Combabula CSG Water Management Plan

Executive Summary
Australia Pacific LNG has committed to find the highest and best use of water produced on a
case by case basis. Origin Energy on behalf of Australia Pacific LNG, has undertaken
numerous studies over the past three years culminating in the EIS.
Lead by the extensive research, Australia Pacific LNG has adopted a parallel approach to
CSG water management. The parallel approach delineates between “base case” options
and “optimisation” options. This approach has been developed to address uncertainties of
water supply, demand, legislation, technology and commercial arrangements.
Base case options provide a sustainable water management solution that can be readily
applied using existing technologies and customers. As uncertainties regarding water 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. The table below provides a summary of the base case and
optimisation case options selected.
Treated CSG Water Management
Base Case







Beneficial re-use of treated CSG water to Australia Pacific LNG owned irrigation.
Beneficial re-use of water in construction and operation activity of the Project.
Supply of treated CSG water for beneficial re-use in existing agriculture.
Supply of treated CSG water for trial investigation for new technologies.
Interim and contingent discharge of treated CSG water to watercourses.

Optimisation



Injection in areas where suitable receptor aquifers identified. Technical and economic
feasibility to determine through a structured program of trials.
Aggregation and management of treated CSG water in conjunction with other producers
and suppliers.



Saline Effluent Management
Base Case



Encapsulation of solid salts in a suitable licensed regulated waste disposal facility

Optimisation





Brine concentration / salt crystallisation for high value sale or transport
Reinjection into coals or low value geological strata
Ocean discharge via dedicated pipeline to Gladstone area

Ultimately Australia Pacific LNG expects that water management will involve the use of
multiple different options, for example a combination of river discharge, irrigation and
injection. Thus reflects the need to balance the volume, environmental and social risk
management of water handling.
Australia Pacific LNG seeks approval for base case options presented in this plan.
Depending on option development, optimisation options are anticipated to be sought for
approval as an amendment to the EA provided in respond to the EMP.
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1.

Introduction

1.1

Background

Australia Pacific LNG is a 50:50 coal seam gas (CSG) to liquefied natural gas (LNG) joint
venture between Origin Energy and Conoco Phillips. The Australia Pacific LNG Project
proposes to supply CSG from the Walloons gas fields in south central Queensland to a LNG
plant located on Curtis Island, near Gladstone, on the central Queensland coast.
In the Walloons coal seam, CSG water keeps the gas adsorbed as a thin film on the surface
of the coal. The pressure of the surrounding body of CSG water allows the gas to be
retained within the seam by adsorption to the surface of coal particles. Hence to extract the
gas the water pressure needs to be reduced by transferring the water to the surface.
Moreover transfer of water can be managed to modify the gas pressure, thereby optimising
the rate of gas production.
Water production from CSG wells, during gas extraction is variable and can be difficult to
predict. Variability in water production can be due to the location of the well, communication
with other wells, decline in pressure during well life and permeability of the coal seam. The
quality of the CSG water varies slightly from well to well and therefore more predominately
across the Project area, but it consistently contains elevated qualities of salts. Appropriate
management of CSG water is required to mitigate environmental risks associated with
untreated CSG water. Beneficial uses for such large and unpredictable quantities of both
treated and untreated water in this region are limited. It is acknowledged that the treatment,
use and disposal of CSG water present a challenge for the Project.
In January 2010 the Australia Pacific LNG Project submitted an Environmental Impact
Statement (EIS) to the Department of Infrastructure and Planning (DIP) for approval to
develop the planned 1560 TJ coal seam gas project. In November 2010 Australia Pacific
LNG received a conditional approval to manage and operate the Project. Of these conditions
was the requirement to submit a Coal Seam Gas Water Management Plan (CWMP) with the
application for development of each segment of the Project. This plan would also be
required to be subsequently resubmitted on an annual basis.
This CWMP addresses the planned treatment and use of CSG water within the Australia
Pacific LNG tenements, whilst also discussing the potential environmental risks associated
with its management and the subsequent mitigation and monitoring measures.
1.2

Purpose of the plan

CWMP, previously referred to as the Adaptive Associated Water Management Plan
(AAWMP) during the EIS process, has been established to document and guide the
management of CSG water by Australia Pacific LNG.
A plan has been prepared for each environmental management plan (EMP) as required for
the expansion of the CSG fields in accordance with the conditions of the Coordinator General
report (Appendix 2, Part 2, Condition 9). Although the management philosophy is consistent
between the plans, each EMP will contain a separate regionally focused CWMP to address
management actions and impacts appropriate to that specific development area. As briefed
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during the supplementary EIS workshops (July 2010), not all tenements discussed in the
EIS, currently managed by Australia Pacific LNG, are to be developed within the five year
ramp –up period for full operation. Table 1.1 provides a summary of each of the plans to be
undertaken in the first five years and their respective status whilst Appendix 1 presents the
development area layout plan indicating delineation of each region.
Table 1.1: - CSG water management plans for the Australia Pacific LNG Project
Region

CWMP Name

Status

Talinga

Walloons Associated Water
Management Plan

Completed April 2008 and submitted with the associated
EMP. To be updated in January 2011 to be in line with
Australia Pacific LNG philosophy and to include the Orana
development area.

Condabri

Coal Seam Gas Water
Management Plan - Condabri

To be submitted November 2010

Combabula

Coal Seam Gas Water
Management Plan - Combabula

To be submitted November 2010

1.3

Objectives of the plan

The aim of the CWMP is to provide a tool to assist with the long-term management of CSG
water. The plan will set out specific measures or goals to be achieved to maximise the
beneficial use of CSG water and ensure any potential impacts have been mitigated. It is
established using a strategic management framework and will be based on a number of key
objectives including:







provide a transparent document outlining Australia Pacific LNG's philosophy and
approach
demonstrate adherence to regulatory policy
document the risks and challenges in relation to CSG water management
provide a strategic management tool adaptive to changes in:
 source water quantity and quality
 demand location and volume
 technology
 environmental receptors/constraints
 community concerns, and regulatory requirements
allow for continual improvement and the implementation of good practice
management of CSG water

This plan focuses on the management of CSG water once extracted to the surface.
Accordingly potential for aquifer injection for treated CSG water and brine management has
been addressed in this CWMP. Aspects in relation to groundwater management have been
alternatively addressed in the Australia Pacific LNG Upstream Phase 1 Groundwater
Monitoring Plan (Q-LNG01-10-MP-005) (.November 2010).
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1.4

Australia Pacific LNG CSG water management philosophy

CSG is a developing industry in Australia, with Australia Pacific LNG and its proponents
implementing strategies to deal with a number of challenges including the management of
CSG water. To explain the approach to CSG water management, acknowledging the
ongoing evolution of technology and practice, Australia Pacific LNG has developed a CSG
water management philosophy.
One function of the philosophy is to inform the community, regulators and shareholders by
providing a transparent statement outlining Australia Pacific LNGs management approach.
The appropriate management of water is critical to the gas development program, as well as
the long term social and environmental impact to the region. We recognise the interests of a
wide range of stakeholders in the approach taken to water resources, and will be continuing
with consultation as the Project progresses.
Another function of the philosophy is to articulate and embed the fundamental principles and
objectives to guide decision-making. The philosophy is a synergy of both joint venture
partners’ water and sustainability policies and existing CSG water Project commitments.
An objective of Australia Pacific LNG is to develop the Project in a sustainable manner. This
objective relates to both the outcomes we will strive to achieve, and the methods and
processes applied when working towards outcomes. In particular, in developing the CSG
water management philosophy and approach, Australia Pacific LNG is guided by the
following goals:










minimising adverse environmental impacts and enhancing environmental benefits
associated with the activities, products or services; conserving, protecting, and
enhancing where the opportunity exists, the water resources in the operational areas
respecting the rights, interests and diverse cultures of the communities in which we
operate
engaging regularly, openly and transparently with people and communities affected
by the activities, considering their views in the decision-making
working cooperatively with communities, governments and other stakeholders to
achieve positive social and environmental outcomes, seeking partnership approaches
where appropriate
protecting public health, identify and stringently managing aspects of public health
concern, and cognisant of community issues in relations to outputs to the
environments
identifying, assessing, managing, monitoring and reviewing risks to the workforce, the
property, the environment and the communities affected by the activities

Table 1.2 provides an outline of Australia Pacific LNG management philosophy for CSG
water management, delineated by the three underlying elements.
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Table 1.2: - CSG water management philosophy
Continuously Increase Understanding


further investigate: extraction, treatment, disposal, waste management and beneficial
technologies

engage and collaborate with stakeholders on water management impacts, strategies,
monitoring and community expectations

build a comprehensive database of the hydrogeological environment
Sustainable Management Approach


adopt holistic water management techniques, considering environmental, social, safety and
financial consequences throughout and beyond the life of the Project

pursue economic viability of water solutions, with minimal long-term or cumulative impacts

consult with community stakeholders, government authorities and shareholders and consider
external views in decision making

operate responsibly to manage the water resources under Australia Pacific LNG's control
Monitoring and Performance Evaluation




establish a strategic planning framework, promoting
active response to regulatory change and
stakeholder engagement
adopt adaptive and continuous improvement
management practices to plan, develop, evaluate,
implement and monitor CSG water management
options

In developing a flexible and adaptive approach to the on-going monitoring and management
of water, Australia Pacific LNG has identified that an approach with the following elements
will assist to advance the goals underpinned by the Coal Seam Gas Water Management
Plan. Firstly, in the identification of appropriate treatment processes, an approach that seeks
to maximise the value of water was to be adopted. Secondly, in project planning; locate and
design infrastructure and planned discharges to reduce impacts to flow regimes and flooding,
adapting water interaction to natural change in the environment.
1.5

Terminology

As terminology can vary within the gas industry, this plan aims to employ consistent naming
and definitions to water and waste streams. The CWMP adopts coal seam gas water or
CSG water, referring to the untreated water stream associated with the extraction of CSG,
often also referred to as produced water or associated water.
As an output from the WTF, saline effluent has a total dissolved solids (TDS) ranging from 15
to 50 g/L, the term brine is only adopted for the high salinity ranges, above 40 g/L. With the
increase in salt concentration due to evaporation, saline effluent is therefore stored in brine
ponds. Permeate is the high quality stream exiting the RO stage of the WTF. Permeate is
then conditioned and/or amended depending on the final end use. The conditioned
permeate exiting the WTF is called treated CSG water.
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2.

Regulatory Framework

Australia Pacific LNG is proposing to construct and operate a world class long-term CSG to
LNG project which will be developed in accordance with a number of State and
Commonwealth legislation.
This CWMP has been prepared in accordance with a number of key policies and legislation
in Queensland for the management of CSG water as detailed in Sections 2.1 to 2.7 below.
2.1

Petroleum and Gas (Production and Safety) Act 2004

The Petroleum and Gas (Production and Safety) Act 2004 (PAG Act) was developed to
combine the existing regulation of the petroleum and gas industries under the Petroleum Act
1923 and the Gas Act 1965 into a single piece of legislation. The development of the Act is
the result of extensive consultation with the petroleum industry, landholder representatives
and community groups.
In regard to CSG water management, the PAG Act provides guidance for the management of
water rights. The PAG Act indicates that a holder of petroleum tenure has the right to extract
underground water in the area of the tenure provided that it happens during the course of or
results from the carrying out of, an authorised activity for the tenure, including gas extraction.
There is no limit to the volume of water that can be taken by the holder of petroleum tenure.
Furthermore the PAG Act defines that the CSG water can be re-used for the following
activities:



Stock and domestic purposes within the tenure area and adjoining areas owned by
the same person
Authorised gas production activities by the petroleum tenure holder

Also of significant relevance, the PAG Act indicates that petroleum tenure holders who
unduly affect existing Water Act 2000 bores, have a “make good” obligation. The PAG Act
defines this as either restoring supply, or providing compensation for the bore being unduly
affected.
A petroleum tenure holder must also comply with stringent water monitoring and reporting
requirements under the PAG Act.
2.2

Water Act 2000 / Water Supply (Safety and Reliability) Act 2008

The Water Act 2000 (Water Act) provides direction for the sustainable management and
efficient use of water by regulating the planning, allocation and use of water in the State of
Queensland. It vests in the State all rights to the use, flow and control of water in
Queensland, including groundwater, overland flow and water within watercourses, lakes,
springs and dams. The Act allows for the allocation and use of water for the physical,
economic and social well being of the people of Queensland and Australia, whilst protecting
the biological diversity and health of natural ecosystems, now and in the future.
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Water produced/released during the extraction of gas is regulated by the PAG Act. Supply of
CSG water for stock and domestic purposes within the tenure area and adjoining areas
owned by the same person or use by the petroleum tenure holder, is also directed within the
PAG Act.
The supply of both treated and untreated CSG water outside of the tenure to a third party will
require either; the users to obtain a water licence; or petroleum tenure to register as a water
service provider under the Water Supply (Safety and Reliability) Act 2008.
A water licence or permit is required under the Water Act 2000 to take, interfere with or use
water for an activity that is not authorised by the petroleum tenure, or for activities outside the
area of the petroleum tenure. For use of CSG water, unless the use is specifically authorised
under an environmental authority, it will need to comply with a general or specific beneficial
use approval under the Environmental Protection( Waste Management) Regulation 2000.
Australia Pacific LNG will have general approval for the beneficial use of a resource if it
complies with the conditions of the general approval for the beneficial use of CSG water set
out in the DERM guideline ‘Approval of coal seam gas water for beneficial use’ (2010) or can
apply to DERM for specific approval for the beneficial use.
If the CSG water provider owns infrastructure (such as pumps, ponds or pipelines) and
intends to charge for the supply of the CSG water to another party, it will need to be
registered as a service provider under the Water Supply (Safety and Reliability) Act 2008
(Water Supply Act).
Further to regulation provided in the Water Act and Water Supply Act, regional guidance for
water use is to be considered, such as:



2.2.1

Water Resource (Great Artesian Basin) Plan, 2006
Great Artesian Basin Resource Operations Plan, 2007
Murray Darling Basin Agreement, 2006
Water Resource Plan (Great Artesian Basin) 2006 / Great Artesian
Basin Resource Operations Plan 2007

The Walloons gas fields are located within the Surat Basin, a major sedimentary basin that
forms the eastern limb of the Great Artesian Basin (GAB). The Walloons Coal Measures
(WCM), along with potential aquifer injection targets such as the Precipice Sandstones,
Hutton Sandstones, , Springbok Sandstones and Gubberamunda Sandstones, are subject to
strict management guidelines.
The Water Resource (GAB) Plan and GAB Resource Operations Plan were approved in
2006 and 2007 respectively. These plans regulate water licence applications within the
basin’s aquifers and consider the sustainable management of the resource.
The Water Resource Plan sits within the Water Act, providing a strategic framework in a
regional context to:


Define the availability of water in the plan area
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Sustainably manage water and the taking of water
Identify priorities and mechanisms for dealing with future water requirements

The GAB Resource Operations Plan implements the Water Resource Plan specifying criteria
and conditions for future and existing water availability, licensing and use.
As outlined previously, water extracted in association with CSG is recognised under the PAG
Act.
2.2.2

Murray Darling Basin Agreement

The Walloons development area is predominately located within the Condamine-Balonne
River catchment, which is part of the Murray Darling Basin.
Under the Commonwealth Water Act 2007, the Murray Darling Basin Authority is the entity
responsible for the management of water within this Basin and to this end is charged with
preparing the Basin Plan. A draft Plan was delivered 8th October 2010 and addressed the
following issues:







Sustainable diversion limits (SDLs) on water (both surface and groundwater) that can
be taken
Identification of risks to Basin water resources (for example climate change)
A water quality and salinity management plan
An environmental watering plan to optimise environmental outcomes
State water resource plans
Trading of water rights rules

A key recommendation of the Plan was to establish new long-term average SDLs for surface
water and groundwater, basin-wide. For the Condamine-Balonne region this would result in
a reduction to current long-term average surface water diversion from 1,002 GL per year to
between 797 and 728 GL per year, equating to approximately 205 GL to 275 GL per year
return to the watercourse.
2.3

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).
Generally, 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 petroleum activities. For any ERAs that are not petroleum
activities, a development approval may be required.
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CSG water may be considered a regulated waste under the Environmental Protection
Regulation (2008) depending on quality. If CSG water is treated in accordance with the
conditions of a general or specific beneficial use approval it will no longer be considered
"waste" and would not trigger ERAs.
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 DERM. Of relevance to the
management of CSG water are the following:




2.3.1

Environmental Protection (Waste Management) Policy 2000
Environmental Protection (Waste Management) Regulation 2000
Environmental Protection (Water) Policy 2009
DERM Guideline - Approval of coal seam gas water for beneficial use guideline
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 (Policy) provides a strategic framework of managing
waste whilst the Environmental Protection (Waste Management) Regulation 2000
(Regulation) contains the requirements for handling specific waste streams.
A Waste can be converted to a resource, when it’s use is an approved for beneficial use
under the Regulation. However when beneficial use classification of CSG water is not
achievable, either by general and specific application, CSG water is considered a regulated
waste for the purpose of the EP Act.
2.3.2

Environmental Protection (Water) Policy 2009

The purpose of this policy is to provide a framework to achieve the objectives of the EP Act
in relation to Queensland waters. This policy guides the identification of environmental
values, appropriate water quality objectives and the efficient use of resources and best
practice environmental management.
As discussed previously, CSG water may be considered a waste in terms of the EP Act, and
as such would be regulated by the Environment Protection (Waste Management)
Policy/Regulation 2000. Conversely it may be approved as a ‘resource,’ if a beneficial use is
agreed.
Generally approval is provided on a case-by-case basis by the appropriate administrating
authority, however there are currently there are several general approvals for CSG water,
detailed below in section 2.3.3.
In specific approvals the Environment Protection (Water) Policy will provide guidance on
appropriate management of beneficial water reuse, the quality objectives and the existing
environmental values that are to be considered.
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2.3.3

DERM Guideline - Approval of coal seam gas water for beneficial
use guideline 2010

In March 2010, DERM released the guideline ‘Approval of coal seam gas water for beneficial
use’ to provide information for applicants on the approval process of using CSG water for
beneficial use under the EP Act and Regulation.
The granting of beneficial use approval aims to reduce the amount of waste going for final
disposal by lawfully converting it to a resource. For the status of the material to change, i.e.
from waste to resource, the holder of the beneficial use approval is obliged (through approval
conditions) to manage the resource in a way that minimises the risk of unlawful
environmental harm.
Under this guideline a number of CSG water uses are covered under a general approval for
beneficial use, these include:







Aquaculture and human consumption of aquatic foods
Coal washing
Dust suppression
Industrial use
Irrigation
Livestock watering

The guideline recognises that CSG water quality characteristics can vary and have provided
a range of suggested treatment technologies. The guideline also sets out minimum
standards, management philosophies, appropriate guidelines to be adopted and sources of
further information for the beneficial uses listed above.
2.4

Sustainable Planning Act 2009

The Sustainable Planning Act 2009 (SP Act) provides the framework for Queensland's
planning and development assessment system. The SP Act commenced on 18 December
2009 and replaced the Integrated Planning Act 1997.
The Act aims to balance community wellbeing, economic development and protection of the
natural environment to achieve sustainable development.
The provisions of the SP Act will apply to CSG water activities that are not regulated by the
Water Act, EP Act, or the PAG Act. For non-exempt activities, it may be necessary to obtain
a development approval under this Act.
2.5

Blueprint for Queensland’s LNG Industry

The Queensland Government has developed the ‘Blueprint for Queensland’s LNG Industry’
in response to the growth and development of the LNG industry in Queensland. The
Blueprint outlines how the Government will work with the LNG industry and local
communities to ensure that development is progressed in a way that benefits
Queenslanders.
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To assist the LNG industry with information and approvals a LNG Industry Unit has been
established within the Department of Employment, Economic Development and Innovation
(DEEDI).
This unit is responsible for policy development, industry assistance and
commercial negotiations.
The Blueprint sets out the Governments initiatives on issues such as; supporting new jobs
created by the industry, informing communities about all aspects of the industry, protecting
groundwater resources, establishing a fair royalty regime, managing cumulative impacts on
communities, and assessing environmental impacts.
2.6

CSG Water Management Policy

In June 2010, DERM released the CSG Water Management Policy to ensure that the
produced salt does not contaminate the environment and to encourage the beneficial use of
treated CSG water.
The policy provides additional clarification and detail around issues raised in the Queensland
Coal Seam Gas Water Management Policy, October 2008, and relates to the amendments to
the EP Act 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 Department of Infrastructure and Planning 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:








Treatment of CSG water
Evaporation dams for CSG water disposal
Standard design for aggregation and brine storage dams
CSG water management plan
Remediation action for existing evaporation dams
Transitional arrangements for existing evaporation dams.
Management or disposal options for saline effluent and solid salt wastes

The policy categorises options into preferred and non-preferred options, this is discussed
further in section 8.
2.7

Water and Other Legislation Amendment Bill 2010

The Water and Other Legislation Amendment Bill 2010 (WOLA) established for the
amendments to various pieces of water legislation in relation to the development of CSG
industry. It is proposed that the amendments will deliver on commitment in the LNG
Blueprint to the protection of water resources. Currently the bill is in draft form, undergoing
stakeholder review, it is understood that it will be legislated by the end of 2010.
The draft Bill relocates and develops the existing regulatory framework for managing
groundwater impact of the petroleum industry from the PG Act and the PAG Act into the
Water Act. In the proposed framework the Water Act legislates impacts on water supply
bores and springs from the extraction of groundwater by CSG proponents.
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The draft Bill also proposes amendments to the Water Supply Act, incorporating CSG water
as a recycled water source when impacting town drinking water supply. The draft Bill
requires a recycled water management plan to be developed, except where it can be
demonstrated that there is no material impact on the town’s drinking water supply or where
certain requirements specific to aquifers are not met.
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3.

