring program to ensure that any
seepage from the liner system can be detected. Results from the program will be regularly
reviewed to identify any long term trends in water quality or levels which may indicate that
seepage is occurring.

11.2 Bund structural Failure

Design and construction of the ponds will be certified in all cases by a suitably qualified
engineer as required under the environmental authority conditions for each site. The design
parameters consider both operational and environmental conditions that have a reasonable
probability of occurring including, rainfall (medium term and short term events), earthquake
and reasonable variations in material qualities from specification.
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WTF operations staff shall be trained in the requirements to maintain levels within the
defined operating ranges to allow storage for the specified rainfall level.

A Brine Pond Operations, Monitoring and Maintenance Plan will be developed for each site.
This plan will give operators a clear guide as to how to assess signs of degradation in the
condition of the pond walls and any conditions which could lead to failure. A set of survey
monuments will be installed in the crest of the pond walls. These monuments are surveyed
annually to detect a level of movement which could indicate potential for wall failure.
Additionally an annual inspection will be carried out by a suitably qualified engineer, who will
assess the integrity of the structures. A report of this inspection will be made available to
DERM as required.

11.3  Dryland salinity

A potential adverse impact from the operation of brine ponds would be secondary salinity
resulting from airborne particles of saline effluent being carried beyond the boundary of the
ponds.

As mentioned in section 5.6, the likelihood of windborne salt being carried beyond the
containment system has been minimised through the pond design. No forced agitation of the
ponds surface is proposed. Any wind generated waves which are generated within the ponds
are designed to be contained in all design wind events and for maximum water levels.
Regular monitoring of surrounding vegetation undertaken as part of the monitoring for
seepage and embankment condition, will identify any preliminary signs of salinity effects .

11.4  Drowning of personnel / fauna

As discussed in section 5.8, safety in design principles have been employed to ensure that
the risk of drowning for personnel or fauna will be minimised by fencing, liner surface
texturing and the provision of rope ladders to assist egress from the ponds. In addition
rescue equipment including lifebuoys are to be kept on site at all ponds, and PPE
requirements for anyone needing to access the dam by watercraft will include life jackets.

commercial-in-confidence Q-4200-15-MP-0003

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 » www.aplng.com.au 41



Saline Effluent Management Plan

& AUSTRALIA
PACIFIC
LNG

12.  Monitoring and Reporting

An extensive monitoring program will be implemented to ensure ongoing integrity of pond
structure and provide early detection of any potential loss of containment from the ponds.
The operation of any regulated dam under an Environmental Authority requires an annual
inspection and report by a suitably qualified Registered Professional Engineer. In addition to
this requirement more frequent sampling and inspections will occur in line with groundwater
and surface monitoring requirements and operational requirements.

In addition to regular reporting of monitoring outcomes through annual returns for the
Environmental Authority, a range of incidents will trigger additional reporting to DERM. Such
incidents and the specific reporting requirements are to be documented in the Operations
and Monitoring Manual (refer section 12.7) and include:

¢ Pond seepage detected;

e Structural degradation of bund observed;

e Water level reaches Mandatory Reporting Level; and
e Overtopping of spillway is imminent.

12.1 Regulated dam register

A register of regulated dams is included in the Environmental Authority for each field across
the Project. As each new brine pond is developed, details including documentation for the
design and certification of its construction are submitted to the administering authority in line
with the requirements of the Environmental Authorities.

For reference, the regulated dams which are proposed across the Project for the initial 5 year
stage are included in Table 12.1 below. A preliminary site layout showing proposed locations
of the ponds can be found at Appendix 1.
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Site Name Base | Max Max Use of Pond Construction
area | Vol depth date
(ha) | (ML) | (m)
Reedy Creek | Proposed pond 1 7.1 272 5.75 Storage of saline /| 2012
backwash effluent
Reedy Creek | Proposed pond 2 16.1 | 616 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 3 12.1 | 463 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 4 3.9 149 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 5 10.8 | 413 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 6 15.8 | 604 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 7 19.7 | 754 5.75 Storage of saline effluent | 2012
Reedy Creek | Proposed pond 8 20.3 | 776 5.75 Storage of saline effluent | 2013
Reedy Creek | Proposed pond 9 17.5 | 669 5.75 Storage of saline effluent | 2013
Reedy Creek | Proposed pond la 6.8 260 5.75 Storage of saline /| 2014
backwash effluent
Reedy Creek | Proposed pond 10 2.8 107 5.75 Storage of saline effluent | 2014
Reedy Creek | Proposed pond 11 144 | 551 5.75 Storage of saline effluent | 2014
Reedy Creek | Proposed pond 12 4.8 184 5.75 Storage of saline effluent | 2014
Reedy Creek | Proposed pond 13 17.8 | 681 6.75 Storage of saline effluent | 2014
Reedy Creek | Proposed pond 14 10.1 | 386 7.75 Storage of saline effluent | 2014
12.2  Liner integrity monitoring

Depending on the outcomes of a detailed study to investigate the suitability of electrical leak
detection systems for the Reedy Creek WTF brine ponds, a permanent system would be
installed to provide data to assist in the detection of any failure in the integrity of the liners
system.

The electrical leak detection system consists of a DC voltage applied across between the
water in the pond and the surrounding soil. The magnitude of any current which is detected is
indicative of the potential size of any flaws in the liner system.

Readings from the system would be continuously datalogged. Review of this data set would
need to occur on a regular basis to observe any trends which may indicate seepage could be
occurring.

12.3  Annual regulated dam inspection

As per standard requirements for regulated dams, annual inspections are to be carried out
for each pond. These inspections to be carried out by a suitably qualified Registered

Professional Engineer, will observe any signs of degradation of the structures and must also
incorporate a survey to detect any movement.

A report will be compiled at the completion of each inspection for submission to DERM.
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12.4  Groundwater monitoring

Groundwater monitoring requirements which are required specifically for the brine ponds,
must align with the Combabula ground water and surface water monitoring requirements
which will at a minimum, document the method of compliance with environmental authority
monitoring requirements.

Groundwater sampling and subsequent interpretation and reporting of monitoring results will
be carried out by a suitably trained environmental hydrogeology specialist using techniques
complying to AS/NZS 5667 11 1998 (Water Sampling Guidelines — Part 11 Guidance on
sampling groundwaters). Long term analysis of available monitoring data will be an
important component of monitoring reports as will be continuous improvement
recommendations for the monitoring program where potential enhancements responding to
emerging issues as required.

Analysis of groundwater samples should include salinity, pH and any particular species of
concern which are known to be present in elevated levels in the saline effluent. This may
include boron or fluoride where relevant.