Resource Profile

CSG is a natural gas consisting primarily of methane. The subsurface gas is adsorbed onto
coal, bonding to the surface of coal particles by hydrostatic pressure. The Australia Pacific
LNG Project’s target gas resource is located in the Surat Basin, within the Walloons Coal
Measures (WCM). In the Project area, the WCM is approximately 300m thick, located
between 200m to 1000m below ground level.
3.1

Gas production, management and objectives

Gas is extracted from subsurface the coal seams via purpose built production wells. It is
proposed that wells are drilled in even spacing, where possible, across the development
area. Each well is designed to have an opening that coincides with the WCM strata.
Depending on existing well pressures, a sub-surface pump lifts the gas, and CSG water, to
the surface for processing.
As previously discussed, CSG water bonds the gas to the coal particles and with the removal
of this water the hydrostatic pressure is also reduced. This change in pressure causes
localised changes in the porosity and permeability of the coal. Bonds between the gas and
the coal are decreased, resulting in the pores of the coal particles shrinking together, limiting
gas movement within the coal. Conversely, the shrinking of coal particles increases the
space, and hence expands the gaps between the coals, known as cleats, thus increasing
gas flow.
The reduction in pressure is initially localised, however expands across fields and eventually
the development area as gas production is increased. Similarly, CSG water flow rate varies
across the development area, however they often follow the same trend; starting at a high
volume discharge, which falls dramatically over time as the coal seam bed becomes
depressurised. However, water production generally decreases more rapidly than gas
production.
Existing gas and water parameters such as porosity and permeability vary across the
development area. Gas fields are often targeted during different stages of the production to
provide desired gas flow profiles. Areas of interconnected and permeable fractures
permitting gas and water to flow freely are considered high quality CSG deposits.
Furthermore the release of water is often managed to modify the gas pressure, therefore
optimising the rate of gas production. Figure 3.1 below provides a diagram of the coal
formation and well extraction process.
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Figure 3.1: - Indicative sketch of gas production well
Australia Pacific LNG’s Walloons development comprises of a number of gas development
areas, each with a number of fields and a corresponding series of wells. All fields are
proposed to come into production over an approximate 20 year period, at a maximum rate of
some 600 wells per year.
Australia Pacific LNG gas production is being managed to achieve two key objectives both
relating to efficiency; focus gas production in early development toward better resources that
is high permeability areas, and the staged development to obtain a constant gas profile,
avoiding redundant infrastructure and gas supply.
The gas profile developed for the EIS assessment provided a production rate sufficient to
supply four trains at the CSG to the LNG plant located on Curtis Island. The gas profile
presented a maximum development scenario. Pilot CSG production tests in the region have
further assisted to define the gas resources, in conjunction with an assessment of
infrastructure requirements and associated costs, which has reduced the CSG water
production profile at each development area.
3.2

CSG w ater production profile

The CSG water production profile is fundamentally a function of gas production
management. The rate and staging of de-pressurising (reduction in hydrostatic pressure with
the extraction of CSG water) is designed to achieve an overall gas extraction production
target or plateau across the field. Typically, de-pressurising is initially undertaken at a rapid
rate, often using pumps. However, the amount of water being pumped reduces, over time as
gas production ramps-up to reach the plateau rate of production. Water pumping is
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predicted to continue until the end of the Project, albeit at reduced rates. As a result,
significant quantities of water are initially produced. Therefore the water management
system must have sufficient capacity to handle and treat short-duration peak flows.
The periods between initial de-pressurising, peak water production and minimum constant
flow from a well, varies across not only the different CSG fields in which the wells are drilled,
but also between individual wells in the same field. Time from peak flow and “constant”
minimum flow from a well may be 7 to 16 years. While sampling and test work is extensively
utilised to allow a sufficient degree of performance prediction to enable decisions regarding
field development, the nature of the coal seam and sub-surface structures often results in
individual well performances being significantly different from that predicted.
3.2.1

Combabula CSG water production

The Combabula development area is located to the west of the Project area, in the region
known as the Western Walloons. The development area is rectangular in shape, stretching
east-west, and is located approximately 25km north of Yuleba township. The development
area comprises of five gas fields, starting in the south east corner moving clockwise they are
respectively named Reedy Creek, Muggleton, Meleebee and Combabula, Pine Hills is
located central to the area. Appendix 2 provides an outline of the development area and the
key facility layout areas.
The water profile developed in response to the EIS investigation is similar to the gas profile in
that it indicates a maximum CSG water production peak. Revisions to gas production and
further development of gas and water reservoir modelling have resulted in reductions in
water production volumes and peaks.
Figure 3.2 below provides the anticipated water profile for the Combabula development area.
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Figure 3.2: - Predicted Combabula CSG water profile
The profile indicates a double peak which is representative of the field ramp-up schedule.
The initial annual average peak of 35 ML/d in 2016 is the result of key fields such as
Combabula and Reedy Creek being depressurised. The later peak in 2021 considers the
depressurising of over fields within the development area such as Pine Hills and Muggleton.
The figure also provides predicted stream of permeate and brine flow, these profiles have
been based on the anticipated 87% recovery. This performance rate and the respective
assumption are discussed further in section 4.2 of the plan.
3.3

CSG w ater quality

The quality of CSG water is primarily dependent upon the geology of the area in which the
well is located. Consequently water quality varies significantly in both horizontal and vertical
horizons. In the Walloons deposit the CSG water’s key re-use inhibitors are its saline nature,
high sodium absorption ratio (SAR) and high residual alkalinity. Other limiting water quality
parameters of concern include fluoride, boron, pH, suspended solids, temperature and
dissolved oxygen. Some of these parameters and their environmental impact, interaction
with other factors and quality objectives are discussed below in section 3.3.1 to 3.3.7.
CSG water testing indicates that heavy metals such as mercury and arsenic are of low
concentration and hydrocarbons are additionally not of concern. Treated water quality
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parameters are not considered in this section and have been addressed in the section 4.2
with descriptions of the proposed treatment techniques.
Table 3.2 provides a summary of key water quality parameters.
Table 3.2: - Combabula development area CSG water quality
Parameter

Value

Total Dissolved Solids (mg/L)2

63001

pH

8.8 -9

Total Suspended Solids (mg/L)

3

20-150

Sodium Adsorption Ratio

1001

Total Alkalinity (mq CaCO3/L)

7201

Fluoride by ISE (mg/L)

11

Boron as B (mg/L)

0.41

Notes:
1. Values represents median value.
2. Convert from electric conductivity (Factor = 0.74).
3. Solids may be entrained sediments from wells, or of microbiological origin.

3.3.1

Total dissolved solids

Total Dissolved Solids (TDS) is a measure of all inorganic salts dissolved in water. In
general the water extracted from the WCMis between 2,400 mg/L and 6,600 mg/L,
exceeding drinking water guidelines (500 mg/L), and natural regional variance (755 mg/L)
(Queensland Government, 2009).
Management options for untreated CSG water are limited by the elevated salt levels.
Irrigation with saline water has been shown to result in reduced plant productivity or in worst
cases can be lethal to crops and native vegetation. Similarly it has been determined that
feed water with elevated salt concentrations can cause physiological upset and sometimes
death to terrestrial animals. Moreover, water of marginal quality can often cause
gastrointestinal problems leading to a reduction in weight gain, milk or egg production of
livestock (Australian and New Zealand Environment and Conservation Council, 2000).
Figure 3.3 provides a summary of the tolerance of several water supply options to TDS
concentration.
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Source:(Adapted from (Queensland Government, 2009) and (Australian and New Zealand Environment and Conservation
Council, 2000))

Figure 3.3: - Natural salinity and environmental tolerances
3.3.2

pH

Testing of CSG water within the Walloon’s indicates that it is consistently alkaline, with pH
values between 8.3 and 9. For agricultural uses, pH values should be maintained between 6
and 8.5, as alkaline irrigation water can affect plant growth and nutrient imbalance. Likewise,
fouling is prevalent with alkaline water re-use in pumps, irrigation and stock watering
systems, potentially affecting industrial and agricultural management options.
3.3.3

Total suspended solids

Total suspended solid (TSS) concentration impacts both CSG operational activities (e.g.
clogging pipes, vessels and pumps) as well as limiting management options. The most
significant effect of high TSS in the natural environment is a reduction in light penetration
through the water column. This can result in potential impacts to the photosynthesis
capability of phytoplankton and aquatic macrophytes and vegetation; and the feeding
behaviour, respiration and reproduction of aquatic fauna (Australian and New Zealand
Environment and Conservation Council, 2000). Suspended solids and colloidal matter may
also convey potentially harmful chemical constituents (e.g. heavy metals, nutrients, toxic
organic compounds) through aquatic systems.
3.3.4

Sodium adsorption ratio

Sodicity is the presence of a high proportion of sodium (Na+) ions relative to calcium (Ca2+)
and magnesium (Mg2+) ions in water. Sodicity degrades soil structures by breaking down
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clay aggregates, which makes the soil more erodible and less permeable to water,
consequently reducing plant growth. These factors limit leaching so that salt accumulates
over long periods of time, giving rise to saline subsoils (Australian and New Zealand
Environment and Conservation Council, 2000).
An estimation of sodicity levels in water can be predicted using the Sodium Adsorption Ratio
(SAR). Figure 3.4 below provides permissible SAR values of irrigation water for maintaining
a stable soil surface under high rainfall (Australian and New Zealand Environment and
Conservation Council, 2000).

Unsuitable

Source: (Adapted from (Australian and New Zealand Environment and Conservation Council, 2000)).

Figure 3.4: - Guide to suitable SAR of irrigation water for maintaining a stable soil
surface
The potentially high sodicity of CSG water, >100 SAR, is likely to limit use directly to the soil
surface, i.e. irrigation and discharge to watercourses.
3.3.5

Residual alkalinity

When the hydrogen ion is not neutralised with either calcium or magnesium, the free ions
create a parameter referred to as residual alkalinity. The bicarbonate (HCO3-) ion is one of
the major contributors to alkalinity in water.
Elevated levels of bicarbonate in irrigation waters can adversely affect irrigation equipment,
soil structure and crop foliage. Furthermore it will effectively increase the SAR, leading to
soil structure problems (Australian and New Zealand Environment and Conservation Council,
2000).
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3.3.6

Fluoride

Fluoride accumulates in the bones and excess uptake of fluoride can result in tooth damage
to growing animals and bone lesions in older livestock. Excessive intake of fluoride can lead
to fluorosis, a condition characterised by hypermineralisation. Research indicates regular
consumption by stock of water containing fluoride concentrations greater than 2 mg/L
progressively increases the risk of fluorosis (Australian and New Zealand Environment and
Conservation Council, 2000). Furthermore fluoride in agricultural use results in crop
deterioration. Australian guidelines recommend that fluoride concentrations in water used
long term in agriculture, for both irrigation and livestock feed, is less than 1 mg/L (Australian
and New Zealand Environment and Conservation Council, 2000). Sampling of the CSG
water from the WCM that indicates that the untreated water will exceed irrigation, drinking
water and stock watering guidelines.
3.3.7

Boron

Boron is a prominent metalloid (intermediate element with metal and non-metallic properties)
within CSG water. Boron in relatively small amounts is essential to the normal growth of all
plants; however, this element can be toxic when present in excess. Crop species vary both in
their boron requirement and in their tolerance to excess boron. In general, the maximum
concentration of boron tolerated by plants in irrigation water, i.e. no reduction in yield or
vegetative growth, is approximately 0.5 mg/L for sensitive vegetation such as fruit and beans,
whilst crops of oat and corn are moderately tolerant to 2 mg/L (Australian and New Zealand
Environment and Conservation Council, 2000). Boron dissolved in water is rapidly absorbed
from the gastrointestinal tract in animals, which results in reduced hay consumption and
subsequent loss of weight (Australian and New Zealand Environment and Conservation
Council, 2000).
Typical boron concentrations within WCMs’ CSG water are above the recommended 0.5
mg/L guideline. Direct use in agricultural and environmental management options may
therefore be limited.
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4.

Infrastructure

All management options currently listed in the base and optimisation cases for CSG water
management by Australia Pacific LNG will require some form of collection and treatment
appropriate for its re-use.
This section presents a short description of the infrastructure required to transport, treat and
store CSG water within the Combabula gas field for the first five years. The Combabula EM
Plan provides further detailed information on the design, construction, operation and
decommissioning of the water gathering network, water transfer ponds and water gathering
stations, water treatment facilities and feed and brine ponds.
4.1

Water gathering netw ork

To produce gas from a coal seam, the CSG water in the reservoir must first be withdrawn
using artificial lift (pump) installed in the well. This reduces the pressure within the coal seam
and liberates the adsorbed gas from the coal. Flow from the well is separated into water and
gas in a small vessel called a wellhead separator.
Following the separation of gas and water at the wellhead, the CSG water will be conveyed
in buried high density polyethylene pipeline system. This forms the water gathering network
which channels the water to the nearest water treatment facility (WTF).
The water gathering system will be designed and constructed considering topography to
optimise gravitational pressure and retain a low pressure gathering system to reduce energy
requirements. However at low elevation along the water gathering network, water transfer
stations (WTS) may be required. These comprise of ponds to collect the CSG water and
pumps to lift the CSG water to higher elevations along the route to the water treatment
facilities. The transfer stations typically include a lined and fenced holding (transfer) pond
and pumping station with total area required up to 6ha.
WTS’s will be designed in accordance with DERM’s Manual for Assessing Hazard
Categories and Hydraulic Performance of Dams. The WTS s will:





Be designed with a floor and sides made of material to contain the wetting front and
any entrained contaminants within the bounds of the containment system during its
operational life, including any period of decommissioning and rehabilitation
Have a system to detect any passage of the wetting front or entrained contaminants
through either the floor or sides of the dam
Either, be capable of repair to rectify any passage of the wetting front through the
floor or sides of the dam, or be decommissioned and rehabilitated.

Australia Pacific LNG is currently investigating an alternate to WTS. Water gathering stations
(WGS), would transfer water via tanks rather than ponds.
Refer to the Combabula EM Plan for further details on the water gathering network, WTS and
WGS.
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4.2

Water treatment facilities

CSG water from the low pressure gathering system will be delivered to the WTF's feed pond
where it is stored prior to treatment. Since treated water that is suitable for river discharge
would also be generally suitable for crop irrigation, Australia Pacific LNG has adopted a
consistent water treatment design for all base case CSG water management uses, with
some minor variation.
The process can be summarised in three stages:





Preparation and buffering feed ponds to provide adequate backup buffer storage,
adequate aeration, and removal of coarse sediment and to allow reduction in
temperature prior to entering the facility
Pre-treatment technologies to remove larger particles and alter parameters to
improve desalination processes
Desalination using reverse osmosis (RO)

Pre-treatment and desalination is represented in the simplified process diagram; Figure 4.1.

Figure 4.1: - Simplified process flow diagram of WTF
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4.2.1

Feed ponds

The feed pond is a storage area into which CSG water from the low pressure gathering
system will flow from the extraction wells to where the WTF inflow will be drawn. The ponds
will be divided into two compartments; a feed compartment and buffer storage compartment.
The feed compartment will be the default receiving point for CSG water from the gas fields. It
will provide a minimum 24 hours and a maximum 72 hours detention time. As the CSG
water enters the ponds, it will be aerated to ensure adequate oxidation of any residual
soluble trace metals.
The buffer storage compartment will provide buffer storage capacity for periods when the
WTF is operating at a reduced capacity, is shut down or the feed water requires further
settlement or pre-feed treatment. It will be sized to hold approximately 7 days of peak plant
capacity.
The two compartments will also allow coarse sediment to settle, allow any free gases
entrained in the water to escape and reduce the temperature to less than 35°C.
The feed ponds are to be designed in accordance with the Manual for Assessing Hazard
Categories and Hydraulic Performance of Dams and will be constructed, operated and
decommissioned accordingly. Manual specifications for feed pond are consistent with those
provided for transfer ponds, and hence are summarised above in section 4.1.
Refer to the Combabula EM Plan for further details on feed ponds.
4.2.2

Summary of treatment process

A feed water pump station will be located at the inlet of the facility and will be comprised of
pumping systems which will draw water from the feed pond and inlet works. The inlet works
will include coarse screening, stop-gate installation point and plant feed pumps. Prior to feed,
a disinfection system (chloramination system) will be implemented via the inlet channel. The
system, and its operation, shall comply with Orica and Australian health and safety
standards.
Once disinfected, the feed water will pass through the disc filtration system to remove coarse
solids (nominally up to 200µm). The next phase of filtration is undertaken using a membrane
filter for the removal of fine solids (nominally up to 0.1µm).
The feed water enters a filtrate tank which provides a process control buffer between the
membrane filter and the ion exchange system. The ion exchange system will remove
divalent cations and reduce water hardness to protect the RO system from scaling. This will
allow higher RO unit recoveries to be achieved.
Each primary RO unit will draw water from a common pressure-controlled feed header and
produce permeate that meets the discharge quality criteria. The primary ROs are 3 stage
units designed to achieve high recoveries while maintaining good cross-flow in tail end
elements.
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Secondary RO units are proposed at the WTF, with a trial currently being undertaken at the
existing Talinga WTF. The secondary RO unit will:



Achieve maximum possible recoveries with conventional RO technology and practical
scaling limits prevailing at each site
Ensure base-line site recovery is not compromised by possible low reliability of units
operating at very high salinities

At the Combabula WTF, implementation of the above treatment process, including
secondary RO, is predicted to achieve a recovery rate of between 75 – 95%. At a recovery
rate of 87% the 40 ML/d capacity WTF will produce approximately 34.8 ML/d permeate and
5.2 ML/d of saline effluent.
The Combabula EM Plan provides further details on WTFs.
4.2.3

Brine ponds

The salts removed from the CSG water during RO treatment are concentrated into a low
volume stream, known as saline effluent. This has a salt content of around 40 grams of salts
per litre. This saline effluent will be stored in fully engineered, purpose-built, lined brine
ponds to further concentrate the stream by evaporation. Prior to transport to the ponds, small
amounts of saline effluent may be blended for reprocessing through the RO plant. The
majority of the effluent stream will be piped to the identified pond locations within the WTF
property boundary.
The brine ponds will be designed in accordance with the Manual for Assessing Hazard
Categories and Hydraulic Performance of Dams and will be constructed, operated and
decommissioned accordingly.
Manual specifications for brine pond are generally consistent with those provided for transfer
ponds, (summarised above in section 4.1) however addition brine ponds are required to:


have a system for the collection and proper disposal of any contaminants that move
beyond the bounds of the containment system.

Refer to Appendix 9; Saline Effluent Management Plan for further details on brine ponds.
4.3

Infrastructure schedule

The Combabula gas field will be progressively developed, commencing in 2012. Within the
first five years, the following infrastructure will be developed (refer to Appendix 1):




20 ML/d WTF at Reedy Creek in January 2013, expanding to 40 ML/d in January
2014
10 ha of feed ponds including buffer ponds
Approximately 180 ha (base area) of brine ponds
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5.

Existing Environment

Australia Pacific LNG is proposing to discharge treated CSG water into Yuleba Creek. This
document relies on the information collected during the EIS process to describe the local
physical, chemical, ecological and biological properties of the receiving environment.
During the EIS process (including supplemental information to the EIS) a number of sites
within these reaches were studied in order to provide a description of the existing
environment within the proposed impact area. The following sites (including off river water
bodies) are considered relevant to the proposed discharge area:
Yuleba Creek (part of Condamine-Balonne River catchment – 2 test sites)



Yuleba Creek Downstream Test site - YCDS1
Yuleba Creek Downstream Test site - YCDS2

Appendix 3 provides a map showing locations of all sampling sites.
5.1

Landscape and land use

The Combabula development area is characterised by gentle slopes, low hills and undulating
plains. Lateritic scarps and sandstone hills are common throughout the development area. A
belt of undulating lateritic scarp, with slopes of up to 10%, is present across the northern
portion of the development area. This is accentuated in the far north-eastern corner with
slopes up to 20%. The southern portion of the tenement is comprised of broad undulating
plains and lowlands with patches of low sandstone hills and lateritic scarps. Some fluvial
plains are associated with small tributaries in the north-western corner and along the eastern
boundary of the development area.
The underlying geology of the area is dominated by Jurassic to Cretaceous arenite (JKb),
with minor Jurassic unclassified sedimentary rocks (Ji), Tertiary sandstone (Ti and Tm) and
Quaternary alluvium (Qa). Soils within the development area are primarily comprised of
texture contrast soils and cracking clays (2c/5b).
Land use over the Combabula development area is principally cattle grazing with some forms
of cropping in areas of more fertile soils. Other land uses include forestry and dry land
cropping. Approximately 68.5% of the tenement is classified as good quality agricultural land.
The Combabula development area falls within the Brigalow Belt Bioregion of Stanton and
Morgan (1977) as described in Sattler and Williams (1999). The bioregion is characterised by
the presence of Brigalow Acacia harpophylla, which forms forest and woodland on clay soils
(Sattler & Williams, 1999)
Refer to the Combabula EM Plan for further details on soils, land use and ecology.
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5.2

Catchment

The Condamine-Balonne catchment extends for approximately 500 km and is located in the
upper Murray-Darling catchment. The boundary of the Condamine-Balonne catchment to the
east and north are formed by the Great Dividing Range (approximately 1,400 m above sea
level (ASL)) near Toowoomba and Warwick, while its southern boundary comprises the
much lower Herries Range (approximately 800 m ASL). The western boundary comprises
the Maranoa River sub-catchment. Whilst the Dogwood Creek sub-catchment flows into the
Condamine River at the confluence with the Balonne River (Clayton, Fielder, & Hill, 2008)
dividing the River names.
The dominant land uses in the Condamine-Balonne River catchment are cattle and sheep
grazing and to a lesser extent irrigated cropping, rural residential and urban development.
Extensive land clearing in combination with inappropriate land management practices, highly
variable and intense rainfall and dispersive soils has contributed to the elevated sediment
and nutrient levels within the waterways (Condamine-Balonne Water Committee, 2002).
Clayton et al. (2008) stated that due to historical clearing of streamside vegetation and
introduction of weed species such as willow, riparian condition, wetland condition and water
quality were identified as major issues in the catchment. Point sources such as feedlots,
piggeries, sewage outflows and landfills have also delivered concentrated loads of nutrients,
sediments, and other contaminants to waterways, resulting in localised differences in water
quality, habitat quality and aquatic flora and fauna diversity. It was also recognised that the
elevated turbidity, hardness, pH, conductivity and total dissolved ions could be improved
through better land management, although some parameters were likely to be naturally high
(Condamine-Balonne Water Committee, 2002).
The Combabula development area is located in the north-west boundary of the CondamineBalonne River catchment. Yuleba Creek is a north-western tributary of the CondamineBalonne catchment. These waters can be considered temporary and are considered to have
an overall disturbance rating of high to very high. The surrounding landuse is grazing and
impacts on the stream from grazing were apparent (e.g. gullying from cleared floodplain,
unrestricted stock access).
5.3

Hydrology

Yuleba Creek is located within the Combabula development area, and lies within the Balonne
River sub-basin. This watercourse initially flows east before turning in a southerly direction to
the development area boundary, where it continues on in a southerly direction to eventually
reach the Balonne River. Yuleba Creek flows through predominately rural areas, and is
crossed by typically only minor/local roads within the development area.
An analysis of stream flows was carried out as part of the Australia Pacific LNG EIS and a
simulated long-term flow series was produced for Yuleba Creek where a proposed discharge
from a water treatment facility is located. The analysis of this synthetic flow series indicated
that this tributary is likely to exist under no flow conditions for between 55% and 70% of the
time.
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A summary of the findings of the hydraulic analysis is provided below.







Bank full flow conditions generally correlated with flows above the 99 percentile
exceedance flow, i.e. flow which occurred less than 1% of the simulation period
Modelled velocities in Yuleba Creek (Table 5.1) showed average velocities at greater
than 1 m/s at bank full conditions and up to 1.4 m/s at some locations during bank full
flow conditions.
Stream power in Yuleba Creek up to approximately a 95th percentile historic flow
conditions were less than 7 W/m2. Under flow conditions from the 95th percentile to
bank full conditions Yuleba Creek was observed to have modelled stream powers
above 35W/m2 at bank full conditions
Bank full stream stresses in Yuleba Creek were higher than other modelled tributaries
but still within a low to medium value range.

Table 5.1: - Summary of hydraulic results for Yuleba Creek
Watercourse

WTF

Yuleba Creek

WTF_RCK_1a

Approximat
e bank full
flow (m3/s)

40

Bank full
average
depth (m)

1.70

Bank full
average
velocities
(m/s)
1.14

Bank full
average
stream
power
(W/m2)

Bank Full
average
stream
stress
(N/m2)

38.7

32.6

Analysis of historical stream flow records for the gauge on the Condamine River at Chinchilla
(422308C), which indicated that the majority of flow within the Condamine River occurs
during the Summer and Autumn period. An average of 45% of the flow occurs in the
summer season (December to February) and 30% of the average annual flows occur in
autumn (March to June). The remaining 25% of the average annual flows occur in the winter
and spring seasons (July to November). It is expected that the seasonal variation observed
at the Condamine River will be consistent across the catchment’s watercourses, including
Yuleba Creek.
5.4

Fluvial geomorphology

Yuleba Creek is considered part of the North-western Condamine-Balonne tributaries.
These tributaries are highly disturbed in terms of floodplain and riparian clearance. Riparian
vegetation was very poor in most places, with some patches of good vegetation. Yuleba
Creek is an exception, with continuous (but narrow – to the top of the bank) upper storey
vegetation. As vegetation was present on Yuleba Creek, it was considered generally stable.
The beds at most sites were currently infilling (mostly from gullying) resulting in geomorphic
variability within the channel by flattening of the bed and infilling pools. However, in sections,
gully outfalls also resulting in damming of pools and increasing their depth. Yuleba Creek
sites have mostly U-shaped channels, although some small benches were observed.
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Upper Yuleba Creek was considered to be unstable (eroding), while Lower Yuleba was
considered to be unstable (aggrading). Banks generally consisted of high clay content
(some dispersive qualities) with isolated changes in bank material.
The dominant
disturbance on Yuleba Creek was considered upstream sediment runoff and sediment ladenrunoff.
5.5

Water quality

Water quality was tested (as part of the Australia Pacific LNG EIS) at two sites downstream
of the proposed discharge site for the Combabula development area on Yuleba Creek (refer
to Appendix 3). Sampling occurred twice during the 2009 dry season and once during the
2010 wet season.
Water quality within Yuleba Creek was similar to that within the greater Condamine-Balonne
catchment (Table 5.2). Conductivities were low during the dry season but increased above
guideline values during the wet season. Turbidity was high throughout the sampling period,
as were nutrient and ammonia levels. Dissolved oxygen levels were low during the dry and
wet season sampling. The additional levels of sediment and organic matter from recent flood
events and elevated antecedent temperatures may have led to increased oxygen demand
and reduced solubility. Elevated levels of copper were also recorded, which is consistent
with other water quality results within the greater Condamine-Balonne catchment.
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Table 5.2: - Summary of water quality results from sites on Yuleba Creek
Analyte
Temp
Cond
pH
Turb
DO
TDS
TSS
NH4
NOX
TKN
TN
TP
FRP
Al (d)
Cu(d)
Mn(d)
B(d)
Fe(d)
Al (t)
Cu(t)
Mn(t)
B(t)
Fe(t)

Unit
o
C
µS/cm
pH unit
NTU
% Sat
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Guideline1
340
6.5-7.5
25
90-110
na
na
0.01
0.015
na
0.25
0.03
0.015
0.055
0.001
1.9
0.37
na
na
na
na
na
na

Dry 1
Min
9.82
145
7
71.3
56
122
32
0.03
0.03
0.8
1
0.005
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Max
12
251
7.52
78.9
59.4
158
110
0.06
0.53
1
1.4
0.12
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Median
10.91
198
7.26
75.1
57.7
140
71
0.045
0.28
0.9
1.2
0.0625
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Dry 2
Min
0
147

Max

Median

0
273

210

150.6

177

163.8

184
75
0.03
0.08
0.8
0.9
0.2
0.005
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

199
252
0.03
0.16
3
3.2
0.44
0.01
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

191.5
163.5
0.03
0.12
1.9
2.05
0.32
0.0075
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

Notes:
1. Applicable guidelines (Australian and New Zealand Environment and Conservation Council, 2000) and (Queensland Government, 2009)
2. Red font denotes an exceedence of applicable guideline
3. ‘na’ denotes no available guidelines
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Wet
Min
17.46
440
7.32
23
47.9
268
24
0.005
0.02
0.9
0.9
0.1
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94

Max
22.02
752
7.72
341
88.4
436
40
0.02
0.09
0.9
1
0.12
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94

Median
19.74
596
7.52
182
68.15
352
32
0.0125
0.055
0.9
0.95
0.11
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94
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5.6

Fish and macrocrustaceans

Seven species of fish were recorded from Yuleba Creek during the EIS surveys (Table
5.3). These species were also collected from other sites within the Condamine-Balonne
River catchment.
Goldfish and Gudgeons were the most common species encountered during the dry
season, switching to a community dominated by Bony Bream and Spangled Perch in the
wet season. Macrobrachium prawns were found at both Yuleba sites, but Redclaw
(Cherax destructor) was only recorded from one site.
Table 5.3: - Comparison of fish recorded from Yuleba Creek during the surveys with
Condamine - Balonne catchment wide studies
Species

Common name

Nematalosa erebi
Hypseleotris spp.
Philypnodon grandiceps
Gadopsis marmoratus
Hypseleotris klunzingeri
Hypseleotris sp. A
Mogurnda adspersa
Hypseleotris galii
Craterocephalus amniculus
Melanotaenia duboulayi
Melanotaenia fluviatilis
Maccullochella peeli peeli
Macquaria ambiqua
Galaxias olidus
Tandanus tandanus
Neosilurus hyrtlii
Retropina semoni
Leiopotherapon unicolor
Craterocephalus
t
Ambassis
agassizii

Bony bream
Carp gudgeons.
Flathead gudgeon
River blackfish
Western carp gudgeon
Midgleys gudgeon
Purple-spotted gudgeon
Firetail gudgeon
Darling River hardyhead
Crimson spotted rainbowfish
Murray River rainbowfish
Murray cod
Golden perch / Yellowbelly
Mountain galaxias
Freshwater catfish
Hyrtl’s tandan
Australian smelt
Spangled perch

Bidyanus bidyanus
Cyprinus carpio
Carassius auratus
Gambusia holbrooki

Fly specked hardyhead
Agassiz’s glassfish / olive
perchlet
Silver perch
Common carp
Goldfish
Gambusia
Total Diversity

% of total species recorded (based on Clayton et al,
2008)

EIS survey
Results - whole
catchment




Yuleba
Creek
DS1 DS2




















CondamineBalonne*







































13

7

6

24

54

29

25

-

*Clayton et al. (2008), frc environment (2009)

commercial-in-confidence

Q-4200-45-MP-0001

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

29

Combabula CSG Water Management Plan
5.6.1

Freshwater turtles

Turtle species occurring in the Murray-Darling Basin, including the Condamine-Balonne
River catchment, include the:




Broad-shelled river turtle (Chelodina expansa)
Eastern snake-necked turtle (Chelodina longicollis)
Macquarie turtle (Emydura macquarii) (Wilson & Swan, 2008)



The broad-shelled river turtle and the Macquarie turtle were identified from the
Condamine-Balonne River catchment during the Australia Pacific LNG EIS surveys
(BAAM, 2009). Each of these species is native and has a wide-ranging diet including
macrophytes, invertebrates and small vertebrates (Wilson & Swan, 2008).
Freshwater turtles typically move between habitats in the order of 10s of kilometres apart
(but they may be displaced in the order of 100s of kilometres) (Limpus, Limpus,
Parmenter, Hodge, Forrest, & McLachlan, 2007). Movement is likely to occur in
conjunction with the drying of habitats during the dry season, with turtles moving into large
pools, which act as dry season refuge habitat (Limpus, Limpus, Parmenter, Hodge,
Forrest, & McLachlan, 2007)C. longicollis is known to migrate overland in a strategy to
seek out quality food sources (Chessman, 1984).
5.7

Macroinvertebrates

Macroinvertebrate communities are an important part of aquatic ecosystems and are key
components of many aquatic food webs. They also directly influence many aquatic
ecological processes such as primary production, sedimentation and the processing of
organic matters (e.g. by shrimps and crabs).
The types of macroinvertebrate communities that may be present in an aquatic ecosystem
will vary according to the physical, biological and chemical attributes of that waterbody.
The spatial and temporal distribution of macroinvertebrate communities within an aquatic
ecosystem is dependent on a variety of factors, such as the hydrological conditions of the
waterway (flow, depth); the composition and structural complexity of the habitat (presence
of pools and riffles, snags and water plants); and the chemical and physical components
of the water.
To this extent, macroinvertebrates are often used as indicators of the status of an
ecosystem. A number of indices have been developed and these indices were calculated
for samples collected from sites located upstream and downstream of the proposed
Combabula discharge point during the EIS surveys.


Taxa Richness: is a count of the taxa recorded from a sample. High values of taxa
richness are interpreted as indicating instream conditions are more favourable to
macroinvertebrates (Table 5.4).
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PET taxa richness is the number of families from the three orders of aquatic
insects: Ephmeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera
(caddisflies). Macroinvertebrates belonging to these orders are considered to be
sensitive to changes in their environment.
Stream Invertebrate Grade Number – Average Level (SIGNAL2): is an index that
has been derived from responses of aquatic invertebrate fauna, at family level, to
varying levels of pollution. Generally, this index is used to indicate the water
quality at a particular time and in the particular river or stream from within the
sample was collected. Only taxa that have been assigned a particular ‘grade’ are
included in the analysis.

Table 5.4: - Summary of macroinvertebratte index results from EIS study
Site

Taxa
richness

PET
richness

Wet

Dry

Wet

Dry

DS1

15

-

2

-

DS2

18

24

2

1

Yuleba Creek tends to dry quickly and few pools provide refuge for macroinvertebrate
communities during the dry season, as such only limited data is available for this creek.
From the available data, there are some seasonal differences in taxa richness. Lower
taxa richness during the wet season survey is common and usually a result of postflooding recruitment delays. This is common throughout the Condamine-Balonne River
catchment. These sites are similar in terms of PET richness, SIGNAL2 scores and
functional group structures between wet and dry season, with the a dominance of
generalist food preferences and a tolerance of a range of flow and substrate conditions.
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Figure 5.1: - SIGNAL2 (Family) bi-plot
The sites surrounding the proposed Combabula discharge point all fall into Quadrant 2 or
4 (depending on the season) (Figure 5.1). These sites can therefore be categorised as
comprising a dominance of more tolerant species, which is an indication of degradation or
could simply be a reflection of the temporary nature of these waterbodies. The placement
in these quadrants may indicate that water quality and aquatic habitat is impacted
throughout the study area from a range of landuses, however, SIGNAL2 is unable to
distinguish between stressors (natural or anthropogenic) so the low scores may or may
not reflect degraded water quality or habitat quality.
5.8

Aquatic habitat

Aquatic habitat quality can be described by ratings associated with naturalness (aquatic
and catchment), connectivity and special features. Yuleba Creek is considered to have a
good aquatic habitat rating, although the upper reaches of Yuleba Creek are subject to a
number of disturbances. This is a result of good channel and habitat diversity, minimal
surrounding land use impact and good riparian connectivity and shading. The upper
reaches have reduced habitat diversity and riparian connectivity.
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5.8.1

Aquatic Macrophytes

There are two aquatic flora species listed as rare under the Nature Conservation Act 1992
that have the potential to be present in the Condamine-Balonne River catchment, these
are:



Eleocharis blakeana; and
Fimbristylis vagans.