Reporting on the groundwater monitoring results shall be included with each annual return
for the environmental authority. Where any statistically significant excursion from background
conditions is observed in the groundwater monitoring results, a special incident report must
be undertaken which considers all available information which could indicated the excursion
in the groundwater quality is a result of unauthorised release of the contents of any brine
pond. Where unauthorised release can be substantiated, a response plan must be enacted.

Table 12.2: Monitoring requirements

Activity Frequency Reporting /data collection Personnel

Monitoring requirements

Ground water bores and | Quarterly Report to be included with annual return | Environmental

Piezometers plus incident report on significant hydrogeology specialists
excursions from background level

Pond salinity Weekly Values to be logged Operations staff

Survey of bunds Annual Any detectable movement to be reported | Qualified surveyors
immediately

Surface water monitoring | Quarterly As per groundwater requirement Environmental

specialists

Inspection requirements

Engineering Inspection

Annual

Inspection report for submission to
DERM as per guideline

Registered professional
engineer

Check for erosion on
bunds

Monthly or following
significant rainfall

For inclusion in annual inspection report

Operational staff

Surface moisture
detection

Monthly on dry days

For inclusion in annual inspection report

Operational staff

Sump pump test

Half yearly

Report any performance issues for
maintenance

Operational staff
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12.5 Water balance review

In order to verify and calibrate the water balance used for the sizing and planning of brine
pond requirements, data will be collected to feed in to the model. The key data sets used for
the water balance will be:

e Daily pond level

e Site weather station data — rainfall, temperature and evaporation

e Weekly pond salinity

o Daily meter readings of effluent discharge to ponds
12.6  Maintenance requirements
In response to findings from the regular inspection items detailed above and as regular
maintenance activities a series of regular routines will be required of operational staff to
ensure safe and efficient long term operation of the brine ponds and associated

infrastructure. These requirements are detailed in the Operations and Maintenance Manual
and include such procedures as:

¢ Slashing of grass on bund

e Flushing the drainage network

¢ Inlet works maintenance

e Cleaning and testing of instrumentation
12.7 Operations and monitoring manual
A manual designed to assist staff by providing continuous guidance throughout the operation
of the brine ponds at Reedy Creek would be compiled. It would document all monitoring and
inspection requirements for the ponds including the frequency, equipment and personnel,
reporting and administrative requirements for all monitoring and inspection activities. The
manual will also be the go-to location which list up to date confirmation of critical design data
such as the mandatory reporting level and top operating water level of each dam.
Maintenance requirements such as the requirements to control vegetation growth on
bundwalls will be detailed in the manual.
With the manual a response plan is included for a range of incident scenarios including:

o Pond seepage detected

e Structural degradation of bund observed

e Water level reaches Mandatory Reporting Level

e Overtopping of spillway is imminent
Under all the above scenarios, a special report will be issued to DERM within a practical
timeframe subsequent to the event.

A review of the Operations and Monitoring Manual will be carried out annually or at the
commissioning of a new pond at the site or a significant change in the monitoring program.
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13. Cumulative Impacts

Currently 3 other proponents have proposals for major CSG developments across Central
Queensland. In many cases gas fields operated by these other proponents are directly
adjacent to Australia Pacific LNG fields and will be operated simultaneously.

There exists some potential for cumulative impacts due to the large quantities of salt and or
concentrated saline effluent to be generated across the four projects. Such impacts are
discussed here.

13.1 Estimate

Figures for the amount of water produced and the salts contained therein have been source
from the Environmental Impact Statements released for the Gladstone LNG project (GLNG)
and the Queensland Curtis LNG project (QCLNG). No data was available for other proposed
projects at the time of drafting.

Table 13.1 - Estimate of cumulative mass balance

Volume of | Average TDS | Mass of TDS
Project Name CSG water

(ML) (g/L) (T)
APLNG 882,233 | 5.0 4,297,683
QCLNG 1,445,765 3.6 5,204,754
GLNG 375,585 2.0 751,170

Given the available information from these 3 projects in excess of 10 million tonnes of salt
could potentially be brought to the surface through CSG developments in those projects
alone.

13.2 Discussion

The generation of large quantities of salt estimated above have the potential to create
cumulative impacts across the Surat Basin and Bowen Basin regions of Central Queensland.

The failure of multiple projects to isolate the concentrated salts from the environment could
result in salinisation of large areas of shallow groundwater reserves. It is however, unlikely
that such an outcome would result in a truly cumulative impact as the separation between
locations of water treatment activities would suggest that even for large releases of saline
effluent to the environment, the zones of influence are unlikely to overlap.

It is also understood through industry information sharing that other proponents are pursuing
large scale CSG water injection opportunities which are available due to the relative location
of their project sites to suitable geological formations. This will reduce to the potential for the
impacts associated with saline effluent as treatment requirements may be lower and hence
the volume of saline effluent to be managed reduced.
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A cumulative impact could result should a number of projects offer a similar range of salt
products on the market. This will be an economic impact on the viability for any other market
participants and may affect the viability of these reuse options by flooding the market and
resulting in inability to move product.
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14. Review of the Saline Effluent Management Plan

Continuous development of this management plan will be undertaken to ensure the most up
to date approach to saline effluent management is in place at any given time. The Saline
Effluent Management Plan shall be updated after two years of operation or at the
implementation of a major new strategy component, whichever occurs soonest.

Subsequent updates of this plan will provide information on the progress of trials and rollout
of new saline effluent technologies. The update will also assess performance against
management criteria.

This Saline Effluent Management Plan forms an important part of the overarching CSG water
management philosophy of continuous improvement that has been adopted for the Australia
Pacific LNG project (section 1.4 CWMP).

The continuous improvement cycle (Figure 14.1 below) involves the following stages; plan,
develop, evaluate, implement and monitor. This program is designed to form part of the
extensive monitoring that will be undertaken relative to CSG water management activities in
the Combabula development area.

As part of the review of this plan, performance against the management criteria will be
assessed. Stakeholder input to the management plan will be incorporated where any
relevant feedback is received from neighbours, members of the public or any other
stakeholders.

Changes to the Saline Effluent Management Plan will be implemented following approval of
the changes by the administering authority.

S Continuous

‘{ Improvement

1o r20

d

Figure 14.1- Continuous improvement cycle
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Combabula CSG Water Management Plan
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Crisis and Emergency Management Directive

1.  Purpose and application

This Directive defines the Origin requirements to effectively respond to crisis and
emergency situations in a way that minimises adverse impacts on:

¢ the health and safety of people;

the environment;

plant;

property; and

other harm to any aspect of our business.

This Directive applies to all operating sites and activities where we are considered the
operating company having prevailing influence.

2. Responsibilities
To efficiently and effectively implement this Directive we require commitment from all
our people, at every level.
Everyone must:

e meet the requirements explained in this Directive and participate in any
necessary training; and

o familiarise themselves with relevant site emergency response and evacuation
requirements.

Supervisors and Managers must:

e ensure that everyone they supervise is made aware of, and understands, the
requirements of this Directive and that they are adequately trained and
competent to carry out their assigned tasks; and

e observe the activities they control and regularly check that they conform to this
Directive.

General Managers must:

e demonstrate commitment to emergency and crisis preparedness by
understanding and implementing this Directive;

e establish and implement a group emergency management plan for the business
unit;

e reinforce their people’s expectations about being prepared for emergencies and
crises to ensure they conform with this Directive; and

e communicate our expectations of business continuity and disaster recovery plan
requirements, development and implementation.

The Chief Risk Officer must:
e establish and implement our emergency response framework;

e implement an audit process to review, update and test emergency response,
crisis management, business continuity and disaster recovery; and

e provide training to ensure our people are able to follow the crisis and emergency
management Directive.

The Emergency Team Leader must:

o follow the responsibilities as defined in the site emergency response and group
emergency management plan templates
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3. Requirements

3.1 General

In any crisis or emergency our priorities are to:

e ensure the safety of all our people, relevant contractors and any public
associated with, or affected by our operations and our activities;

e secure the site and minimise any effect on the environment by timely and
effective management;

¢ minimise any effect on property and assets;

¢ contain and manage any effect on our company’s reputation and business
continuity; and

e minimise any disruption to our operations and activities.

3.2 Emergency Escalation Process

We have a three tier structure (Site Emergency, Group Emergency and Crisis) in our
emergency response system, as shown in Figure 1 below.

Escalation to the next tier must occur if the emergency team leader decides it is
appropriate to do so. In any case, if an adverse event invokes either the site emergency
response or group emergency management plan, the next tier leader must be informed,
using the requirements of the First Response Protocol.

After an event is escalated, the lower tier emergency team must continue operating, in
conjunction with the upper tier.

The plans outlined above must be developed and effectively implemented for all our
operating sites and premises, in accordance with this Directive.
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3.2.1

Figure 1: Emergency Response Framework
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3.3

Crisis and Emergency Management Plans

Plans must be maintained in electronic format and controlled hard copies of relevant
plans must be readily available in the designated emergency or crisis control room.

Emergency or crisis plans must be reviewed annually to ensure they cover all possible
emergency scenarios and contain all the information our people need to deal with them.
In addition relevant plans must be reviewed when improvement opportunities have been
identified by post emergency or crisis exercise debriefings.

3.3.1 Site Emergency Response

All operating sites/activities must have a site emergency response plan, for
which the emergency team leader is responsible. The site emergency response
plan provides guidelines for initiating and maintaining effective emergency
responses to likely emergency scenarios.

The plan must include:
e means by which emergency responses are initiated;

o definitions of key roles and their responsibilities in an emergency
response;

e descriptions of facilities and equipment required to coordinate an
emergency response;

e akey contacts directory, which is reviewed and updated every quarter;

e the criteria for escalating an emergency and the means by which the
group emergency management plan is initiated;

e typical emergency scenarios and guidelines for responding to them;
e communication and documentation requirements; and
e evacuation protocols and muster points.

In developing and reviewing a site emergency response plan the relevant site or
activity risk register (details are in the Risk Management Directive) must be used
to validate the scope (emergency scenarios covered) of the Plan. At sites where
Process Hazard Analysis (PHA) (details are in the Asset Integrity Directive) has
been conducted, the validation of scope must also consider the consequence
analysis.

The annual review of the site emergency response plan must also consider the
adequacy of the site’s emergency response capability, including the availability
of emergency equipment and typical emergency scenarios.

Sites classified as a Major Hazard Facility or a Dangerous Goods Location must
incorporate the requirements of the National Standard for the Control of Major
Hazard Facilities, or equivalent local or state legislation, into their site
emergency response plan.

Additional information for developing a site emergency response plan can be
found in the Site Emergency Response Plan template.

3.3.2 Group Emergency Management

Group emergency management addresses wider business unit activities that may
encompass multiple sites or locations, and supports the site emergency response.

It is the responsibility of the General Manager of each business unit to have an
established group emergency management plan, developed using the Group
Emergency Management Plan template

The group emergency management plan template outlines the minimum
mandatory requirements.
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3.3.3

3.3.4

The plan must include:

e adescription of how an emergency response is initiated;

the first response protocol;

e criteria for escalating an emergency and how the crisis management
plan is initiated;

e definitions of key roles and their responsibilities in an emergency
response;

e communication and documentation requirements;

¢ a list of the facilities and equipment required to coordinate the
emergency response; and

e akey contacts directory, which is reviewed and updated every quarter.

If the business unit needs additional resources to effectively respond to and
manage an emergency situation, they may be added to the provided template.
However, business units are not authorised to remove any information in the
current template.

There is more information about developing the group emergency response plan
in the Group Emergency Management Plan template.

Crisis Management

Crisis management is managed by the Chief Risk Officer (or delegate) and focuses
on high level support, advice and coordination of additional resources. Their aim
is to assist emergency response efforts and determine appropriate strategic
responses to protect our reputation and viability.

The crisis management plan must contain:

e a description of an established crisis management team, consisting of key
personnel, representative of the organisation as a whole;

e criteria for escalating an emergency;
e the roles and responsibilities of each crisis management team member;

e reporting processes and requirements for internal and external
stakeholders;

e akey contacts directory, reviewed and updated quarterly;
e communication and documentation requirements;

e a list of facilities and equipment required to coordinate the emergency
response;

e a process to regularly review and test the plan;
e training requirements; and
e details of established rooms and conference calls.

There is more information about developing the Crisis Management Plan in the
Crisis Management Plan document.

Business Continuity

The aim of business continuity planning is to ensure the availability of the
resources needed to support essential business processes.

Business continuity plans are invoked as a consequence of adverse events which
affect critical activities, as a result of:

e loss of people;

e loss of workplace;
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e loss of technology; or
e loss of assets.

All business units must follow the Business Continuity Development Process and
complete a business impact analysis every 12 months (or when there are
significant changes to the business) to identify business critical activities.

Critical activities that are identified must be included within a Business
Continuity Plan and have an associated Recovery Plan developed. The Recovery
Plan must identify key recovery processes, alternative resources and
interdependencies.

The business continuity plan must contain:
e acritical activity list;
e key contacts;
e technology requirements; and
e recovery plans and associated business procedures.

Business units must complete annual business continuity training for all personnel
holding a business continuity role, and test plans annually, at a minimum.

There is more information about developing a business continuity plan in the
Business Continuity Plan - Development Guide.

3.3.5 Disaster Recovery

Disaster recovery is the ability to re-instate systems to their production state
after an adverse event. Disaster recovery needs access to completely separate
infrastructure, including an alternative communications network, server
capacity, disk storage capacity, and tape drives, at an alternative site.