Eleocharis blakeana (family Cyperaceae) grows in ephemeral watercourses and is often
associated with brigalow and belah woodland and on clay soils (Harden, 1993).
Fimbristylis vagans (fringing rush; family Cyperaceae) is associated with clay pans, open
sedge land and sparse-tussock grasslands on shallow alluvial sand plains but may also
occur in other ecosystems (other species of Fibristylis are common in pastures of central
Queensland) (Anderson, 1993). None of these species were recorded during the EIS
process.
In general, macrophyte richness and abundance is low in the Condamine-Balonne River
catchment. Emergent macrophytes are the most common form, with common emergent
macrophytes including common reed (Phragmites australis), cumbungi (Typha spp.),
knotweeds (Persicaria sp.), sedges (Cyperaceae) and the introduced weed species para
grass (Urochloa mutica) ) ( (Van Manen, 2001); (frc environmental, 2009); (Hydrobiology,
2009)).
In general, there is a lower diversity and coverage of macrophytes in ephemeral
waterways than in perennial waterways, and communities are dominated by emergent
species. Ephemeral waterways do not offer good habitat for submerged macrophytes, as
these plants are sensitive to desiccation and die when ephemeral waterways dry out.
Similarly, ephemeral watercourses in the Condamine River catchment are generally
characterised by high turbidity (Hydrobiology, 2009) which may not allow sufficient light
penetration through the water column for the growth of macrophytes on the substrate.
Yuleba Creek has a very low abundance of aquatic vegetation, which is likely due to the
drought conditions.
Phragmites australis (common reed) was the only aquatic
macrophyte recorded from this creek during the EIS process.
There are however, two species of exotic macrophytes that are known from the
Condamine-Balonne River catchment; Alternanthera philoxeroides (alligator weed) and
Urochloa mutica (para grass) ( (Van Manen, 2001); (frc environmental, 2009);
(Hydrobiology, 2009)). Alligator weed is a Class 1 declared pest plant in Queensland and
a Weed of National Significance (WONS). Under the provisions of the Land Protection
(Pest and Stock Route Management) Act 2002, landowners must take reasonable steps
to keep land free of Class 1 pests. Para grass is not a declared plant under Queensland
legislation; however, its control is recommended.
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5.8.2

Wetlands

Several wetlands of national importance occur within the Condamine-Balonne River
catchment, of which the Balonne River Floodplain complex, including the Ramsar listed
Narran Lakes in the lower Balonne are relevant to the proposed Combabula discharge
point on Yuleba Creek. One of the objectives of the Narran Lakes Nature Reserve Plan of
Management is “maintenance of diverse, healthy and productive wetland habitat and the
value of the reserve as a major waterbird breeding area”. Adequate inundation is
recognised as being of fundamental importance to achieve this objective (NSW National
Parks and Wildlife Service , 2000) Section 40 of the Water Resource (Condamine and
Balonne) Plan 2004 provides rules for managing Narran Lakes filling flow events in order
to improved water availability for bird breeding. The rules must ensure that:
“If a flow event of a volume sufficient to fill the Narran Lakes Ramsar site under the predevelopment flow pattern occurs during the winter bird breeding months, water harvesting
must be reduced to 90% for the period of the flow event up to a maximum period of 10
days”
"The rules must also ensure that if both the following happen, water harvesting must be
reduced to 90% for the period of the flow event up to a maximum period of 10 days: a) the
Narran Lakes Ramsar site has filled during the winter bird breeding months and b) within
4 months after the sites has filled, a flow event that would re-fill the site under the predevelopment flow pattern occurs”.
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6.

Environmental Values

6.1

Environmental values

Environmental values (EVs) of waterways are protected under the Environmental
Protection (Water) Policy 2009 (EPP Water). They respond to the specific values of each
waterway; determined by physical, biological, social, economic and historical features. No
EVs have been prescribed for waterways in the Condamine – Balonne River catchment
under the EPP Water. The following is a list of EVs that may apply to the CondamineBalonne River, and tributaries of it, based on the EPP Water:










Ecosystem – the intrinsic biological value of aquatic ecosystems that are:
 Unmodified or highly valued (high ecological value waters)
 Unmodified in terms of biological indicators, but slightly modified with
respect to other indicators such as water quality (slightly disturbed waters)
 Adversely affected by human activity to a relatively small but measurable
degree (moderately disturbed waters)
 Measurably degraded and of lower ecological value than those waters
described in points A – C above (highly disturbed waters)
Primary industries – the suitability of the water for:
 Irrigation – of crops such as sugar cane, lucerne etc.
 Farm water supply – uses other than drinking water
 Aquaculture – such as barramundi or red-claw farming
 Human consumers – health of humans consuming wild or stocked fish or
crustaceans from natural waterways
Recreation and aesthetic values – the suitability of the water for:
 Primary recreation – health of humans undertaking activities where there is
a high probability of water being swallowed, e.g. swimming
 Secondary recreation – health of humans undertaking activities where
there is a low probability of water being swallowed, e.g. boating, fishing
 Visual recreation – amenity of waterways for recreation that does not
involve direct contact with the water, e.g. picnicking adjacent to the
waterway
Drinking water – the suitability of the water for supply as drinking water
Industrial uses – the suitability of the water for industrial use
Cultural and spiritual values – indigenous and non-indigenous cultural values
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6.2

Level of protection

Surrounding land-uses have impacted the catchment and consequently the receiving
environment. Subsequently Yuleba Creek and the main waterway, the Balonne River, are
considered slightly – moderately disturbed based on the classifications presented above,
and therefore be under Level 2 protection ( (Australian and New Zealand Environment
and Conservation Council, 2000), (Queensland Government, 2009)).
6.3

Draft environmental values

Draft EVs were defined for the study area based on literature review. A conservative
approach was taken to assigning EVs – if it is possible or likely that Yuleba Creek is used
for a particular purpose, this was included as an EV.
Based on the available information, the following is a preliminary list of EVs that apply to
the receiving environments:







Aquatic ecosystem (slightly to moderately disturbed)
Irrigation and farm water supply (does not include drinking water)
Stock watering
Drinking water
Primary, secondary and visual recreation
Cultural and spiritual values

The EVs of the receiving environments will be confirmed by DERM during the receiving
environment monitoring program (REMP) review process.
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7.

Water Quality Objectives

Regional water quality objectives (WQOs) are used to define water quality objectives
within a specific catchment. Regional WQOs are determined by the government, using a
‘reference-based’ approach, based on data collected at reference sites surveyed in
DERM’s regional monitoring program. The criteria for a reference site, and the methods
used to determine reference-based regional WQOs, are presented in Appendix 4.
Currently, there are no regional guidelines or regional WQOs for surface waters or
instream sediments in the Condamine – Balonne River Catchment. Once regional WQOs
are derived for the Condamine-Balonne River Catchment by DERM they will be
incorporated into future versions of the Queensland Water Quality Guidelines (QWQG)
(Queensland Government, 2009).
In the absence of regional guidelines, the Australian and New Zealand Water Quality
Guidelines for Fresh and Marine Waters (Australian and New Zealand Environment and
Conservation Council, 2000) default national trigger values, for slightly to moderately
disturbed ecosystems, are to be adopted as WQOs for the receiving environment.
Furthermore the default national trigger values for physico-chemical parameters and for
nutrients should also been derived using a ‘reference-based’ approach, and the default
national trigger values for toxicants in water and sediment on direct toxicity assessments
of the biological effects of these toxicants (Australian and New Zealand Environment and
Conservation Council, 2000), this is further discussed in Appendix 4.
It should be noted that default national guidelines (Australian and New Zealand
Environment and Conservation Council, 2000) are unlikely to be appropriate for use as
WQOs for intermittent and ephemeral inland streams apart from during baseflow
conditions which are rare (Queensland Government, 2009). Similarly, trigger levels for
toxicants in sediments were developed using data predominantly from the United States,
and may not be applicable for intermittent and ephemeral inland Australian streams
(Simpson, Apte, & Davies, 2005). Therefore, when regional or local guidelines are
derived they will be alternatively adopted.
Furthermore site-specific background values for the receiving environment will be
determined based on the data collected during the Receiving Environment Monitoring
Program (REMP) (Appendix 4). These background values will be specific to the Australia
Pacific LNG Project, and will provide an indication of the background (i.e. without impacts
from the proposed discharge(s)) condition of water quality. The same methods used to
derive regional WQOs can be used to determine background values (see Appendix 4 for
details).
Direct toxicity assessments will also be done to supplement the results of background
sampling, where a risk assessment (to be completed by Australia Pacific LNG) identifies
parameters of concern in the discharge.
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It is proposed that background values and ecotoxicology results, undertaken by Australia
Pacific LNG when appropriate, will be used to assist with reviewing licence limits and
trigger levels in the future. It is suggested that these values and tests will also be used to
assist with determining potential impacts to water quality in the receiving environment due
to the releases.
7.1

Default WQOs

To protect the following environmental objectives, their respective national guidelines
have been initially adopted:






Ecosystem protection of slightly – moderately disturbed ecosystems, based on the
default national trigger values for south east Australia (Australian and New
Zealand Environment and Conservation Council, 2000) 1
General farm water supply, including irrigation of crops, and stock watering
(Australian and New Zealand Environment and Conservation Council, 2000)
Drinking water (from the Australian Drinking Water Guidelines (ADWH; (National
Health and Medical Research Council, 2004))
Guidelines for primary and secondary recreation (Australian and New Zealand
Environment and Conservation Council, 2000)

A summary of key WQOs are presented in Table 7.1, whilst a full list of the WQOs is
presented in Appendix 4.
There are no specific published WQOs to protect the other EVs, but the following
guidelines apply:




Visual recreation – water should be free of: floating debris; oil and grease;
substances that produce undesirable colour, odour, taste or foaming; and
undesirable aquatic life such as algal blooms or dense growth of attached plants or
insects
Cultural heritage – protect or restore indigenous and non-indigenous cultural
heritage, consistent with relevant policies and plans

1

The receiving environment is at > 150 m elevation, therefore the trigger values for upland streams have
been used. Preliminary QWQG value has been used for conductivity, based on the 75th percentile of data
from the Condamine-Macintyre salinity zone.
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Note that there are currently no guidelines available for:









total suspended solids (TSS)
carbonate, bicarbonate and hydroxide
colour
chlorophyll-a
potassium or magnesium
sodium absorption ratio (SAR)
silicon, or
total petroleum hydrocarbons (TPH).
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Table 7.1: - Summary of key WQOs to protect EVs identified for protection in the
receiving environment
Environmental Value

Parameter

Units

Ecosystem
Protection

General Farm
Water Use
(including crop
irrigation)

Stock
Watering

Drinking
Water

Primary
Recreation

Secondary
Recreation

Physico-chemical
Dissolved
Oxygen
pH

%
saturation

Turbidity

NTU

Total
Dissolved
Solids (TDS)
Conductivity

mg/L

Hardness

mg/L
CaCO3

A

90 – 110

>80

6.5 – 7.5

µS/cm

6.0 – 9.0

5.0 – 9.0

25

500B

2,000 –
5,000.

1,000

2,985 –
19,400

950 12,200
500

60

Nutrients
Total Nitrogen

µg/L

250

Total
Phosphorus

µg/L

20

5,000 (long-term)
– 125,000 (shortterm)
50 (long-term) –
12,000 (shortterm)

Major Ions
Sulphate

mg/L

1,000

Calcium

mg/L

1,000

Sodium

mg/L

<115 –460

Chloride

mg/L

<175 – >700

500

400

300

Metals and Metalloids
Boron

µg/L

Fluoride

µg/L

c

370

500 (long-term)

5,000

4,000

2,000

1,500

A

Shaded cell denotes the most stringent WQO to protect all of the identified EVs, i.e. the value that has been adopted as the
default WQO.
B

th

Preliminary QWQG value based on the 75 percentile of data from the Condamine-Macintyre salinity zone.

C

Figure may not protect key species from chronic toxicity (this refers to experimental chronic figures or geometric mean for
species).
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8.

CSG Water Management Approach

Australia Pacific LNG has committed to find the highest and best use of water produced
on a case by case basis. Origin Energy on behalf of Australia Pacific LNG, has
undertaken numerous studies over the past three years culminating in the EIS. Lead by
the 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.
The parallel approach delineates between “base case” options and “optimisation” options.
Base case options provide a sustainable water management solution that can be readily
applied using existing technologies and customers. The base case options are seen as
the most effective way to manage water from day 1 of the Project, balancing the need for
surety of water management (avoiding delay to gas production) and sustainable practices.
In parallel Australia Pacific LNG is 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 with their development. Uncertainties regarding water 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 and groundwater and surface water monitoring programs are
implemented.
8.1

Option selection

As discussed in detail in the Australia Pacific LNG EIS, a five step rationale decision
model was adopted for the appraisal and selection of the base case CSG water
management options.
The model was used to define the water management
requirements, guide brainstorming and external investigative processes to develop
management ideas, evaluate issues using two recognised management processes and
result in the final CSG water management base case selection.
The selected management option was assessed using five internally selected criteria
which focused on aspects such as; regulatory approval requirements, minimum
environmental and community impact, sustainable practice, flexible capacity and
achievable implementation within the Project schedule. Stakeholder consultation and
environmental risk assessments were used to determine potential impacts. Both these
aspects are being continuously re-evaluated with ongoing stakeholder liaison and further
environmental monitoring, this is discussed further in section 17. Table 8.1 below,
provides a summary of the base case and optimisation case options selected. It defines
the five base case options for treated CSG water including; injection trials and beneficial
use of treated water in irrigation, construction and supply of the water to existing
agriculture and interim and contingency river discharge. The table also outlines the saline
effluent base case of brine ponds to landfill and the optimisation options of; pipeline to
ocean outfall, injection and salt re-sale.
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Ultimately Australia Pacific LNG expects that water management will involve the use of
multiple different options, for example a combination of river discharge, irrigation and
injection. Thus reflects the need to balance the volume, environmental and social risk
management of water handling.
Table 8.1: - Summary of Base Case and Optimisation management options for
treated CSG water and saline effluent
Treated CSG Water Management
Base Case







Beneficial re-use of treated CSG water to Australia Pacific LNG owned irrigation.
Beneficial re-use of water in construction and operation activity of the Project.
Supply of treated CSG water for beneficial re-use in existing agriculture.
Supply of treated CSG water for trial investigation to new technologies.
Interim and contingent discharge of treated CSG water to watercourses.

Optimisation



Injection in areas where suitable receptor aquifers identified. Technical and
economic feasibility to determine through a structured program of trials.
Aggregation and management of treated CSG water in conjunction with other
producers and suppliers.



Saline Effluent Management
Base Case



Encapsulation of solid salts in a suitable licensed regulated waste disposal facility

Optimisation





Brine concentration / salt crystallisation for high value sale or transport
Reinjection into coals or low value geological strata
Ocean discharge via dedicated pipeline to Gladstone area

With the evolution of this plan there has been a slight change in terminology from the
submission of the AAWMP. The term “base case” rather than “initial case” has been
adopted because once established, options selected may continue for the life of the
Project, with only a modification of scale for the incorporation of optimisation options.
Whilst the options represented in the “base case” partially reflect beneficial use, each
requiring a beneficial use EA, the term for future options has been refined from “optimising
beneficial-use” to “optimisation”. A move from the terminology of “phased” to “parallel” are
indicative of the development of optimisation options.
Australia Pacific LNG seeks approval for base case options presented in this plan.
Depending on option development, optimisation options are anticipated to be sought for
approval as an amendment to the EA provided in respond to the EMP.
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8.2

Regulatory framework and guidance

As previously discussed, the selection of CSG water management options is influenced by
regulatory approval; this includes consideration of changes to legislation and current
Queensland government guidance. The current Coal Seam Water Management Policy
(DERM, June 2010) categorises preferred and non-preferred water management options.
These categories are defined as:
Category 1 – preferred management options include:




Injection where detrimental impact unlikely
Untreated use where detrimental impact unlikely
Treatment to an agreed standard for agricultural, industrial and potable use

Category 2 – non-preferred management options include:





Disposal via evaporation dams
Disposal via injection where detrimental impact is likely
Disposal to surface waters
Disposal to land

All base case water management options are to include discharge of treated water
streams. Provision to local agricultural, construction water and irrigation are interpreted
as preferred management options (Category 1, dot point 3). Discharge to Yuleba Creek is
a category 2 option, and has subsequently been proposed to occur infrequently,
discussed further in section 9.
Consideration was also reflected in the selection of optimisation options:



Aquifer injection, initially of treated (permeate) and blended water
Aggregation and management of water in conjunction with other producers and
suppliers

It is assumed that Australia Pacific LNG’s optimisation options will both be considered as
treated beneficial re-use, therefore category 1 options (dot point 3).
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8.3

Water distribution

As demonstrated in the EIS, and discussed above, no one option provides a total solution
to CSG water management. In the 5 year development ramp –up, Australia Pacific LNG
intends to supply water for 5 key purposes. Listed below are the water uses selected for
the Reedy Creek WTF, in order of supply preference:
1.
2.
3.
4.
5.

Construction water
Aquifer injection trial
Existing agriculture
Irrigation – Australia Pacific LNG owned and operated
Managed River Discharge

The top three priority uses; construction water, aquifer injection trials and existing
irrigation, provide environmental and social benefit and aid in the development of
optimisation options. However initial investigations indicate that these uses (1 to 3) will be
of minimal volume and period, with supply to 1 and 2 varying during the five year period.
Australia Pacific LNG is therefore intending to establish its own irrigation operation,
utilising water from across the Combabula development area, treated to a high quality by
reverse osmosis at the WTF to be located at Reedy Creek. This will utilise the majority of
the water produced from the Combabula development area.
Variance in seasonal demand will be managed with irrigation storages, and with
infrequent discharges to watercourse intended during flood events. The rationale for
discharge during flood events is to minimise potential for harm to the receiving
environment, by pond overtopping and minimise land disturbance for storage ponds
requirements. Once committed, water supply to irrigation will be relatively constant and
Australia Pacific LNG will be reluctant to reduce supply for an alternate optimisation
option.
The balance between uses will evolve as the Project develops, as will confidence of water
production profiles. Figure 8.1 presents an indicative distribution of water supply against
potential demands. The graph indicates that the majority of water demand for both
construction water and aquifer injection trialing occurs prior to the main WTF
commissioning. It should be noted that the graph indicates no planned river discharge
because the approval we seek is only for discharge during extreme weather events and
during initial irrigation expansion (see section 9).
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Irrigation*

Permeate Flow (ML/d)
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Existing Agriculture
Aquifer Injection Trials*
Construction Use
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Reedy Creek WTF
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0

Date
* Predicted large seasonal variance – annual average volume presented.