Information Technology (IT) must develop a disaster recovery plan, which
includes:

e processes for the declaration of a disaster;
e plans for activating the recovery and its ongoing co-ordination;

e timeframes for recovering systems, software, data and infrastructure
outlined as dependencies in business continuity plans; and

e plans for initial and ongoing communications to management and other
relevant part of our business.

At a minimum, the plan must be tested annually.

3.4 Crisis/Emergency Control Rooms, Equipment Selection, Maintenance and
Reporting

Each site or area and relevant business function must establish and maintain a crisis or
emergency control room and an alternative location, should the primary room be
affected. Where possible, control rooms should be away from areas which may be
affected by an emergency situation e.g. a fire in the plant.

The emergency control room must have all the equipment and documentation needed to
run an effective emergency or crisis response.

People who work in the crisis or emergency control room during an emergency or crisis
must be competent in the set-up, running and roles and responsibilities of relevant
specified positions of the response plan.

Risk management must be used (see the Risk Management Directive for details) to
determine the type, quantity and location of emergency equipment needed for an
operational site. The site or area risk register should be used to help determine and
validate emergency equipment.
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Emergency equipment must:

e be installed in accordance with manufacturer’s instructions and/or relevant
Australian Standards or equivalent;

e be readily accessible and within a reasonable distance from the source of the
hazard; and

e have appropriate signage and lighting.

Each site must have emergency response equipment identified in a site asset register and
have a scheduled equipment maintenance program to ensure checks are documented and
recorded.

Emergency equipment must be regularly inspected and tested in accordance with the
relevant legislative requirements, standards and manufacturer’s instructions, including
the requirements of AS1851(Maintenance of Fire Protection Systems and Equipment).

Inspections must be done by competent people, following controlled inspections check
sheets.

3.5 Emergency Exercises

Emergency exercises must be conducted to:
e test the effectiveness of crisis or emergency plans;
e validate the competency of key emergency response people;
e assess our capability to respond to an emergency;
e reinforce prior training; and
e identify opportunities for improvement.

Emergency exercises must be designed to systematically include everyone likely to be
involved in an incident, and may be in the form of:

e simulated emergencies;

e practical drills

e desktop exercises;

e resources and equipment checks; or
e other exercises.

An annual exercise must be conducted at sites with the potential for incidents requiring
the initiation of the group emergency response plan or crisis management plan. The
annual exercise should involve people from all relevant functional groups and test
specific aspects of the site’s emergency response plan.

Group emergency plans and crisis management plans must be tested annually. A plan will
be considered to have been tested if an actual emergency occurs and components of the
plan are activated.

3.6 Personnel Location

Sites must maintain a system that enables timely identification of all people who:
e are in the facility; or
e are not accounted for following an emergency evacuation of the facility.
3.7 Layout Drawings
All operational sites must maintain up to date location plans showing the positions of

emergency response and fire fighting equipment. A copy of the plan must be available at
all times.
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3.8

Emergency Power Supply

An emergency power supply must be provided for critical equipment required in the
event of an emergency (e.g. warning sirens, communications, fire pumps, extraction
fans, etc) and to instruments and control systems needed to safely shut down the plant.

Inspection and testing programs for emergency power systems must be incorporated into
site critical function testing programs.

Records
Maintaining appropriate records is an essential part of implementation. The following
records must be retained for five years:

e training records;

e records of emergency exercises; and

o full records of emergency equipment inspections and testing.

Training and Competence
Our people must be trained and competent to fulfil their roles as defined in the relevant
emergency and crisis management plans.

Training must be refreshed annually. People participating in an emergency exercise, in
their defined roles, are considered to have met their refresher training requirement.

To develop and maintain our emergency process competency, minimum training
requirements have been established in a Diagnostic Matrix for each tier of the emergency
response framework.

Training and materials provided fall under three main categories.

Crisis Management, which includes:

e the Origin crisis management plan;
e consistent training provider; and

e one consistent training package.

Group Emergency Management, which includes:

e Group Emergency Management Plan template;
e consistent training provider; and

e one consistent training package.

Site Emergency Response, which includes:

e Site Emergency Response Plan template;
e consistent competency assessment tool; and

e training delivery coordinated and administered within the business unit.
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6. Deviations

Deviations from the requirements of this directive may only be considered when:
e regulatory obligations dictate otherwise;

e implementation of the requirement is not technically feasible due to local
conditions; or

e the cost of implementing the requirements substantially exceeds the benefits.

To deviate from a Directive, you must:

e Specify the implications of implementing the requirement as specified within the
directive.

e Determine the risk of not implementing the requirement of the directive (in
accordance with the Origin Risk Management Directive) and document the impact
and duration of the deviation and identified control measures

e Have the deviation authorised by obtaining documented approval from the Origin
business unit General Manager (or equivalent person with DOA of 3 or higher) and
the Chief Risk Officer.

Authorisation of all deviations, whatever their duration, will be recorded on Origin’s
Deviation Register. The risk associated with the deviation is to be recorded on the
relevant business unit or site risk register.

Refer to ORG-HSE-GDE-001 Deviation Guide and ORG-HSE-FRM-001 Deviation Request
Form.

7. Compliance and Assurance

We require all of our employees to comply with this directive. Compliance with this
directive will be periodically monitored by the Chief Risk Officer or delegate and will be
included in the scope of relevant audits/reviews.

Compliance against the requirements established within this directive must be reviewed
as part of the business unit internal audit schedule, and the HSE management system
audit cycle.

Monitoring and verification of key requirements is to be included in business unit key
performance indicator reporting requirements, and must include, but is not limited to:

e plan development;

e exercise schedule;

e training and testing completion;

e equipment maintenance and testing;

e critical function and control testing of emergency equipment and backup power
supplies; and

e corrective action completion following exercise debriefs.

The crisis and emergency management directive audit tool has been established to assist
the business in reviewing compliance to the requirements established within this
directive.

Any breaches of this directive by employees will be addressed in accordance with
Origin’s Employee Counselling and Disciplinary Policy and its associated procedures.
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8.

Toolkits

The following materials support the implementation of this directive:

Crisis Management Plan

Group Emergency Management Template

Site Emergency Response Template

Business Continuity Plan - Development Guide

Business Continuity Plan - Development Process

Critical Process/Activity Recovery Plan - Template

Business Continuity Plan - Template

Audit Protocol - Crisis and Emergency Management Directive
Diagnostic Matrix

O 00O NONU AN WN =

Directive



Crisis and Emergency Management Directive

9. Definitions

Refer to glossary database on source
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Incident Management Directive

1.  Purpose and Application

This directive applies to all employees of Origin and to all contractors engaged directly or indirectly
by Origin. The directive applies at all times and is not restricted by work hours or any other time or
place considerations.

An incident is any occurrence that has resulted in, or has the potential to result in (as in the case of
a near miss), adverse consequences to one or more of the following:

e people
e the environment
e property
e reputation.
Some hazards or situations that do not meet the definition of an incident can be recorded as

observations. See the ‘View Incident and Observation Definitions’ link in the Origin Collective
Intelligence System (OCIS) for more information.

The directive contains the mandatory response, notification, recording, investigation, corrective
and preventative actions, review, and analysis and reporting requirements for all incidents. Terms
used in this directive are defined in Appendix A and the Origin Glossary.

If you find any conflict between this directive and your local regulatory requirements, ask your
Supervisor for clarification prior to proceeding.

2. Responsibilities

All personnel at Origin sites are responsible for reporting any incident. Employees and contractors
who are involved in or witness an incident must report the incident to their supervisor. If the
involved person is a visitor, the incident must be reported to the visitor’s Origin host.

2.1 Supervisors

Supervisors are responsible for:
e incident management, including:
o ensuring anyone injured receives prompt and appropriate medical attention

o escalating the notification of all incidents as defined in Stage 1 — Response and
notification

o managing individual incidents when assigned.
e investigation, including:
o participating in investigations

o communicating the lessons learned to relevant internal parties.

2.2 Line Managers

Site Managers, Activity Managers and all other responsible and accountable managers are
accountable for implementing and complying with this directive. In particular, they are responsible
for:

e incident management, including:

o ensuring anyone injured receives prompt and appropriate medical attention
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o

escalating the notification of all incidents as defined in Stage 1 — Response and
notification

managing the incident when assigned, in accordance with regulatory requirements
and without compromising safety or further damaging the environment or property

preserving material that may be required by an incident investigation
ensuring that incidents are accurately recorded in the OCIS

obtaining legal advice as to the requirements regarding notification and reporting to
external authorities

creating Incident Alerts for approval

notifying the Workers’ Compensation Manager if the case is compensable or if there
is potential for a claim to be lodged

notifying the Return to Work and Rehabilitation Partner if required (for example, if
the case results in lost or restricted work time or medical treatment)

reviewing all incidents within their areas of responsibility

approval and sign-off (as required) of non-significant incidents.

e investigation, including:

@)

@)

determining the investigation level required, whether full or basic

appointing an appropriate investigator for non-significant incidents in consultation
with the Functional Manager

ensuring investigations of all non-significant incidents are completed within the
required timeframes

ensuring investigation reports — together with supporting evidence, documents and
photographs collected during the course of the investigation — are stored in Origin’s
incident reporting and investigation system and adequately maintained;

ensuring that corrective actions address identified root causes and are fully and
effectively implemented by the action due date

ensuring that the OCIS Risk Register is reviewed and updated in line with
investigation findings

communicating the lessons learned to relevant internal and external parties.

2.3  Functional Managers

Functional Managers are responsible, within their areas of functional responsibility, for:

e incident management, including:

O

O

(@]

providing functional support and advice to Line Managers

reviewing the actual and potential consequences of reported incidents
ensuring the quality and integrity of incident data

maintaining an awareness of the overall incident management performance

advising management and other relevant stakeholders of any issues or trends
detected and progress of related follow-up actions

periodic review and analysis of incident data, including benchmarking with peer
industries.
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e investigation, including:

o

agreeing on the level of incident investigation required, and with legal advice
advice, helping to appoint an investigator or investigation team

participating in investigations as required
reviewing and advising on the quality of Incident Investigation Reports

analysing and reporting incident management performance, trends and lessons
learned, and recommending appropriate action

communicating the lessons learned to relevant internal and external parties.

2.4  Business Unit General Managers

Business Unit General Managers are responsible for:

¢ incident management, including:

(@]

(@]

implementing this directive throughout their Business Unit

escalating the notification of incidents as defined in Stage 1 — Response and
notification

with General Counsel, obtaining timely legal advice as to any actions required

reviewing significant incidents in consultation with the Line Manager assigned
responsibility for the incident, and the relevant Functional Manager

approving and distributing Incident Alerts

approval and sign-off for significant incidents.

e investigation, including:

(@]

determining the investigation level in cases where the incident investigation level is
discretionary (see Figure 1)

for instances where a full incident investigation is required, and which is not
commissioned by Origin’s General Counsel, for:

— appointing an independent investigation team in consultation with the
Functional Managers

— ensuring sufficient resources are allocated to maintain business
continuity while the team members are conducting the investigation

— ensuring investigations are completed within 30 days of the date the
incident was reported, or as per approved extension

— ensuring investigations are conducted in compliance with an approved
methodology

— reviewing and accepting investigation reports ensuring that any direct
and/or underlying cause(s), contributing factors and root cause(s) have
been identified and that actions are designed to prevent a recurrence

— communicating the lessons learned to relevant internal and external
parties.

recommending to the Chief Risk Officer if an extension of time is required in which
to complete the incident investigation

presenting to the Operational Risk Committee the findings of the significant incident
investigation and any lessons learned that have been shared with the wider
organisation.
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2.5 Chief Risk Officer

The Chief Risk Officer is responsible for:
e incident management, including:

o ensuring systems exist to manage the quality and integrity of incident data and
ensure that historical records are retained in a secure and retrievable manner as
required by legislation

o analysing and reporting company-wide incident management performance and
ensuring that records of all incidents are maintained

o providing final determination of details (for example classification or consequence
level) of an incident in the event of a dispute

o regular review and reporting to the Executive Management Team and the Board on
Origin’s overall incident performance.

e investigation, including:

o advising on the appointment of internal or external experts to lead significant
incident investigations

o reviewing significant incident investigations prior to publication

o approving the standard incident investigation methodology and associated training.

For HSE-related incidents, these responsibilities are delegated to the Origin Group Manager, HSE.

2.6 General Counsel

General Counsel is responsible for providing legal advice to the company in relation to the incident.
This includes communicating legal advice to Origin personnel, liaising with regulators and other
third parties, and may involve leading any investigation or being the Origin person who engages
investigations.
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3. Requirements

There are six stages in the incident management process:
e Stage 1 — Response and notification
e Stage 2 - Incident recording
e Stage 3 - Incident investigation
e Stage 4 - Corrective and preventive actions
e Stage 5 - Incident sign-off

e Stage 6 — Review, analysis and reporting

3.1 Stage 1 — Response and Notification

In addition to internal Origin response and notification responsibilities, Line Managers must comply
with legal requirements for notification and reporting to external authorities. The relevant
requirements for reporting to authorities must be documented, accessible, understood and
complied with.

3.1.1 Response
In the event of an incident, immediately:
e provide containment and safeguard life, property and assets
e stop the activity and make the area safe
e provide or initiate medical care as required
e advise your Supervisor or Line Manager
e initiate the Emergency Response Plan as required

e secure the area to ensure the preservation of any material that may be required by an
incident investigation.