Figure 8.1: - Indicative demand of treated CSG water from the Reedy Creek WTF
Water supply as a component of make good obligations will also be prioritised. However
it is noted that Australia Pacific LNG groundwater modelling does not indicate any make
good provision of water to be required in the first 5 years of development.
It is noted that water demands prior to the commissioning of the Reedy Creek WTF will be
partly supplied by the exploration pilots. These pilots are anticipated to occur in the
Combabula and Reedy Creek gas fields where temporary RO facilities are proposed for
short-term treatment.
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8.4

Optimisation

Within the EIS, Australia Pacific LNG made the following commitments:





Optimise commercial and beneficial water use through an adaptive approach
including:
 Water which can be readily supplied long-term will be contracted to
commercial customers
 Investigate opportunities for water to be managed in conjunction with other
producers including water aggregation
Actively investigate alternative water management technologies including aquifer
reinjection
Actively investigate improved water management technologies to address
beneficial re-use of brine

As noted above in section 8.1 and discussed later in section 13, Australia Pacific LNG is
proactively developing opportunities for aquifer injection. Trial injection and monitoring
bores have been installed at the Spring Gully development area, into the Precipice
Sandstone, with trials scheduled to begin in early 2011. Meanwhile desk and field studies
have progressed within Combabula to assess the injectivity potential and water quality of
the target aquifers.
Aggregated water supply, as a beneficial use for agricultural and industrial customers is
progressing with key decisions anticipated in 2011.
Three target areas are being developed in relation to brine management. These are:




Reduce – brine concentration and crystallisation trials planned to occur 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

The optimisation list as present in Table 8.1 is not exclusive, as options such as solar and
algae ponds are still being investigated, however are anticipated to be on a smaller scale
and require significant further development prior to engineering design or trialing.
Provision of potable water has also been omitted from the initial list presented in the EIS
version of the AAWMP; this is in response to changes in the testing requirement for
provision of CSG water.
Furthermore base case options are also being progressed, with several investigations
anticipated to be complete in the following months; these include irrigation suitability
investigations, brine decommissioning plans and aquatic ecology studies.
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9.

Interim and Contingent Discharge to Watercourse

9.1

Benefits and constraints

Australia Pacific LNG’s proposed base case treated CSG water management, for which it
seeks approval, incorporates interim and onward contingent discharge of appropriately
treated water to a Yuleba Creek. This element is fundamental to the base case plan as it
provides:






Ready implementation
Operational flexibility
Limited contractual arrangements and associated risks
Highly flexible and low-cost base from which to transition to other water
management options
Reduction in the land disturbance area which may otherwise be required for
contingency storage ponds

A fundamental constraint of this approach is the potential for harm to the aquatic ecology
of Yuleba Creek and subsequently the Balonne River if the balance of ‘low flow’ and ‘no
flow’ periods are significantly altered. As such, it is proposed that discharge from Reedy
Creek WTF will be on a contingency basis, and should only occur when Yuleba Creek is
flowing.
Contingency release to the creek will be managed to have minimal environmental impact.
9.2

Location of discharge

The proposed permeate discharge from the Reedy Creek WTF is to be located adjacent
to the WTF, along a reach of the Yuleba Creek, upstream of the Yuleba township. The
proposed discharge area is also upstream of the confluence of Yuleba Creek and the
Balonne River.
The proposed reach was initially selected to site a release due to its close proximity to the
Reedy Creek WTF. It is proposed that a range of investigations will be conducted to
determine if there is a suitable release point within the reach. Items being considered
during these investigations are:





River geomorphology – flat banks with stable soils are preferable to steep banks
so as to reduce the potential for erosion and sediment mobility
Boundary conditions of the stream at, and downstream of the release point
Accessibility to Reedy Creek WTF
Bank and bed sediment type (particularly with regard to any dispersive qualities)
and the presence and abundance of riparian and aquatic vegetation are important
controls of channel stability
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Items of ecological/environmental significance along discharge pipe route
Proximity to other disturbances (i.e. pipeline crossing the Yuleba Creek),and
Potential route from Reedy Creek WTF; low downslope gradient for pipeline from
the facility will to reduce pumping requirements, shorter pipeline length to reduce
disturbance

The reach under investigation for a suitable release point is shown in Appendix 5, relative
to Yuleba WTF.
9.3

Proposed method of discharge

It is proposed that treated water be discharged in accordance with an agreed flow regime
from the Reedy Creek WTF into the Yuleba Creek. The discharge of water will be
conducted through an appropriately engineered discharge structure designed to dissipate
the energy from the flow and minimise flow velocity prior to entry into the main river
channel.
Appendix 6 contains two engineering drawings that show the structure designed for
Talinga WTF discharge. The first drawing depicts the discharge structure which
attenuates flow and the second drawing is of a structure designed for bank stabilization
where the water drops from the river bank into the main channel of the Condamine River.
A discharge structure with similar intent will be engineered for the Reedy Creek WTF
discharge according to the specific needs of the final release location. It will be
engineered with consideration of the specific geomorphology, and soil type at the release
location and the volume of water to be discharged.
For reference, the particular features of the Talinga WTF discharge structure which are
used to mitigate velocity of flow and potential impacts to the river are:





9.4

Construction of a manhole upstream of the headwall will act as a drop structure,
and cause significant energy losses
Tee piece fitted to the end of the outlet pipe to dissipate the flow
Concrete apron and gabion baskets to slow the flow and allow the stream to reach
a stable velocity and configuration prior to entering the main channel.
Location of the outlet structure on a side channel of the river to allow space to
manage the outlet stream, in the event of changes to the river structure during
major flow events
Proposed flow regime

The Australia Pacific LNG Project intends to release water to a local watercourse as a
means of managing the high quality water it produces from the Reedy Creek WTF.
Environmental assessments considering both geomorphology and aquatic ecology noted
the risk of negative potential impacts to watercourse habitat is increased as the magnitude
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of flow frequency and volume moves away from its pre-development regime. Release to
watercourses is to be managed using two alternate regimes, discussed below in the
respective sections:


9.4.1

Interim river discharge
Contingency river discharge
Interim river discharge

The CSG water production profile is fundamentally a function of gas production
management. The rate and staging of de-pressurising the coals, is adapted to achieve a
gas extraction plateau across the Project. While sampling and test work is extensive prior
to full scale field development, the nature of coal seam gas often results in individual well
performance being significantly different from that predicted. With the extensive
development of the initial gas field areas, as presented in Figure 3.2, CSG water flow in
the Combabula development area is anticipated to escalate dramatically during the rampup period 2013 -2015. Some water ramp-up variance will be managed with crop selection
and design, with some broadacre crops taking up to 150% the optimum demand for short
periods. However to further manage this ramp up profile uncertainty it is proposed that an
interim period of discharge is licensed. The Interim discharge license, from January 2013
to January 2014, would assist with the sustainable development of the irrigation assets;
manage the need for extensive redundant buffer storages whilst providing flexibility in use
of treated CSG water in construction and injection trial applications.
The proposed discharge location at Yuleba Creek, adjacent to the Reedy Creek WTF, is
in the catchment area headwaters and therefore small and ephemeral in nature.
Consequently Yuleba Creek has limited capacity to receive treated CSG water without
causing environmental harm, particularly over long periods of time. As such, and
recognising that this management approach is not preferred under the CSG water
manage policy (June 2010), a priority based system has been proposed to demonstrate
that river discharge is the least preferred option at this location. The following provides an
outline of the order of consumption at the Reedy Creek WTF:
1.
2.
3.
4.
5.
6.
7.

Construction water
Aquifer injection trials
Existing agriculture users
Irrigation – Australia Pacific LNG owned and operated
Irrigation storage
WTF upstream and downstream buffer storages
River Discharge

Australia Pacific LNG is committed to reduce the volume and frequencies of releases to
Yuleba Creek. To demonstrate this once greater certainty of flow rates are available, a
water balance using a probabilistic assessment of water profile forecasts and redundant
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infrastructure will be undertaken to indicate the real probability of a stream discharge
during this interim (ramp up) period.
9.4.2

Contingency river discharge

By January 2014 it is considered that a better understanding of the well pressure in the
contributing fields will be held. With a more constant predictable water profile, flow can be
managed almost entirely by the proposed irrigation project.
The stage 1 irrigation project comprises of 990 ha of irrigated broadacre crops plus
approximately 2400 ML of storage which should be sufficient to manage 26 ML/d of
treated CSG water. The dam will provide for the seasonal management of irrigation water
and will allow permeate production from the WTF to be matched to crop demand. The
dam allows water to be stored over winter, when crop demand is less than WTF output,
and used over the summer when crop demand is higher than the WTF output. The dams
will also allow for the storage of water during periods of above average rainfall. The sizing
of the pond has considered:





Seasonal (by fortnight) use of water for irrigation;
Daily production of permeate;
Number of days of rainfall, therefore days of no irrigation;
Direct rainfall

Of these, it is the allowance for no or limited irrigation due to prolonged rainfall that has
the potential for requiring significant contingency water storage. For example at 26 ML/d
of treated CSG water production, 10 days of heavy rainfall would result in a requirement of
260 ML storage, whilst 100 days of (almost continuous) rainfall, would require an
additional 2600ML.
The option of discharging water into the Yuleba Creek during periods of prolonged rainfall
will reduce the requirement for a large contingency storage and associated land
disturbance. Referred to as a ‘contingency discharge’, the discharge would primarily be
used when above annual average consecutive days of rainfall occur.
A “contingency discharge” would allow for release of water to the creek during prolonged
rainfall events to allow optimised irrigation pond sizing and management. See Figure 9.1
below.
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1. Approaching wet season – irrigation
storage dams low in anticipation of reduced
irrigation take and periods of higher rainfall

4. Following extreme rain, a period of low
irrigation demand combined with ongoing
CSG-water production can be managed
within storage capacity by contingency
discharge.

2. Period of extreme rainfall > 1:10 ARI

3. Managed pumping of water to
contingency discharge from dams to creek
during period of high creek flows

Figure 9.1: - Contingency discharge: How discharge to watercourse during extreme
rainfall events can help minimise pond sizing and improve pond management.
9.5

Treated CSG w ater quality

The treated CSG discharge water quality, from Reedy Creek WTF, has been derived by
considering the draft EVs of Yuleba Creek and ultimately the Balonne River as it receives
flows from Yuleba Creek, as well as the potential performance of the Reedy Creek WTF.
A discussion of the receiving environment water quality and EVs (aquatic ecosystem,
agriculture and drinking water) in relation to treated CSG water quality is contained later in
this section.
The quality of water discharged from the Reedy Creek WTF will be similar to the quality of
water discharged from the Talinga WTF. It is anticipated that the release limits for Reedy
Creek WTF will be similar to those specified for Talinga WTF discharge, with some
refinement of limits based on the experience gained operating the Talinga WTF.
The limits currently imposed on the discharge from Talinga WTF are shown below in
Table 9.2 for environmental parameters.

commercial-in-confidence

Q-4200-45-MP-0001

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

51

Combabula CSG Water Management Plan
There are four parameters for which Australia Pacific LNG proposes the discharge limits
be revised based on the operational experience gained at Talinga WTF. These are
conductivity, sodium, sulphate and temperature.
Australia Pacific LNG proposes that the permissible conductivity range be expanded to ≤
500 µS/cm. Currently, filtered CSG water is added to the RO permeate to boost the
conductivity to fall within the required range of 200 ≥ 500. This action also increases the
sodium content of the treated CSG water, which is considered undesirable. A conductivity
range of ≤ 500 µS/cm would allow for the necessary chemical addition required for pH and
alkalinity adjustment, and final conditioning of treated CSG water with calcium and
magnesium to occur without requiring deliberate addition of salts to boost the conductivity.
Similarly for sulphate, Australia Pacific LNG proposes that the permissible range be ≤ 9
ppm. Currently sulphate is added to the treated CSG water at Talinga to ensure this
parameter falls within the required range. The environmental benefits of maintaining
sulphate in the current range is not clear. A minimum WQO value for sulphate has not
been defined for ecosystem protection, suggesting it is not of critical importance. Due to
the accuracy of testing for sulphate, the operating range is effectively reduced to a very
narrow band of approximately 4-7ppm causing operational difficulty for potentially limited
environmental benefit.
It is proposed that a single consistent limit for sodium be imposed on a year-round basis
to streamline the compliance management of this parameter. The summer and winter
periods for Talinga are not well defined and subsequently difficult to manage, especially
given the need at Talinga to add filtered water which contains sodium to boost
conductivity to within the required range. A year-round compliance limit of 80 mg/L is
proposed.
The temperature of CSG water contained in the feed pond and subsequently treated and
discharged from Talinga has been observed to vary diurnally with the prevailing ambient
temperatures. It is proposed to continue monitoring these temperatures to better
understand how this system behaves in comparison to the temperature in the river. Once
this comparison is better understood, it is proposed that discharge licence limits for Reedy
Creek be specified so as to maintain a balance between ecosystem protection and
operational constraints.
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Table 9.1: - Environment discharge water quality specification for Talinga WTF and
proposed refinements for Reedy Creek WTF

Physiochemical Parameters

Talinga WTF Release Limits*

Proposed Refinements for
Reedy Creek WTF Release
Limits

Electrical conductivity (µS/cm)

200 - 500

≤ 500

pH (pH Unit)

6.5 - 8.5

No change

2

No change

+/- 2**

Monitor

191

No change

Chloride (mg/L)

22 - 120

No change

Sulphate (mg/L)

3-9

≤9

Calcium (mg/L)

>5

No change

Magnesium (mg/L)

>1

No change

60 (Winter short term 80
percentile)

80

Dissolved oxygen (mg/L)
Temperature (°C)
Suspended Solids (mg/L)

Sodium (mg/L)

75 (Summer short term 80
percentile)
80 (Maximum)
Hardness

Monitor***

Monitor****

Alkalinity (mg/L)

Monitor

No change

SAR (mg/L)

Monitor

No change

Notation:
*Values extracted from Walloons Environmental Authority - PEN100067807
**Background temperature as measured in the Condamine River in the first permanent pool up stream of the discharge
location.
***Measured at Bedarra Gauging Station 2km downstream of discharge site
****Hardness monitoring location to be revised to the treated CSG water as described in Appendix 7 CSG Water Quality
Monitoring Program. Hardness monitoring in the Condamine River will be conducted as described in Appendix 4 Receiving
Environment Monitoring Program.

9.5.1

Receiving environment water quality discussion

The description of the existing environment, section 5, provides a summary of water
quality analysis undertaken on relevant reaches along the Condamine-Balonne River that
was conducted as part of the EIS. It discusses that generally water quality of sites both
upstream and downstream of the proposed Combabula development area discharge point
reflected water quality results of the Condamine-Balonne River catchment. That is, the
sites are highly turbid, low in dissolved oxygen and are high in nutrients; furthermore
concentrations of aluminium and copper were high, although this is likely to be a reflection
of the combination of regional geology and existing anthropogenic sources.
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As mentioned in section 6 and 7, no specific EVs or WQOs have been established by the
government for any of the catchments within the Australia Pacific LNG Project; therefore
the QWQG apply. As discussed previously in section 7, default WQOs have been used in
the absence of prescribed regional objectives for the protection of EVs.
The existing environment water quality, EVs and WQOs are discussed in further detail in
the Receiving Environment Monitoring Program (Appendix 4). A discussion relating the
EVs of aquatic ecosystem, drinking water and agriculture water quality (stock and
irrigation), pertinent EVs for Yuleba Creek and ultimately the Balonne River and the
influence of treated CSG water is provided below.
Aquatic ecology
Reverse osmosis can result in the removal of elements essential to species development.
For example calcium concentrations in RO permeate is such that crustaceans in local
environments may have insufficient calcium for the regeneration of exo skeletons.
Although impacts may only be significant to local smaller species, food chain impacts can
result in wide spread impacts to stream health including stream flora and fauna.
This adverse impact was identified from discharge of treated CSG water to Eurombah
Creek (Spring Gully) where CSG water contained low calcium concentrations (less than 5
mg/L). Australia Pacific LNG is now dosing treated CSG water for discharge with calcium
at the Spring Gully WTF, when appropriate. As the need to release treated CSG water is
likely to occur from Reedy Creek WTF, calcium concentration will be boosted, to levels
equal to or greater than 5 mg/L, before release.
EECO  also discussed the ecosystem implications of the quality of permeate (2009,
p43-44) relative to the Talinga area, which, similar to Yuleba Creek, is also part of
theCondamine-Balonne river catchment:
Nitrogen and phosphorus concentrations in the Talinga ecosystem are
relatively high and exceed ANZECC trigger values. [This is also true for the
concentrations of nitrogen and phosphorus in Yuleba Creek.] Permeate will
have lower concentrations of nitrogen and phosphorus than river water and ...
its inflow can only reduce the concentrations of these plant nutrients in the
river: an improvement in water quality.
The highly turbid water severely limits primary production in the Condamine
River. [Treated CSG water] is a clear solution and its addition to the river
might improve clarity in the river. Even though nutrient concentrations would
also be reduced the improved light penetration might stimulate primary
production. This would be a beneficial outcome for ecosystem dynamics.
Discharge from the Reedy Creek WTF is only being proposed on a short-term,
contingency basis, to occur when Yuleba Creek is flowing, with the likely discharge
timeframe being in the order of weeks. This management of the discharge will help
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preserve the ephemeral nature of the creek and the range of habitats created when flow
ceases and pools and connecting zones dry out. The rate of water loss from pools could
be expected to slow down following a discharge event, however the as the time frame for
discharge is weeks and not years, the impact on the biodiversity of the receiving
environment is not anticipated to be significant. EECO (2009 p 44) discusses:
During extended periods of zero flow from upstream, pools would normally
shrink, and become completely dry in some cases. The inflow of permeate
would slow the rate of water loss and create a more stable habitat volume.
The connecting zones will provide additional habitat that would not be present
upstream at these times. The most likely biological response would be a shift
in the relative abundances and spatial distribution, of resident species
compared with pools upstream of the discharge. Such changes constitute a
change in 'biodiversity' (biodiversity means more than just number of species),
and they would only become evident after a long lag phase (years not weeks
or months).
Drinking water guidelines
The township of Surat is located 52 km downstream of the confluence of Yuleba Creek
and the Condamine-Balonne River. Surat sources its town drinking water supply from the
Balonne River; hence flows discharged from Reedy Creek WTF, although diluted will
conceivably become a constituent of the town drinking water supply.
The draft WOLA bill, discussed above in section 2.7, once enacted is anticipated to
prescribe CSG water as a recycled water that should be managed in accordance with
legislation provided in the Water Supply (Safety and Reliability) Act (Queensland
Government, 2008). The legislation requires discharges of water sourced from recycled
water, despite treatment, (i.e. CSG water), to be in accordance of the Australian Drinking
Water Guidelines (ADWG) (National Health and Medical Research Council, 2004).
The Office of the Water Supply Regulator (OWSR), a subordinate of DERM, is the chief
executive of the Water Supply Act and undertakes the administration and auditing in
relation to ADWG.
Appendix 4, the Receiving Environment Monitoring Program, provides a list of the quality
parameters and values to protect the EV drinking water. Parameters of interest for public
health will also be monitored during an initial characterisation of CSG water conducted
prior to river discharge and on an ongoing basis during operation of the Reedy Creek
WTF. This monitoring is detailed in Appendix 7 – CSG Water Quality Monitoring Program.
Australia Pacific LNG will comply with the limits specified in the governing EA in relation to
public health.
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Agricultural water quality
Water extraction from the Balonne River (the destination of flows from Yuleba Creek) for
agricultural application is a common use. Irrigation in the Condamine-Balonne River
catchment is generally of crops that are classified as Moderately Tolerant or Tolerant to
salinity. Moderately Tolerant crops include; barley, maize, cucumber, lucerne, safflower,
sesame and sorghum. Tolerant crops include: cauliflower, cotton, sugar beet and
sunflower. Water quality requirements are discussed further in the irrigation and existing
agriculture use sections 10 and 12 respectively. Table 12.1 provides the low-risk trigger
values for livestock drinking water and moderately tolerant crops. Guidelines suggest that
adverse effect would not be expected to livestock if the salinity of the drinking water was
below 5,000mg/L.
EECO (2009) suggested that during low flows permeate may change the chemical
composition of water extracted from the Condamine River; similarly this would be
anticipated for Yuleba Creek. As a result of treatment of CSG water by RO,
concentrations of dissolved materials in treated CSG water will be lower than natural river
conditions. EECO (2009) also stated that it was unlikely that dilution of river water will
adversely affect its suitability for agricultural use.
9.6

Potential impacts

Table 9.2 below lists potential impacts identified for stream discharge to Yuleba Creek.
The management and mitigation of these impacts is discussed in section 9.7.
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Table 9.2: - Potential impacts of discharge of treated CSG water to watercourse
No.
1

Potential Impact
Mechanism
Change in
geomorphology due
to increased flow

Potential Impacts
Stream power is frequently quoted as an indicator of potential for geomorphic change. Preliminary hydraulic modelling predicted varied
impacts on stream power within the Condamine River due to increased flow. However, the Condamine River is classified as unpredictable
and intermittent, both with regard to base and high flows. Constant and/or high flow discharges need to be assessed as continuous and
magnitudinal changes rather than discrete events. The modelling indicated that little impact would be a result in wet periods such as
January – May, however impacts in the dry season may occur in the short-term, especially on steep watercourses.
General geomorphic impacts relating to these changes in flow are expected to result in:







Exacerbation of existing gullying at the gully confluence with the main channel, particularly those more recently formed examples
Notch erosion resulting from reduced variability of flows downstream of the release points
Increased bank failures resulting from notch erosion
Increased bank instabilities resulting from increased wetting of banks consisting of dispersive clays
Exacerbated meander migration resulting from treated CSG water discharge close to meander bends
Increased entrainment of bed sediments, resulting in redistribution downstream

Modelling further determined that between low flow conditions and up to bank full conditions, the additional discharges to the Condamine
River are not likely to result in significant geomorphologic impacts. Within the Yuleba Creek predicted velocities and stream powers are
relatively high; therefore changes in defined in the Condamine River are relatively likely.
2

Localised erosion at
discharge points
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No.