Following an incident, work must not be resumed until the Line Manager and relevant authorities (as
required) are satisfied that it is safe to do so.

3.1.2 Incident consequences

Incident consequences (actual and potential) should be determined in accordance with the Origin
Risk Matrix.
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3.1.3 Notification

Notification must be made as shown in the following table, or escalated to the next level if unable
to make contact.

Table 1: Notification

Business Unit BU Executive
General Manager GM

Incident

Individual Line Manager

Severity

Significant Immediate to Immediate to Immediate to BU | Managing
incidents Supervisor or FM, BU GM EGM, CRO, GpMgr | Director
Line Manager HSE, and GC
Serious Immediate to Within 24 hours Within 24 hours
incidents Supervisor or to FM and BU to GpMgr HSE,
Line Manager GM CRO and GC
All other Immediate to
incidents Supervisor or
Line Manager

FM = Functional Manager, BU GM = Business Unit General Manager, BU EGM = Business Unit
Executive General Manager, CRO = Chief Risk Officer, GpMgr HSE = Group Manager HSE,
GC = General Counsel.

3.1.4 Additional notification requirements by type
For significant incidents, Incident Alerts must be created, approved and distributed in accordance
with the Incident Alert Procedure.

In the event of a fatality, the information relating to the identity of the person involved must be
managed in the strictest confidence at all times. Details of the person must not be disclosed in any
written internal or external communication until People and Culture have notified next of kin and
released the person’s name.

Where incidents involve injury or illness to employees or contractors:

e the injury or illness must be classified in accordance with Origin’s injury and illness
classifications in Appendix C

e the Workers’ Compensation Manager must be notified (if the case is compensable or there is
potential for a claim to be lodged)

e the Return to Work and Rehabilitation Partner must be notified if required (for example, if
the case results in lost or restricted work time or requires medical treatment).

3.1.5 Toolkits
Risk Toolkit - Matrix

Incident Alert Procedure
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3.2 Stage 2 - Incident recording

A factual and accurate account of all incidents that occur in an Origin-controlled jurisdiction must
be recorded in the OCIS in accordance with the OCIS User Guide. It is recommended that incidents
that occur in a monitored jurisdiction are also recorded.

3.2.1 Initial information

Initial required information (as described in the OCIS User Guide) must be recorded within one
working day of the incident occurring.

3.2.2 Additional information

The Supervisor or Line Manager must ensure the required additional information about the incident
(the best information available at the time) is recorded within 72 hours. This additional information
should include:

e jurisdiction

e incident type(s) (see Appendix B)

e injury or illness classification (see Appendix C)
e actual and potential consequence(s)

o full details for each identified incident type

e assignment of responsibility for investigation (see HSE-PRC-048 - Incident Investigation
Procedure).

The Responsible Supervisor or Manager (as recorded in the OCIS) must ensure that any subsequent
updates to this information are also recorded in the OCIS.

3.2.3 Fatality recording

In the event of a fatality, information must be recorded within one working day, however personal
details can only be recorded after next of kin have been notified. Contact People and Culture and
General Counsel for assistance on this matter prior to any such notification.

3.2.4 Manual recording

In situations where the OCIS is not readily accessible, the initial incident information may be
recorded manually on an Incident Report Form, however the details must be entered into the OCIS
within one working day of the incident occurring.

3.2.5 Toolkits

HSE-FRM-001 - Pocket Incident and Observation Notification Form (sourced from external supplier
order through Origin’s procurement process).

Incident Report Form

Incident Management Jurisdiction Guide
OSHA Handbook

OCIS User Guide

Incident Management Process Wall Chart
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3.3 Stage 3 - Incident investigation

The purpose of an investigation is to determine the facts about the incident, the root cause(s), and
the corrective actions needed to prevent a recurrence of the incident.

Investigation is mandatory for all incidents occurring in a controlled jurisdiction.

3.3.1 Actual and potential consequences
The level of actual and potential consequences determines the minimum investigation level.

Figure 1 — Determining investigation levels

Incident Actual Potential Minimum Investigation Level
consequence

6 Significant incidents
5 Full Investigation
4 Serious incidents

[ ] Investigation level
3 discretionary for GM
2 Other incidents

Basic Investigation

1

3.3.2 Investigation procedure
The Incident Investigation Procedure provides detail of the:
e mandatory investigation methodology
e accountabilities of and competencies required within the investigation team

e accountabilities for review, approval and distribution of investigation findings.
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3.3.3

Investigation action timeframes

Table 2 - Conduct of investigations

Incident

Line Manager or

Directive

Business Unit

Investigation Investigation : Chief Risk
Functional General .
severity level L] Manager Manager GiifEzs
Significant Full Investigation Within 1 working Review and Independent
- completed within | day of receipt, approve review of
incidents 30 days by review investigation the report.
independent investigation report | report and send
investigator and forward to copy to CRO
appointed in Business Unit within 1 working
consultation with | General Manager day of receipt.
General Counsel. and General
Counsel. Present report
to ORC at next
meeting.
Serious Discretionary Full: Investigation | Review and approve
. completed within | investigation report
incidents Full 30 days by within 2 working
(see above) appropriately days of receipt.
Basic trained
(see below) investigator
Basic: see below
All other Basic Investigation Review and approve
.. completed within | investigation report
incidents 14 days by within 4 working
appropriately days of receipt.
trained

investigator

3.3.4 Toolkit

HSE-PRC-048 - Incident Investigation Procedure

3.4

Stage 4 - Corrective and preventive actions

The responsible supervisor or manager must ensure that corrective and preventive actions relating
to the incident are determined, responsibilities are assigned and accepted, and deadlines for
completion are set.

Details of corrective actions must be recorded in the OCIS and the actions must be tracked to
completion. Actions managed in an external contractor’s system should be summarised in at least
one OCIS action. The details should include:

e aclear description of the task

e the action creator

e the action assignee

e the required completion date

e the person responsible for checking and closing the action.

Once completed, the corrective actions put in place must be signed off within OCIS to confirm that
actions have corrected the causal factors and root causes and are working effectively. Any

requirement for a future review should be noted.
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3.5 Stage 5 - Incident sign-off
Incidents must only be signed off and closed by authorised personnel.

The authorities to sign off and close incident records after investigation details are recorded are as
follows:

e Significant incidents: Business Unit General Manager or above.
e Serious incidents: Line Managers or above.

e Other incidents: Line Managers or above.

The incident record may be signed off (after the investigation has been completed) while related
longer-term actions are still open. The responsibility for completion of these actions by their due
date remains with the manager who signs off the incident.

Significant incidents must be closed only after the incident investigation has been reviewed by the
Chief Risk Officer or delegate.

Some incidents may require ongoing activities (eg. regulatory or third party enquiries, actions or
claims). In these circumstances you must seek legal advice in when undertaking actions to manage
the ongoing response.

3.6 Stage 6 — Review, analysis and reporting
Incidents should be appropriately reviewed, analysed and reported as follows, to enable continuous
improvement and shared learning.

e Line Managers must review weekly all incidents within their area of responsibility.

¢ Information on recordable injuries and significant incidents must be reviewed weekly by the
Executive Management Team and Business Unit General Manager.

e Business Unit Functional Managers must maintain awareness of the overall incident
performance in their area of responsibility and advise management and other relevant
stakeholders of any trends or issues detected, and of the progress of related follow-up
actions.

e The Chief Risk Officer must review and report regularly on Origin’s overall incident and
injury or illness performance to the Executive Management Team and the Board.

o Significant incidents must be reviewed by the relevant executive governance committee
(e.g. HSE incidents must be reviewed by the Operational Risk Committee).

e Functional Managers must review and analyse incident data (including benchmarking with
peer industries) periodically and report trends and appropriate actions taken.

3.7 Records

Incident records should be retained for a minimum of seven years. Records management and
retention requirements may also be specified by relevant legislation in each state and territory.
3.8 Training and competence

All managers must be appropriately trained in the requirements of this Incident Management
Directive.
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All employees and contractors will also receive appropriate incident management training and/or be
made aware of the incident management process. This requirement may be satisfied by an
induction, or more comprehensive training may be required depending on the role.

Incident investigators should refer to the Incident Investigation Procedure for training and
competency requirements for these roles.
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4, Deviation

Deviations from the requirements of this directive may only be considered when:
¢ regulatory obligations dictate otherwise
e implementation of the requirement is not technically feasible due to local conditions

e the cost of implementing the requirements substantially exceeds the benefits.

To deviate from a directive, you must:
e specify the implications of implementing the requirement as specified within the directive

e determine the risk of not implementing the requirement of the directive (in accordance
with the Origin Risk Management Directive) and document the impact and duration of the
deviation and identified control measures

¢ have the deviation authorised by obtaining documented approval from the Origin Business
Unit General Manager (or higher) and the Chief Risk Officer.

Authorisation of all deviations, whatever their duration, will be recorded on Origin’s Deviation
Register. The risk associated with the deviation is to be recorded on the relevant Business Unit
Register or Site Risk Register.

Refer to ORG-HSE-GDE-001 Deviation Guide and ORG-HSE-FRM-001 Deviation Request Form for more
detail.

5. Compliance and assurance

We require that all Origin employees comply with this directive. Compliance with this directive will
be periodically monitored by the Chief Risk Officer or delegate and will be included in the scope of
relevant audits and reviews.

Compliance with the requirements established within this directive must be reviewed as part of the
Business Unit Assurance Plan and internal audit schedule, and the HSE management system audit
cycle.

Monitoring and verification of key requirements is to be included in business unit key performance
indicator reporting requirements.

Any breaches of this directive by employees will be addressed in accordance with Origin’s Employee
Counselling and Disciplinary Policy and its associated procedures.

6. Definitions

Refer to Appendix A — Definitions, Appendix B — Incident Types and Appendix C — Injury and illness
classifications.
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8. Appendices

Appendix A - Definitions

Term Definition

Activity A task, role, pursuit or condition at a site or workplace (including that
which is related to the performance of work, such as using a vehicle
supplied by the employer in the performance of work).

A written statement issued by a qualified medical practitioner describing
the administration or application of treatment or remedies to a patient
Capacity statement for an injury or illness, and relevant medicinal, surgical and or diagnostic
management or therapy applied to the patient. It also includes any
medical certification regarding the patient’s capacity to resume normal
duties or alternate duties following the treatment, for example, a
prescribed medical certificate.

Case An injury or an illness.

Actual incident consequence - Real loss incurred in each consequence
Consequence category.
(incident)

Potential incident consequence — The maximum credible consequence if
controls were to fail.

An individual, company or other legal entity that carries out work or
Contractor performs services pursuant to a contract for service. A person or company
engaged to provide labour or skills as an independent contractor and paid
on invoice. This definition also includes sub-contractors.

Corrective action An action to eliminate the cause and prevent the recurrence of an
incident. The corrective action is commensurate with the severity of the
non-conformance of the incident.

The number of calendar days after the day of the incident (injury or
illness), during which the employee or contractor is either away from
work (in the case of lost time), or the number of calendar days after the
Days lost and day of the injury, on which the employee is unable to perform all of their
restricted duties routine functions, or is temporarily assigned to a different job, in the case
of a restricted work injury or illness.

Time spent travelling to obtain diagnosis or waiting for diagnosis is not
included in work days lost if the diagnosis does not result in restricted
work or lost time.

An individual who works for Origin on a permanent or casual basis under a

Employee contract of employment.

Manager with specialist expertise in a discipline such as Health and Safety

Functional manager or Environment.

A document used to convey information pertaining to an incident
(including details of corrective actions and key lessons learned), which is
directed to employees and contractors who may or may not have been
involved in an incident.

Incident Alert




Incident Management Directive

Incident

Any occurrence that has resulted in, or has the potential to result in (for
example, a near miss), adverse consequences to people, the environment,
property, and/or reputation.

Journey and recess
injuries

Different states have different legislation relating to the definition of
journey incidents, usually referring to all injuries that occur during travel
while not on duty or during a designated recess break. This would
normally include travel between place of abode and the workplace, travel
to a technical school for training associated with employment, and travel
to receive medical treatment for an injury sustained at work.

Jurisdiction

Controlled jurisdiction - Where an incident occurs in Origin’s working
environment, or other locations where Origin can influence and set HSE
standards or has a legal obligation to report the incident to external
Authorities. This includes all Origin owned or operated sites.

Monitored jurisdiction - Where an incident occurs where Origin can
influence but cannot set standards and cannotdirectly supervise or
enforce their application.

Recordable injury

A work-related injury that is classified as a medical treatment injury,
restricted work injury, lost time injury or a fatality.

Risk

The effect of uncertainty on Origin’s objectives

Routine functions

Work activities that are regularly performed at least once per week.

Serious incident

An incident with an actual consequence level 3 or a potential
consequence level of 3 or 4 in accordance with the consequence
categories on the Origin Risk Matrix.

Significant incident

An incident that has actually resulted in or had the potential to cause
significant consequences. For the purpose of reporting, significant
incidents are all incidents with actual consequence levels of 4, 5, or 6 and
incidents with potential consequence levels of 5 or 6, in accordance with
the consequence categories on the Origin Risk Matrix.

Visitor

A person visiting an Origin site who is not an Origin employee or
contractor at the site.

Work-related injury or
iliness

An injury or illness is work related if an event or exposure in the work
environment either caused or contributed to the resulting condition or
significantly aggravated a pre-existing injury or illness. The ‘work
environment’ is defined as the location where one or more employees or
contractors are working or are present as a condition of their employment
with Origin.