Potential Impact
Mechanism

Potential Impacts

3

Impacts to Aquatic
Ecology from
change in flow
regime

Native aquatic flora and fauna have adapted to intermitted flow environments that existing in minor watercourses. There are conflicting
opinions within the scientific community as to whether changes to community structure resulting from continuous discharges however, there
is consistent agreement that the impacts associated with sustained base flows are unlikely to directly impact the fishes within the study area.
There are also concerns for smaller macroinvertebrate species that may have issues regarding the maintenance of aquatic refugia and
tolerance to constant flows.

4

Impacts to Aquatic
Ecology from
inappropriate water
quality discharge

Water Quality sampling undertaken and collated as part of the Queensland Water Quality Guidelines (Queensland Government, 2009)
identified the mean salinity for the Condamine – MacIntyre Zone was 355 µS/cm (227.2 mg/L), with 90 and 10 percentile values of 755
µS/cm (483.2mg/L)and 189 µS/cm (121 mg/L) respectively. Discharge of untreated CSG water will impact both local aquatic flora and fauna,
with impacts exacerbated during periods of no or little flow. Parameters are identified as potential contaminates to the aquatic environment
at specific levels.
Conversely some treatment methods can result in the removal of elements essential to species development. For example Calcium
concentrations in RO permeate is such that crustaceans in local environments may have insufficient calcium for the regeneration of exo
skeletons. Although impacts may only be significant to local smaller species, food chain impacts can result in wide spread impacts to stream
health including stream flora and fauna.
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9.7

Discharge management

Table 9.3 below indicates the control measures that will be put in place to mitigate the
potential impacts identified in section 0. Mitigation and control measures are specific to
the potential impact and include a range of actions such as:





Monitoring the receiving environment for changes in aquatic ecology and
geomorphology to identify any impacts that have occurred so appropriate
management and where required, rehabilitation measures can be enacted
Engineering controls to ensure the quality and velocity of water discharged
Specific discharge flow regimes agreed upon with DERM which take into account
existing river flows
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Table 9.3: - Proposed mitigation measures for discharge of treated CSG water to watercourse
No.

Potential Impact
Mechanism

1

Change in
geomorphology due
to increased flow

2

Localised erosion at
discharge points

3

Impacts to Aquatic
Ecology from
change in flow
regime

Australia Pacific LNG will undertake monitoring of aquatic ecology response to additional flow, especially as some research suggests
improved ecological conditions. See Appendix 4 for details of the Receiving Environment Monitoring Program.

4

Impacts to Aquatic
Ecology from
inappropriate water
quality discharge

Queensland Government policy requires CSG producers to treat their water unless it can be injected directly into aquifers of equal or poorer
quality, or an environmentally safe direct use for the untreated water has been found. Hence water will be treated and conditioned prior to
discharge to watercourses. See Appendix 7 for details of water quality monitoring programs proposed.
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Where proposed discharge rates may cause scour and erosion damage to local bed and banks, engineering controls to diffuse stream power
will provide localised control of velocity reducing scour and erosion at the discharge location.
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10.

Irrigation

10.1

Introduction

The irrigation described in this section is intended for crops grown on Australia Pacific LNG
owned and operated properties within the Combabula development area. Water supply to
existing agricultural operations, within the Combabula petroleum lease is discussed in
section 12 of the plan.
Irrigation is specified as a preferred management option for CSG water in the Coal Seam
Water Management Policy (Queensland Government, Department of Environment and
Resource Management, June 2010) and has a general beneficial use approval (Queensland
Government, Department of Envirnoment and Resource Management, March 2010). As a
proven technology, with limited external risk and legislative approval, irrigation has been
selected as a base case CSG water management option for the Combabula development
area.
However, water for irrigation needs to be carefully managed in accordance with operational
guidelines, for aspects such as: irrigation method, water volume application and water and
soil chemistry, to represent a beneficial use. Furthermore Australia Pacific LNG proposes
irrigation on Good Quality Agricultural Land (GQAL), and therefore will be required to apply
for a specific beneficial use approval. This section describes the irrigation scheme that is
proposed for the Combabula development area.
As discussed in the following section, property selection for the proposed irrigation at
Combabula is yet to be finalised. As such, specific water and soil chemistry assessment
have been unable to be fully detailed. The following section provides likely site conditions,
based on information of land in the tenement and existing Spring Gully approved irrigation
property. Site specific information will be provided in application for a specific beneficial reuse approval.
10.2

Location

To manage the development of the field, hence escalation of CSG water production and
uncertainties relating to the CSG water profile, the irrigation scheme will be developed in
three stages during the Project life. Nominally these will be executed in 2013, 2018 and
2020 and using the existing water profile predictions will use up to 46 ML/d on approximately
1734 ha of irrigated land. This EMP is focused on, and seeks approval for, the development
ramp-up, and hence considers only the initial development stage that equates to
approximately 26 ML/day, requiring 990 ha of irrigated crops and pasture.
Australia Pacific LNG proposes the selection of Good Quality Agricultural Land (GQAL) for
irrigation development. An initial review of properties located near the Reedy Creek WTF
identified four potential locations to be considered for irrigation at the Combabula
development area, based on a review of the land suitability and proximity to the WTF. The
final location will be determined using the following criteria:
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Potential for efficient irrigation design
Conflicts with existing and future gas infrastructure
Frost risk
Distance from the WTF
Soil suitability. Including; depth, gilgai and soil nutrient deficiencies
Slope
Presence of rock outcrops
Environmental considerations, including potential for soil erosion and drainage
Stakeholder and community conditions

As property acquisition negotiations are still ongoing, the location and property specifics
cannot be discussed in this document. Once property selection is complete, additional
information will be provided to DERM, this is discussed further in section 10.10.
Water pipelines connecting the Reedy Creek WTF to irrigation properties are proposed to be
constructed within the same easement or trench as the gathering lines where possible. This
will reduce the impact to landholders and minimise the disturbance area.
10.3

Crop selection

Broadacre crops such as; wheat, sorghum and chickpeas have been selected for the
Combabula irrigation scheme. These crops are under consideration as they are suitable for
the prevailing conditions and markets within the region.
The specific crops grown will be reviewed on an annual basis and adjusted to optimise water
use and land management practices as well as in response to market demand. For
example:






Water optimisation - wheat and chickpeas can be planted in May and will utilise
water over winter, while grain and sorghum can be planted either in September and
use water in the spring or planted in December and use the water in summer.
Crop rotation - chickpea and mung beans are legume crops which provide a rotation
break from cereal crops and fix nitrogen, thereby reducing the total requirement for
nitrogen fertiliser.
Given market conditions - other crops, such as corn, peanuts, lucerne and cotton
may be appropriate depending on the economics of supply and demand. It is
expected that an annual review will be undertaken considering adjustment in
response to market factors.

commercial-in-confidence

Q-4200-45-MP-0001

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

62

Combabula CSG Water Management Plan
10.4

Irrigation method

There are several irrigation methods which have precise control over the water application
rates including drip, centre pivot and lateral move. It is proposed to use centre pivots as the
base case for irrigation at Combabula development area, with drip irrigation being used in
irregular shaped fields or in areas with unsuitable soils for spray irrigation.
The likely centre pivot design is approximately 33ha crop circles or 650m in diameter. Their
design and location will be determined prior to the siting of gas wells as they cannot operate
over the wells. The centre pivot irrigators are spray irrigation lines pivoting around a central
anchor point. They will operate at low pressure, and their relatively small size will mean
water output will not be too high at the outer extremity of the pivot.
Storage dams will be required to store the irrigation water during periods of low crop water
use and wet weather conditions. The storage will allow treated CSG water production from
the WTF to be matched to crop demand. The storage will also allow water to be stored over
winter, when crop demand is less than RO output, and used over summer when crop
demand is higher than WTF output.
10.5

Reticulation and storage

It is estimated that total storage of 2400 ML will be initially required for stage one of the
project, where the output of water is less than 26 ML/day or 9,490 ML p.a. The storage
capacity will potentially include a 1400ML dam adjacent to the Reedy Creek WTF and a 1000
ML dam on the purchased property. It is possible that the undulating topography may allow
for a 3 sided storage, with no contributing outer catchment, to be appropriately designed.
Dam configuration will be determined once an additional property is secured.
Final site selection will be based in the underlying soil type, topography and environmental
condition. The dams will be clay based and approximately 4m deep (average). It is proposed
that these dams will not be synthetically lined, as they will contain only permeate, but
construction would be undertaken with seepage loss mitigation as a design consideration.
Furthermore each storage will be design, constructed and operated to the appropriate
Australian dam guidelines.
Water pipelines will connect the Reedy Creek WTF to the irrigation storage dams and are
proposed to be constructed within the same easement or trench as the gathering lines where
possible. This will reduce the impact to landholders and minimise the disturbance area.
10.6

Irrigation w ater demand

The Australia Pacific LNG-owned agricultural project from the Reedy Creek WTF has been
designed to utilise 26ML/d of water by irrigating broadacre crops and pasture. The crops and
pasture can accommodate up to 34ML/d for short periods of time to manage the fluctuations
in produced water. The project will be completed by mid 2013 to coincide with the
commencement of water production at the Reedy Creek WTF.

commercial-in-confidence

Q-4200-45-MP-0001

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

63

Combabula CSG Water Management Plan
It is estimated that a total of 990ha of land will be required, using an application rate of
7.5ML/ha per annum for cropping and 14ML/ha per annum for pasture. The water use can be
increased slightly, by growing two crops per year as opposed to three crops in two years or
by converting irrigation areas from crops to pasture, which has higher water use per ha. This
will provide some flexibility to cope with fluctuations in additional output from the Reedy
Creek WTF.
10.7

Irrigation w ater quality

Previously experience suggests that salinity of the irrigation water can be significantly
reduced via the proposed treatment (88 mg/l TDS from the WTF at Spring Gully), and
despite the moderately high SAR of 6.5 (Spring Gully WTF) irrigation should not result in soil
structural problems due to the natural buffering of the soils. It is expected the small amount
of sodium in the irrigation water will be offset by the large amount of calcium in the soil for
many years. The soils have a high cation exchange capacity and the organic matter levels
are also high. This helps to reduce the impact of sodium on soil structure.
However, according to traditional indicators there is potential for some soil structural
problems to develop and a monitoring and amendment process will be used to ensure no
structural problems develop, which will restrict the infiltration and movement of rainfall.
The water used for irrigation will be of high quality after treatment using reverse osmosis.
Further conditioning of the water may be carried out to counteract the small amount of
sodium in the water and adjust the SAR to appropriate values. Alternatively, it may be more
appropriate to apply calcium amendments directly to the soil to balance the sodium in the
water.
Irrigation water quality can have significant impact upon land and soils. The key issues
relate to the addition of salts in the irrigation water and the impact of irrigation on soils,
drainage and the potential mobilisation of salts in the soil profile.
10.7.1 Sodium calculations
Values from the Spring Gully WTF have been adopted for soil calculations. The sodium
content of irrigation water at Spring Gully, which is 24 mg/l. This means that in 7.5 ML/ha of
irrigation water applied there will be 180kg of Na.
The sodium content of the soils in the vicinity of Combabula is expected to be relatively low
in the surface soil layer compared to calcium. Similar brigalow clay soils on Spring Gully
soils have a calcium content above 15 meq/100g, which equates to 3006mg/kg and 2700kg
in the top 10cm of a hectare.
The SAR of the irrigation water is relatively high due to the low calcium content of the water
and is calculated at 6.5 assuming a similar sodium content of the water, as the output of the
Spring Gully WTF, of 24 mg/l, calcium of 0.2 mg/l and magnesium of 0.5 mg/l.
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10.7.2 Calcium required to adjust water SAR
In practice it would not be necessary to offset all the Na in the water.
necessary to reduce the SAR to a slightly lower level.

It may only be

If the calcium in the water is 0.2 mg/l. and the corresponding SAR is 6.5 the calcium level
needs to rise to 4 mg/l to reduce the SAR below 3. This would require 3.8 kg of extra
Calcium per million litres (above the 0.2 kg already in the water).
With Calcium nitrate having a Ca content of approximately 65% (40/(14 +(3*16)), this would
mean adding 5.8kg of CaNO3 per ML of irrigation water, or 43.5 kg for a total water use of
7.5 ML/ha over an annual period.
10.7.3 Gypsum requirement
It may be more economical and agronomically desirable to add calcium using surface
applications of gypsum. This is because the calcium will take longer to be dissolved and
have more effect on the soil structure at the surface if it is broadcast as gypsum, than if it is
applied with the irrigation water. The use of gypsum will also avoid any potential problems of
calcium carbonate precipitation in the irrigation equipment.
The gypsum (CaSO4) requirement to supply 155 kg of Ca/ha/yr. would be 666kg/ha/yr,
assuming 4.3 kg of gypsum is needed to supply 1 kg of soluble calcium. Such a quantity
could be provided by adding 2.66 t/ha of gypsum to the soil every 4 years. This is a relatively
low cost strategy and more economical and practical than water applied calcium.
The ANZECC guidelines for irrigation for water quality, and the anticipated water quality at
Reedy Creek WTF, is presented below in Table 10.1.
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Table 10.1: - Irrigation water quality guidelines and anticipate parameters
Parameter

Irrigation1

<3153

Total dissolved solids
pH (std. units)

Reedy Creek WTF treated CSG
water2

6-9

6.5 – 8.5

Calcium

<5

Magnesium

<1

Sodium

230-460

< 80

Chloride

350-700

22 – 120

Sulphate (as S04)

0–9

Aluminium

5

0.0083

Boron

0.5

< 0.5

Copper

5

0.00013

Fluoride

1

< 0.183

Iron

0.2

< 0.13

Manganese

0.2

< 0.013

Zinc

2

< 0.013

Nitrate (as N)

< 0.13

Nitrite (as N)

< 0.23

Total nitrogen

5

<1

Total phosphorus

0.05

-

Notations:
1. Irrigation trigger values sourced from ANZECC (2000)
2. Value from Reedy Creek basis of design
3. Anticipated values, taken from Talinga WTF treated CSG monitoring results
4. Units mg/L unless specified

10.8

Potential impacts

The land purchased for irrigation will typically be agricultural land that has already been
altered from its natural vegetative state. The potential environmental impacts that may result
from ongoing use of the land for irrigation include:







Clearing small areas of regrowth;
Increased potential for flooding and surface water runoff;
Land disturbance potentially affecting drainage patterns;
Mobilisation of salts and deep drainage;
Increased soil erosion; and
A decline in soil structure.

The following sections discuss each of these potential impacts and the irrigation
management that can be used to mitigate risks.
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10.8.1 Clearing
The irrigation will be developed on areas which have already been cleared. Some small
regrowth of vegetation, such as brigalow, belah or poplar box, will need clearing at some
proposed sites. This regrowth control will be consistent with accepted land management
practices and will be done to enable the growth of high quality crops.
Preparing land for irrigation will require a minimum amount of disturbance. Some levelling
may be needed on some land which has small gilgai (small, ephemeral lakes or ponds that
form in a depression in the land surface). General drainage patterns on farms will not be
changed, and the irrigation works for centre pivot irrigation will consist of underground
distribution pipelines and will not impede surface movement of water in the landscape.
10.8.2 Flooding, runoff and erosion
Soil erosion can be a problem with broadacre cropping, especially if the soil has been
irrigated prior to a significant rainfall event. Sediment-laden runoff can increase turbidity,
harm aquatic flora and fauna and disrupt natural geomorphic mechanisms.
This impact mechanism is of particular concern where land is steep, consists of highly
erodible soils or is adjacent to watercourses. Runoff from the irrigated cropping area will be
higher than for dryland cropping, but the increase is small and is not expected to enhance
flooding in local creeks or impact on floodplains.
Salt washoff exists primarily when irrigation of saline soils, both artificially and naturally,
results in the transport of salt to neighbouring areas. Impacts from runoff over saline soils
will be similar to the application of saline water, discussed below, and generally results in the
degradation of soil from alienation.
In addition to mobilising and moving salt, over-irrigation can also result in leaching of
chemicals (for example nitrogen) and pesticides. This can contribute to poorer off-site water
quality, potentially leading to contamination of soils and waterways.
10.8.3 Mobilisation of salts and deep drainage
One of the main environmental concerns about irrigation is that increased water in the soil
profile as a result of irrigation will mobilise salt in the soil profile and move it downwards into
groundwater, with the possible release of salt into streams or into the landscape as
seepages or soaks.
Typical soil profiles of clay soils in mid-western Queensland have concentrations of salt at
depth. These salts are moved down in the soil by normal wetting cycles and concentrated in
a ‘salt bulge’ at or just below the normal depth of the soil moisture wetting front.
Deep drainage is likely to be very small across the soils of Combabula. Two factors combine
to result in surplus rainfall moving off the land as surface runoff, rather than deep drainage.
Firstly, the combination of high intensity rainfall and low infiltration rates of the clay soils
means a significant runoff will occur in large rainfall events. Secondly, the movement of
water through the soil is very slow and particularly with the dense clay subsoils, typical of
brigalow clays in the Combabula region is restricted to a few millimetres of rainfall per year.
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In fact, this is why these soils have a build-up of salt in the subsoil – because they have
limited drainage to remove it.
Deep drainage is likely to increase with irrigation, but only marginally when irrigation is
managed to provide water to meet crop requirements and there is no ‘excess’. The small
amount of drainage may move the salt bulge downwards a little over a number of years but
should have little or no impact on salt moving to groundwater.
Figure 10.1 below shows a typical conductivity profile for clay soils beneath Brigalow scrub.
As discussed, the depth of the salt ‘bulge’ may deepen slightly over a number of years of
irrigation.