Injuries and illnesses that occur while the employee or contractor is
travelling are work related if at the time of the injury or illness the
employee or contractor was engaged in work-related activities. Examples
of these activities include:

e Travelling to and from customer contacts

e Entertaining or being entertained to transact, discuss or promote
business, provided the entertainment is at the direction of the
employer

e Driving a vehicle for work-related purposes.
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Any place (whether or not in a building, installation, moveable structure,
vehicle or vessel, upon land or otherwise) where one or more employees
or contractors are required to be or are working or present as a condition
of their employment.

Workplace
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Appendix B - Incident types

Term Definition

Community complaint

Any expression of dissatisfaction from a stakeholder in relation to an
Origin-operated facility, or Origin personnel or activities.

Environmental

Any occurrence that has resulted in or has the potential to result in
adverse consequences to the environment, including air, water, land,
natural resources, flora, fauna, habitats, ecosystems and/or
biodiversity.

lliness

A physiological harm or loss of capacity produced by:
e systematic infection
e continued or repeated stress or strain
e exposure to toxins, poisons, fumes and so forth
e other continued and repeated exposure to conditions of the
work environment over a period of time.

For practical purposes, an occupational illness is any reported
condition that does not meet the definition of injury.

Injury

A wound or other condition of the body caused by external force
including stress or strain. The time and place of an injury must be
identifiable, as must be the part or function of the body affected. An
injury is caused by a specific event or incident or a series of events or
incidents within a single day or work shift.

Near miss

Any occurrence that could have caused adverse consequences to
people, the environment, property or reputation, or a combination of
any of these. This includes breaches of critical procedures, even if
there is no actual consequence.

Regulatory non-
compliance

Incidents involving any fines, prosecutions, improvements notices, or
breach of licences. Any incident required under state or
Commonwealth legislation to be reported to a statutory authority, for
example, NSW WorkCover, Department of Workplace Health and
Safety, Environmental Protection Authority, state or Commonwealth
Police Force, Department of Labour (Occupational Safety and Health
Administration) and Energy Safety Services. The requirements vary
from state to state and between different countries, therefore
confirmation of specific requirements must be obtained prior to
reporting.

Process incident

Incidents that are a result of a deviation from a specified method of
carrying out an activity or process (procedural) or from usual operating
conditions.

Process safety incident

Incidents that have resulted in or have the potential to result in the
unintentional release of chemicals, energy, or other harmful materials
during the course of their processing, production, piping and/or
storage at a facility.

All incidents (such as equipment breakdown or a vehicle incident) with

Property damage no potential for injury or spill.
Incidents involving a threat to personnel, including assault, bomb
Security threat threats, break and enter, security system breach, terrorist activity,

theft, unauthorised access and vandalism.

Social, cultural or
heritage incidents

Incidents involving unauthorised disturbances to a heritage site, or a
social disturbance.
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Appendix C - Injury and illness classifications

Term Definition

Fatality A fatality is a human death resulting from an incident.

A First Aid Case is recorded when first aid treatment is required as a
result of a work related injury or illness. Treatment would include the
following:

e administering a non-prescription medication at non-prescription
strength

e vaccination for precautionary purposes only (for example, as part
of travel)

e tetanus vaccinations
e cleaning, flushing or soaking wounds on the surface of the skin
e treatment of superficial burns

e using wound coverings such as bandages, band-aids, gauze pads
or butterfly bandages

e using hot or cold therapy

e using any non-rigid means of support, such as elastic bandages,
wraps or non-rigid back belts

) ) e using temporary immobilising devises while transporting an
First aid case (FAC) accident victim (including splints, slings, collars and back boards)

e drilling a fingernail or toenail to relieve pressure, or draining
fluid from a blister where underlying fracture has been excluded;

e using eye patches

e removing foreign bodies from the eye using only irrigation or a
cotton swab

e removing splinters or foreign material from areas other than the
eye by irrigation using finger guards

e Hospitalisation for observation only (for example, following
contact with electricity)

e  x-ray or other diagnostic investigation not resulting in medical
treatment

e  ECG/MRI/CAT scan with no abnormality identified

e  Physical examination if no condition is identified or medical
treatment administered

e drinking fluids for relief of heat stress.
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Journey and recess
incidents

Different states have different legislation relating to the definition of
journey incidents, usually referring to all injuries that occur during travel
while not on duty or during a designated recess break. This would
normally include travel between place of abode and the workplace,
travel to a technical school for training associated with employment, and
travel to receive medical treatment for an injury sustained at work.

Lost time case (LTC)

A work-related injury or illness resulting in the employee or contractor
being unable to attend work for one or more full calendar days following
the incident. LTC must include an approved Certificate of Capacity from
a registered health professional.

Medical treatment
case (MTC)

A work-related injury or illness for which an approved Certificate of
Capacity has been provided by a registered health professional.

Type of injuries or treatments to which this classification apply include:

e condition where prescription-only medication is prescribed
e wounds requiring sutures

e using devices with rigid stays or other systems designed to
immobilise parts of the body

e removal of foreign bodies from wound, if the removal requires a
physician because of the depth at which it is embedded, the size
or shape of the object, or the location of the wound

e surgical removal of dead skin (surgical debridement)

e removal of any embedded foreign bodies from eyes other than by
irrigation (including burring of rust rings)

e treatment of fractures
e burns exceeding superficial partial thickness
e treatment of bruises by drainage

e immunisations such as Hepatitis B vaccine or rabies vaccine when
given in the context of an injury

e physiotherapy, dental treatment, acupuncture, chiropractic or
massage when referred by a registered health professional.

No treatment case

A work-related injury or illness that requires no first aid or medical
treatment.
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Occupational illness

As the distinction between occupationally induced and community
induced illness may be uncertain, it is important to apply a consistent
rationale. Examples of questions that should be asked include:

e Has an illness been clearly diagnosed?

e Does it appear that the illness is caused by or mainly caused by,
suspected agents or other conditions at work?

e Are there suspected agents or conditions present in the work
environment?

e Has there been exposure to a sufficient degree and/or duration
to cause the illness?

e Is the illness attributable mainly to non-occupational exposure?

Incidents having non-occupational illnesses must be recorded as having
occurred in monitored jurisdiction.

Restricted work case
(RWCQ)

A work-related injury or illness that results in the employee being unable
to perform one of more of their routine functions following the incident.
It must include an approved Certificate of Capacity from a registered
health professional.

An injury or illness is not classified as an RWC when the medically
imposed restrictions limit activities other than the employee’s routine
functions

Origin uses the Occupational Safety and Health Administration (OSHA) Recordkeeping Regulation for
classification of injuries and illnesses. For further information refer to: OSHA Recordkeeping
Handbook OSHA 3245-03R 2006.