(Source: (Queensland Government, Department of Employment, Economic Development and Innovation, 2006))

Figure 10.1: - Conductivity profile of brigalow scrub cracking clay
Examination of landscapes being considered in other areas for irrigation provides no
evidence of deep drainage causing salinity outbreaks or rising water tables. There are no
soaks or springs or evidence of salty water evaporating from gullies or lower slopes on the
properties in the area of the irrigated cropping.
10.9

Soil structure

Soil structure describes the aggregation of soil particles (sand, silt, clay) and the pore
spaces. Soil structure decline is a detrimental change in these soil characteristics as a result
of land use. Soil structure decline increases run-off and the potential for soil erosion, which
may reduce water quality. Soil compaction is one of the causes of structural decline and
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may have other impacts as well as reduced infiltration, include poor crop establishment and
poorer root systems.
Soil structure can be adversely affected by an increase in sodium levels compared to
calcium. This can occur as a result of sodium being applied in irrigation water which also has
low calcium. Because the soils are high in calcium and only a small amount of sodium is
being applied, any effect on soil structure would take a long time to develop. Amelioration
with calcium applications, such as gypsum, as discussed under water quality will prevent the
sodium from causing damage to soil structure.
10.10

Irrigation management

Management of irrigation to maximise the performance of the irrigation system, which will be
measured by three main indices:




Application efficiency – delivering water to the crop, taking into account losses such
as evaporation, drainage and runoff
Distribution uniformity
Storage efficiency – meeting crop water requirements

A well designed irrigation system will provide good application efficiency and distribution
uniformity. The irrigation systems will be routinely monitored (using a computerised
monitoring system, local weather station data and feedback from soil moisture sensors) and
maintained to ensure the efficiency of the irrigation system. Refer to section 15 for
monitoring program details.
10.10.1

Management of water volumes

Significant volumes of irrigation water will be utilised across the projects, requiring water
scheduling and paddock planning to ensure relatively uniform distribution of water throughout
the year. On-farm storage will provide some buffer for uneven weighting of cropping pattern
or water use (due to economic, rotational or weather impacts).
10.10.2

Management of soil erosion

Soil erosion can lead to loss of nutrients and a decline in soil structure. Gullies can form or
get worse without good management.
Ground cover is the most important factor in minimising soil erosion, with soil movement
possible wherever soil is bare during land preparation. As the crops/pastures grow, they will
provide ground cover which will be maximised and maintained by controlled traffic and zero
tillage farming systems which represent best practice in today’s farming environment
Erosion management during land preparation will include maintaining surface roughness and
stubble cover from the ploughed out grass as much as possible. The final preparation,
involving a second discing and levelling in some parts, will be conducted on a ‘just-in-time’
basis, so there is a minimum of time between when the soil is finely worked and the
crops/pastures are planted.
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Gullies are a particularly vulnerable area for soil erosion. Where gully remediation has been
carried out, rock weirs will be constructed to hold soil in the gully, while grassing of gully lines
will be completed as quickly as possible after land preparation, with irrigation where
available.
Maintenance of soil structure and good infiltration is important for the control of soil erosion.
Soil cover and mulches will help this process. Compaction from machinery may also
significantly affect structure and infiltration. Machinery operations will be limited, as much as
possible, to times when the soil is dry and operated with appropriate tyres, pressures and
loadings to minimise compaction.
The combination of heavy crop residues from irrigated farming , zero-tillage, controlled traffic
and the use of an intensive cropping program which grows three crops in two years or two
crops in one year, will have a growing crop or heavy stubble cover on the ground at all times
and erosion will be minimal.
10.10.3

Management of soil structure

Soil structural problems may develop in the form of compaction, surface sealing and
dispersion due to sodium in the irrigation water. Compaction from traffic will be limited
because tractors and machines used for spraying and planting will be mostly running on
permanent wheel tracks or tram-tracks with three metre spacings which control the tractor
and harvester tracks and restrict compaction damage to less than 5% of the cropped area.
As shown in Figure 10.2, there is potential for some soil structural problems to develop from
a small amount of sodium in low salinity water. As discussed earlier a monitoring and
amendment process with gypsum (calcium sulphate) will be used to ensure no structural
problems develop, which will restrict the infiltration and movement of rainfall.

(source: (Queensland Government, Department of Environment and Resource Management, August 2009))

Figure 10.2: - Relationship between SAR and conductivity of irrigation water for
prediction of soil structural ability
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10.10.4

Pesticide and fertiliser management

Irrigated cropping by nature requires strategies to combat pests and diseases. Where
possible, integrated pest management procedures will be utilised in the crop production
system. Cultural practices of crop rotation and crop varietal selection are important
management tools in combating pests and disease. Use of beneficial predators will be
promoted in insect management strategies, however there will be occasions where
insecticide will be required to control insect infestations in various crops, or fungicide may be
used to protect against wind borne disease (e.g. aschochyta in chickpeas).
If pests arise, then consideration will be given to using parasites and predators or other
Integrated Pest Management techniques to avoid the need for artificial pesticides.
Weedicide use will be utilised across fallow and in-crop situations. Strict management
procedures will be implemented regarding the selection, application and timing of herbicides.
Soils at the proposed irrigated sites are quite fertile and are inherently moderate to high in
soil nitrogen. However, there will be need to replace nutrients removed through grain and/or
hay removal, through the use of legume crops and applied fertiliser. Methods such as
banded fertiliser application will be considered as part of the overall cropping strategy to
optimise fertiliser use.
Nutrient removal and nutrient levels of soils will be monitored over time to manage a balance
and avoid any build up of excess nutrients or long term fertility decline.
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11.

Construction Water Use

In keeping with Australia Pacific LNG’s commitment of water self-sufficiency; wherever
practical, construction water demands will be sourced from appropriately treated CSG water
produced in association with gas production. In this way, the amount of CSG water
beneficially re-used is increased.
Further, by re-using CSG water for construction; Australia Pacific LNG’s demand on the
Condamine-Balonne catchment, Great Artesian Basin (GAB) or other water resources is
reduced, thereby lessening the impact to the environment and other users.
Use of CSG water for dust suppression is an approved general beneficial use (Queensland
Government, Department of Envirnoment and Resource Management, March 2010).
Australia Pacific LNG intends to apply for specific beneficial use approval for CSG water use
for other construction related activities.
11.1

Locations

It is proposed that CSG water, treated to the appropriate level, will be used in construction
and commissioning of all activities where practicable. Due to the extensive distribution of low
pressure gathering networks and wells this will include the majority of the Combabula
development area. As discussed later in this section, key volumes of water demand are
located at the gas processing facilities (GPFs) and the Water Treatment Facilities (WTFs).
The existing environment at these locations is described below, and summarised in Table
11.1. Appendix 2 provides the geographic location and potential layout of the facilities within
the development area.
Table 11.1: - Combabula Area Facility Location Description
Location

Catchment

Sub-

Waterways

Primary Land Use

Topography

catchment
Reedy

Condamine -

Yuleba

Ten Mile Creek (N)

Grazing Cleared,

Low-

Creek

Balonne

Creek

Yuleba Creek (E)

sparse trees along

undulating with

creeks

steeper.

Forestry in

Headwater

headwaters

areas

River

Combabula

Pine Hills

Dawson

Horse Creek

Horse Creek West

Plantation forestry

Undulating-

River

(Main and

Branch (N) Unnamed

(top of catchment

hills, 50-60m

West

tributary of Horse

only), grazing

change in

Branches)

Creek Main Branch (S)

(cleared)

elevation

Condamine -

Yuleba

Cattle Creek (SW)

Grazing.

Low,

Balonne

Creek

Unnamed tributary of

Cleared land

undulating

River

Blythe Creek

Yuleba Creek (N)

land

Coxon Creek (W)
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11.1.1 Reedy Creek WTF and GPF
Ten Mile Creek falls within the site allocated for the proposed Reedy Creek WTF flowing
west to east. Yuleba Creek is located east of the site. The proposed WTF site is located on
the side of a ridge (refer Table 11.1) with focused drainage through the western area. The
site currently consists of grazing lands. There is an unnamed stream watercourse to the
south of proposed Reedy Creek GPF flowing into Yuleba Creek. Stormwater generated from
this facility will be directed into the Yuleba Creek tributary.
11.1.2 Combabula GPF
There are two creeks adjacent to the proposed Combabula Plant site (refer Table 11.1). The
unnamed creek to the south is a stream waterway that flows into the main branch of Horse
Creek, while Horse Creek (west branch) is a stream to the north of the site. Site slope falls at
less than 1% both north and south of the proposed site. The creeks are ephemeral. The site
is currently vegetated with closed eucalypt stands.
11.1.3 Pine Hills GPF
Pine Hills has three stream waterways adjacent to or located nearby (refer Table 11.1).
Cattle Creek is to the south east (about 1.4km away). Coxon Creek flows from the site to the
west. An unnamed creek flows from the site northwards to Yuleba Creek. These creeks are
all ephemeral. The site is predominantly flat and consists of cleared grazing lands.
Stormwater flows into either Coxon Creek or Yuleba Creek.
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11.2

Methods of use

Where appropriate; CSG water will be used for construction and commissioning activities in
the Combabula development area. Table 11.2 provides a list of potential uses for each of
the key development activities for the Australia Pacific LNG Project.
Table 11.2: - Construction water demands
Activity

Description

Rate

Drilling and well

Initial construction and drilling including dust suppression and

33 kL / day

completions

rehabilitation

Gas and water

Gathering and Tie-in Construction

340 kL / day

Hydrotesting water gathering network.

12.4 ML / 125 wells

Gas Processing

Construction including dust suppression and compaction of

1 ML / day

Facility (GPF)

development pad.

Gathering

Commissioning

200 kL / day

Water Treatment

Construction including dust suppression and compaction of

1.7 ML / day

Facility (WTF)

ponds.
Commissioning

100 kL / day

High Pressure (HP)

Dust suppression, pre and post work watering, "Right of Way"

220 kL / day

Network

roads and rehabilitation water.

Roads

1 ML/km construction water + 60kL/d dust suppression

160 kL / day

Vehicle wash down

Construction including dust suppression requirements

1 ML/D

Required to wash down vehicles

100 kL / day

A demand and supply plan for construction water use is currently being developed. This plan
will also include the delivery of CSG water to location of use. Presently it is suggested that it
will be supplied by either truck or pipeline, and where necessary will be held in appropriately
constructed storage ponds.
Due to the timing of the construction works, it is anticipated that some of the demand will be
supplied by the exploration pilots proposed at the Reedy Creek and Combabula gas fields.
CSG water from the pilots will be treated with temporary RO facilities to meet water quality
requirements.
11.3

Water demand

Total water demands and supplies from CSG water are yet to be determined. As mentioned
above, a demand and supply plan for construction water use is currently being prepared and
will be submitted for general beneficial use approval prior to construction activities. The plan
will review construction water use in relation to schedule and provide water demand profiles
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for each gas field. Figure 11.1 provides an indicative estimate of the water demands for
each of the Combabula gas fields for the construction of the proposed facilities only (i.e. GPF
and WTF).

3.00

Reedy Creek
Combabula
Pine Hills
TOTALS

Water Usage (megalitres per day)

2.50

2.00

1.50

1.00

0.50

Aug‐14

Jun‐14

Apr‐14

Feb‐14

Dec‐13

Oct‐13

Aug‐13

Jun‐13

Apr‐13

Feb‐13

Dec‐12

Oct‐12

Aug‐12

Jun‐12

Apr‐12

Feb‐12

Dec‐11

Oct‐11

Aug‐11

Jun‐11

Apr‐11

0.00

Figure 11.1: - Combabula area facilities construction water requirements
11.4

Construction water quality

Water quality for CSG water used in dust suppression is reflected in the general conditions of
approval of coal seam gas water for beneficial use (Queensland Government, Department of
Envirnoment and Resource Management, March 2010). It defines CSG water used in dust
suppression shall be:




the maximum concentration of total dissolved solids (TDS) shall not exceed 3,000
μS/cm;
the maximum sodium adsorption ratio (SAR) shall not exceed 15;
the maximum bicarbonate ion concentration shall not exceed 100 mg/L;
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dust suppression can only be carried out in a particular location for a period not
exceeding three months, whereupon more permanent solutions for dust suppression
shall be developed, if required.

Water quality parameters for compaction and commissioning will be undertaken on a site by
site, task by task basis and will be submitted with the specific beneficial use approval
application.
11.5

Potential impacts

There are potential environmental effects on land due to use of CSG Water in the
construction of gas field facilities; however these are readily managed with the
implementation of control measures and adherence with DERM regulations and guidelines
(refer Table 11.3)
Table 11.3: - Potential impacts of construction water use
No.

Impact Mechanism

Potential Impact Risks

1

Contamination from

Oversupply of construction water can result in runoff. Furthermore over spray or

construction water

wind drift of water beyond target area can also contribute to run-off.

leaving the specified

Use of poor water quality can result in:

2

site





Reduction in soil quality,
water logging of soils,
environmental harm to receiving waterways and plants and wildlife
coming into contact with the water

Seepage from



Release of untreated or partially treated CSG water to groundwater via
leaching of storage ponds may potentially impact groundwater quality.
Substantial seepage from storages holding both treated and untreated
CSG water can alter groundwater flow patterns by way of mounding,
whilst moderate seepage can adversely affect water quality in shallow
groundwater systems.

storage ponds

3

Contamination from





The application of high salinity water to relevant areas can reduce plant
productivity or can even be lethal to crops and native vegetation. Feed
water with elevated salt concentrations can cause physiological upset
and sometimes death in terrestrial animals. Water of marginal quality can
cause gastrointestinal symptoms and a reduction in weight gain, milk or
eggs production of livestock (Australian and New Zealand Environment
and Conservation Council, 2000)



Sodicity degrades soil structures by breaking down clay aggregates,
which makes the soil more erodible and less permeable to water,
consequently reducing plant growth.

use of water with high
salinity

4

Contamination from
use of water with high
SAR

These factors limit leaching so that salt accumulates over long periods of time,
giving rise to saline subsoils (Australian and New Zealand Environment and
Conservation Council, 2000).
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11.6

Construction water management

Site-based management plans shall be developed at each particular site to manage the risks
of using CSG water for the range of intended uses. As a minimum the management plan
should consider the preliminary risks assessed in Table 11.4, below.
On an as needed basis, these plans include:





simple, documented operating procedures for any control measures
specific routine maintenance
operational monitoring
corrective actions and emergency response

Table 11.4: - Proposed mitigation measures for construction water use impacts
No.

Impact Mechanism

Control measures

1

Contamination from

To reduce the risk of runoff:

construction water
leaving the specified
site





Monitor water application especially during forecasted periods of wet
weather
Install diversion drains or buffers to intercept runoff, or separate
overland flows
Install sediment control structures to intercept sediment laden surface
runoff to reduce sediment delivery to watercourses.

To reduce the risk of wind drift:




2

Maintain appropriate buffer zones
Low boom spray position
Adopt appropriate sized nozzles on spray equipment.
Principal contractor to supervise application of water from tankers

Seepage from storage

Storage ponds holding untreated or partially treated CSG water should be

ponds

adequately lined to avoid groundwater contamination via seepage.
Australia Pacific LNG proposes to construct all water storages to a standard
acceptable to regulatory requirements.

3

Contamination from

The maximum concentration of total dissolved solids (TDS) use for dust

use of water with high

suppression shall not exceed 3,000 μS/cm.

salinity

Water quality is to be monitored regularly from the source and, where treated,
will be included in the WTF regulatory monitoring program.
Where other uses are undertaken and other qualities adopted they will be
assessed for suitability prior to use.

4

Contamination from

The maximum sodium adsorption ratio (SAR) shall not exceed 15.

use of water with high

Water quality is to be monitored regularly from the source and, where treated, will

SAR

be included in the WTF regulatory monitoring program.
Where other uses are undertaken and other qualities adopted they will be
assessed for suitability prior to use.
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12.

Existing Agriculture Use

This water management option considers the supply of water to existing agricultural users
located in close proximity to Australia Pacific LNG’s proposed treatment facilities.
Although there is a general approval for beneficial use for irrigation (Queensland
Government, Department of EnvirRnment and Resource Management, March 2010), the
application is limited to non-GQAL properties. The majority of existing irrigation activities
occurring in the Condamine-Balonne River catchment are occurring on GQAL, and this is
predicted to continue ensuring sustainable development. Provision to GQAL properties will
require approval of specific beneficial use.
As no agreements with existing agriculture users have been secured, specific water and soil
chemistry assessment have been fully detailed. The following section provides likely site
conditions, based on information on existing land use and experience from Australia Pacific
LNG’s existing Spring Gully approved irrigation property. Site specific information will be
provided in application for a specific beneficial re-use approval.
12.1

Location

The Reedy Creek WTF is to be located some 25km north of Yuleba in the centre of the
Combabula development area.
There are properties in the vicinity of this treatment facility with some land suitable for
irrigation. The amount of land within a 10km radius is limited by:




Unsuitable duplex soils
Mixed quality soils on properties to the north
Good quality soils to the south, but on land subject to waterlogging and flooding

Other limitations to the potential for interest by landholders in utilising treated CSG water for
irrigation include:





Surrounding land is not suitable of irrigation, therefore limitation existing demand
Landholder have skills in beef cattle production rather than irrigation
Limited access to finance, restricting construction of additional irrigation and storage
The uncertain supply of the water from Reedy Creek WTF and contractual /
regulatory conditions required when it is available

An overall assessment determined that it is unlikely there will be significant interest by
landholders to establish irrigation projects in the vicinity of the Reedy Creek WTF. Origin
Energy on behalf of Australia Pacific LNG has tentative plans to establish an irrigation project
in the area and irrigation broadacre crop to utilise treated CSG water.
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12.2

Volume, frequency, seasonality

Negotiations with landholders in the proximity to the Reedy Creek WTF are ongoing.
Provision to existing agricultural use has not been agreed and therefore cannot be quantified
in this plan as yet.
Previous experience of supplying water to existing agriculture has been unsuccessful,
primarily due to the conditions of supply. In these instances, Australia Pacific LNG has
stipulated that seasonal variance will be required; however annual consumption needs to be
reasonably constant. With the arrangement of other options Australia Pacific LNG intend
that future negotiation for supply will be agreeable for both parties.
12.3

Supply water quality

The anticipated quality of treated water is suitable most agriculture activities, requiring a
slight imbalance of sodium, which elevates the SAR for irrigationXVH
Table 12.1 anticipated treated CSG water quality for Reedy Creek WTF and the
ANZECC guidelines for irrigation and stock drinking water.
Table 12.1: - Agricultural water quality guidelines and anticipated supply quality
Parameter

Irrigation1

Total dissolved solids
pH (std. units)

Stock drinking2

Reedy Creek WTF treated CSG
water3

5,0004

<3155

6-9

6.5 – 8.5

Calcium

1,000

<5

Magnesium

2.000

<1

Sodium
Chloride

230-460
350-700

Sulphate (as S04)

< 80
6

2,000

22 – 120

1,000

0–9
0.0085

Aluminium

5

5

Boron

0.5

5

< 0.5
4

Copper

5

0.4

0.00015

Fluoride

1

2

< 0.185

Iron

0.2

< 0.15

Manganese

0.2

< 0.015

Zinc

2

20

< 0.015

Nitrate (as N)

<90

< 0.15

Nitrite (as N)

<9

< 0.25

Total nitrogen

5

<1

Total phosphorus

0.05

-

Notations:
1. Irrigation trigger values sourced from ANZECC (2000)
2. Stock drinking water trigger values sourced from ANZECC (2000)
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3.
4.
5.
6.

Value from Reedy Creek WTF basis of design
Value varies depending on stock
Anticipated values, taken from Talinga WTF treated CSG monitoring results
Units mg/L unless specified

It is proposed that water supplied for agricultural purposes will be of treated CSG water
quality. The supply agreement will require a quality certification from the WTF whilst the user
will be responsible for specific water quality amendments, such as SAR, prior to use.
12.4

Potential impacts and management

Soils of the area around Reedy Creek WTF vary from deep sands to heavy clays. Some of
these are likely to have concentrations of salt at depth, similar to other brigalow clay soils in
mid-western Queensland. Environmental issues in relation to land use are anticipated to
include; soil fertility, soil structure, irrigation efficiency, salinity, runoff and water quality. Deep
drainage is likely to be very small on clay soils at Reedy Creek WTF. Other issues not
related directly to permeate water include soil erosion, vegetation clearing impact, pesticide
and fertiliser use impact, and project development impacts. Monitoring procedures will/have
been implemented to provide sufficient information to make any required adjustments to the
management plans outlined for the plantation and irrigated crop projects. The construction
phase would see some localised land disturbance via pipeline installation and paddock
preparation.
Potential Impacts discussed in section 10.8, of the irrigation section, provide a summary of
impact from existing agricultural use.
Management Plans will be developed for the specific or general approval of beneficial use
application. Section 10.10 provides management measures that maybe applied, where
existing agriculture include irrigation.
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13.

Aquifer Injection Trials

13.1

Introduction

Australia Pacific LNG intends to investigate the potential to develop an aquifer injection
capability in the vicinity of the proposed Reedy Creek WTF to provide an alternative CSG
water management option. The technical and economic feasibility of injection will be
investigated through a hydrogeological assessment and field trial program. Australia Pacific
LNG considers the benefits of aquifer injection to include:




A potential reduction in surface infrastructure requirements, particularly water storage
ponds
A potential reduction in treatment plant capacity
A potential reduction in WKHYROXPHRIVDOLQHHIIOXHQWWREHPDQDJHG

The aim of the trial program is to undertake sufficient investigations to:




Characterise the residual risk of injection in accordance with government assessment
guidelines
Determine the technical and economic feasibility of aquifer injection
Provide a basis for the design of a full-scale injection scheme, including the
subsurface, reticulation and treatment infrastructure

As sufficient information may not be available at present, Australia Pacific LNG seeks
approval for aquifer injection trialling for the Combabula development area with the provision
of an aquifer injection management plan. The plan will be prepared in accordance with
relevant guidelines, refer to section13.3, and will be provided prior to trials commence.
13.2

Trial assessment process

The aquifer injection feasibility studies will be undertaken through a systematic program of
data collation, field assessment, system design and field trials. This investigation process is
outlined in Figure 13.1 with further detail of each component provided therein.

commercial-in-confidence

Q-4200-45-MP-0001

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

81

Combabula CSG Water Management Plan
DESKTOP DATA COLLATION
Groundwater bore database inf ormation
•Yield
•quality

CSG Drilling records
•Wireline geophysics
•Drill stem tests
•Daily drilling records (e.g mud losses)
•Laboratory analysis of cores

Seismic Survey Interpretations
Conventional P&G Knowledge

MULTI-CRITERIA ANALYSIS
Injectability potential
Salt of f set potential
Make good mitigation potential
Proximity to water treatment f acility
Drilling depth
Site selection
RISK ASSESSMENT

Existing private water bores

EXPLORATION

•Hydrological properties
•Mineralogy
•Resource extent assessment
•Water quality

APLNG reserves/production
drilling programs

Aquif er suitable

Aquif er unsuitable

Incorporate bores into
regional groundwater
monitoring program

RISK ASSESSMENT
TREATMENT SYSTEM DESIGN
INJECTION TEST
Treated water

RISK ASSESSMENT

Injectability unsuitable

Injectability suitable
RISK ASSESSMENT
Injection Scheme Design

Figure 13.1: - Aquifer injection investigation and trial process
13.3

Legislation, regulations and guidelines

It is anticipated that the primary regulatory mechanism will be the relevant Environmental
Authority, however, it is recognised that this might change with the upcoming Water and
Other Legislation Amendments bill. To provide the information necessary under this regime,
trials will comply with applicable guidelines and policies as detailed in the Table 13.1.
Table 13.1: - Applicable legislation, regulations and guidelines for aquifer injection
Legislation/Regulation/Policy/Guidelines

Response

Guideline - Preparing an Environmental Management

Trials will be conducted under the Category 1

Plan for Coal Seam Gas Activities

Preferred Management Options – Injection where
Detrimental Impact is Unlikely classification of the

Operational Policy - Management of Water Produced

guideline or the equivalent Operational Policy.

in Association with Petroleum Activities (Associated
Water).

Risk assessment, hydrogeological assessment and
monitoring plan reporting, as required under the
Guideline and subordinate standards referred to within
the Guideline, will be undertaken in accordance with
the prevailing government policy.
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Guideline – Approval of Coal Seam Gas Water for

The intended injectate is currently classified as a waste

Beneficial Use

with no beneficial use category. This will be reviewed
should there be a change in guidelines to include
injection.

Interim Requirements for the Construction of Injection

Trial injection facilities will be designed with regard to

Wells

the interim requirements with the view to potential
conversion of wells from trial to operational facilities if
appropriate.

Legislation – Water Supply (Reliability and Safety) Act

Reporting of assessments to be required under the

2008

Act, foreseen under the Water and Other Legislation
Amendment Bill 2010 and any subsequent guidelines
and policies, will be undertaken in accordance with the
prevailing government policy. It is anticipated at this
stage that trials will be conducted under an exclusion
decision.

13.4

Location

Injection trials are initially intended to be conducted in the vicinity of the proposed Reedy
Creek gas production pilot facilities to assist with trial infrastructure requirements, and for
proximity to future water treatment facilities (injectate source). The general location of the
injection trials is shown on Figure 13.2.
Multiple tests (in separate injection bores) will generally be undertaken to assess the
characteristics of different aquifers. The strategy for ongoing injection trials will be
determined based on the results of the initial trial, but would logically be configured to confirm
injection potential over sufficient area to meet water management requirements.
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Figure 13.2: - Location of Combabula gas production pilot
13.5

Geological setting

The hydrogeological sequence in the assessment area is set out Table 13.1. The table
shows hydrostratigraphic units and approximate depths based on drilling logs from this area.
Most aquifer units in the study area contain groundwater of meteoric origin and are
marginally alkaline with median salinities below 1200mg/L as TDS. The dominant water type
is generally Na-HCO3-Cl (or a close variant). The highest median groundwater salinity
(greater than 1400mg/L) is associated with the Walloon Coal Measures.
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Table 13.2: -Hydrostatigraphic and associated geological units
Depth to Top of

Hydrostratigraphic

Formation (m)

unit

0

Rolling Downs Group

0 - 25

BMO Grouping

Geological units

Aquifer / confining unit

Wallumbilla Formation

Confining unit

Bungil Formation
Mooga Sandstone

Aquifer

Orallo Formation
Gubberamunda
160

Gubberamunda
Sandstone

Sandstone
Kumbarilla Beds

Aquifer

Hooray Sandstone
Southlands Formation

230

Westbourne Formation

390

Springbok Sandstone

Westbourne Formation
Springbok Sandstone
Pilliga Sandstone
Upper Walloons
Formation*
Macalister Coal Seams

450

Confining unit
Aquifer
Confining unit
Aquifer (coal seams)/ confining
unit (siltstones, mudstones)

Walloon Coal

Juandah Sandstone

Aquifer

Measures

Lower Juandah Coal

Aquifer (coal seams)/ confining

Measures

unit (siltstones, mudstones)

Tangalooma Sandstone

Aquifer

Taroom Coal Measures
760

Eurombah Formation

810

Hutton Sandstone

Eurombah Formation

Aquifer (coal seams)/ confining
unit (siltstones, mudstones)
Confining unit

Hutton Sandstone
Aquifer
Marburg Sandstone
Upper Evergreen Shale
Lower Evergreen Shale
1050

Evergreen Formation

Basal Evergreen

Confining unit

Sandstone
Boxvale Sandstone
1090

Precipice Sandstone
Pre-precipice
formations
(model base)

Precipice Sandstone
Bowen Basin Sequence
and Basement

Aquifer
Confining unit

* The upper Walloons Formation is defined as that part of the Walloon Coal Measure between its upper surface and the top of
the uppermost coal seam.
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The aquifers targeted for injection trials are outlined in Table 13.3.
Table 13.3: - Characteristics of target aquifers
Aquifer

Characteristics

Shallow Aquifers






Interbedded sandstone, siltstone and shale
Variable permeability
‘Make Good’ potential
Variable water quality may lead to reduced treatment effort

Hutton Sandstone Aquifer





Coarse to fine sandstone with interbedded siltstone and shale.
Generally good permeability
Generally good quality water, although it can be high in sodium
chloride and sodium bicarbonate

Precipice Sandstone Aquifer





Quartose sandstone unit with consistently good permeability
Generally good quality water (stock and domestic use)
Deepest of likely injection targets

13.6

Injectate source and quality

Permanent water treatment plants will not have been constructed within the timeframe of the
intended aquifer trials at the test sites. Due to the requirement to match, as closely as
possible, the intended long-term injectate quality, it is intended that a mobile Reverse
Osmosis (RO) plant will be utilised to produce the bulk of injectate. Source water for the RO
plants will most likely be obtained from existing gas production pilot ponds and, where
necessary, will be augmented with water produced during pumping tests. Appropriate postRO treatment and blending may be required to produce a hydrogeochemically suitable
injectate quality. The post-RO treatment system will also be portable and is likely to
comprise:





13.7

Pumps
Filtration
Sterilisation
Deoxygenation
Chemical dosing
Injection rates

Injection rates will be governed by:







the hydraulic capacity of the aquifer;
the injection pressure (equipment dependant within the 90% fracture pressure limit);
the hydraulic efficiency of the injection well;
the capacity of the portable RO plant and post RO treatment system;
brine storage capacity; and,
source water availability.
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The aquifer and bore hydraulic characteristics will be determined during the hydrogeological
investigations, specifically, the pumping tests that will be carried out on the injection bores
(with monitoring in the observation bores where relevant).
The portable RO plant and treatment system are likely to have a maximum treatment
capacity of 1.5 to 2 ML/day.
13.8

Bore design, construction and testing

This section describes the drilling and testing components of the aquifer injection
investigations.
13.9

Relevant standards

The following standards will be adhered to in the drilling and construction of injection test
bores and monitoring bores:









All drilling activities will be conducted in general accordance with the Minimum
Construction Requirements for Water Bores in Australia and the Minimum Standards
for the Construction and Reconditioning of Water Bores That Intersect the Sediments
of Artesian Basins in Queensland
Where appropriate, bores will be drilled under provisions of the Petroleum and Gas
(Production and Gas) Act 2004, and will be notified through a Notice of Intention to
Drill a Petroleum Well or a Water Bore
Where necessary, supervising drilling personnel will be appropriately licensed under
the Water Act 2000
Development Permits will be submitted where necessary;
Aquifer testing will be undertaken with reference to the Australian Standard AS23681990 Test Pumping of water wells
Samples will be analysed by laboratories National Association of Testing
Authorities(NATA) accredited to undertake the analyses

Any anticipated variations from these standards will be clearly identified and agreed with the
relevant regulatory bodies
13.10

Observation bore design and construction

Dedicated observations bores will be installed into each target aquifer where practicable.
Observations bores will be nominally be constructed from 4.5” steel oilfield casing, which will
be pressure cemented from the top of the target interval. The target interval will generally be
cored to allow detailed description of the aquifer material, and to provide sample for
laboratory testing. A comprehensive suite of wireline geophysics will usually be run in the
observation bore to further assist with aquifer characterisation (particularly variability).
After initial conditioning with water, the bore will be purged clean using pumping or
alternative techniques, following which, water quality samples will be collected.
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13.11

Injection bore design and construction

Injection bores will be installed into each target aquifer (i.e. one bore per target aquifer). The
injection bores will be constructed from 7” steel oilfield casing with in-line stainless steel wire
wound screens across the target interval. Stainless steel sections may be incorporated into
the casing string adjacent to the anticipated flow control valve depth. An external casing
packer (oil field technology) will be used for deeper bores (targeted at the Hutton Sandstone
or Precipice Sandstone) to pressure cement the annulus from the top of the screened
interval to surface. In the shallow aquifers, conventional pressure cementing techniques will
most likely be used. A schematic diagram of anticipated typical injection bore design is
provided as Figure 13.3.
A comprehensive suite of wireline geophysics will be run in the test bore to further assist with
aquifer characterisation (particularly variability). The geophysics will be run prior to
installation of the casing. Cement bond logs will also be run post-casing to ensure successful
grouting completion.
After initial conditioning with water, the bore will be purged clean using pumping techniques.

Figure 13.3: - Schematic injection bore design
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13.12

Testing

Numerous mineralogical, hydraulic and water quality tests will be performed during the
assessment process. The types of tests that may be undertaken and their intended purposes
are briefly outlined in Table 13.4.
Table 13.4: - Summary of investigative tests
Data Type

Test Type

Sample Type

Use

Mineralogy

X-Ray Diffraction

Core

Hydrogeochemical compatibility

Core

Hydrogeochemical compatibility

(XRD)
Aquifer Matrix

X-Ray Fluorescence

Chemistry

(XRF)

Aquifer Water

Laboratory Analysis

Water

Hydrogeochemical compatibility

Microbial Fauna

DNA sequencing

Water

Biogeochemical compatibility

Hydraulic

Variable rate

NA

Aquifer & bore hydraulic parameters

Chemistry

pumping test
Hydraulic

Constant rate

Bore efficiency
NA

Aquifer hydraulic parameters

pumping test
Hydraulic

Recovery

NA

Aquifer hydraulic parameters

Injection

Variable rate

NA

Injectability, treatment suitability, well
hydraulics, aquifer hydraulics

Testing of core cut from the target aquifers may be carried out on samples from potential
target intervals and aquifer. Samples will be selected to ensure a representative range of
likely conditions. The number of sample per interval will be dependent on geological
variability assessed from detailed geological logging, geophysical logging and total thickness
of the target interval.
Water samples for chemical analysis will be collected during each pumping test, with multiple
samples being collected over the duration of the testing program to ensure potential variation
in local water quality is adequately characterised.
Field water quality parameters (electrical conductivity, pH, temperature, redox, dissolved
oxygen) will also be measured at regular intervals during the pumping and injection tests.
Laboratory analysis will typically include the following parameters:



Physical Parameters – pH, total dissolved solids, total suspended solids
Major Cations and Major Anions – calcium, magnesium, sodium, potassium, chloride,
sulphate, bicarbonate, carbonate and total alkalinity
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Dissolved2 Metals and Metalloids – aluminium, boron, barium, cobalt, iron,
manganese, molybdenum, selenium, silver, strontium, tin, arsenic, cadmium,
chromium, copper, nickel, lead, zinc, mercury, and silica
Dissolved sulphide
Dissolved organic carbon
Nutrients – nitrate, nitrate and total phosphorous

Hydraulic testing durations will be variable and dependent on the aquifer hydraulic properties
and the water storage capacity at the site. Test durations are likely to vary between 4 hours
(tests on monitoring bores and variable rate tests) and several days (constant rate tests).
The duration of injection tests will be constrained by the availability of source water and brine
storage capacity.
13.13

Potential impacts and risk assessment

In accordance with the Australian Guidelines for Water Recycling: Managed Aquifer
Recharge (July 2009), the hazards that would be assessed prior to commencement of trial
injection would include:
Assessable Guideline Risks – Public Health / Environmental Risks:













Pathogens;
Inorganic Chemicals;
Salinity and Sodicity;
Nutrients;
Organic Chemicals;
Turbidity and Particulates;
Radionuclides;
Pressure, flow rates, volumes and levels;
Contaminant migration in fractured rock and karstic aquifers;
Aquifer dissolution and aquitard and well stability;
Impacts on groundwater –dependant ecosystems; and,
Greenhouse gases.

Non-Assessable Guideline Risks



Operational issues – clogging; and,
Impacts on existing entitlement holders.

2

Dissolved concentrations will be analysed because this is representative of the water that
flows through the aquifer, rather than analysis of total concentrations which may be affected
by in-bore conditions.
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Appropriate preventative measures will also be proposed and residual risk levels estimated.
A complete impact/risk assessment, with mitigation measures, will be undertaken once an
injection site has been confirmed. This and other site specific details will be provided in an
aquifer injection management plan prior to trials commencing.
13.14

Operational aquifer injection

Application for operational aquifer injection will be dependent on the outcomes of trials.
Amendment of the Environmental Authority to allow operational injection would follow a
similar process to that for trial approvals.
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14.

Saline Effluent Management

14.1

Introduction

The base case approach for saline effluent management across the Project will be
evaporation in ponds. There will be a number of specially designed ponds, referred to as
brine ponds, located in proximity to Reedy Creek WTF that will remain in use for the life of
the Project and then be decommissioned. Crystallised salt and supersaturated salt solution
will be removed from the ponds periodically and at the decommissioning stage.
A number of optimisation options are being investigated to reduce the requirement for large
scale ponds.
This Saline Effluent Management Plan in Appendix 9 sets out the intended strategy to
contain, concentrate, reuse and dispose the salts contained in the saline effluent Stream
across the Australia Pacific LNG Project sites, the following section provides a summary of
this information.
14.2

Location

Ponds for containment and evaporation of saline effluent produced in the Reedy Creek WTF
will be located on the same site as the WTF. Preliminary location of the ponds is shown in
Appendix 9. Confirmation of the final locations for ponds will be based on detailed site
information about the location of remnant vegetation and drainage pathways and
geotechnical considerations. The location of ponds is to be determined on the basis of a
range of criteria including an allowance for 100m buffer between the pond structures and
either remnant vegetation or property boundaries. Refer to chapter 5.2.2 of Appendix 9 for
further discussion of the siting considerations.
14.3

Methodology

Due to the nature of the contents of the brine ponds, they will be classified as regulated
dams under the environmental authority.
This will necessitate particular design
considerations to minimise the risk of loss of containment through seepage, overtopping or
structural failure. Hydraulic design parameters and liner performance requirements are
provided in DERM’s Manual for Assessing Hazard Categories and Hydraulic Performance of
Dams. A complete design report will be submitted for each stage of ponds for approval by
DERM and subsequent to construction, a verified set of “as constructed” drawings are to be
provided with a statement that construction complies with the requirements of the design.
Certification of the ponds is to be carried out by suitably qualified registered professional
engineers.
14.3.1 Pond design
Ponds will be of the “turkey’s nest” style with an earthen bund constructed of suitable
selected and compacted material. Generally the bunds will be battered at a slope of 1:4
depending on the material selected. Design top operating water level will be 3.7 m above the
base of the ponds with a design storage allowance and spillway freeboard to be contained
aboYH that level. Bunds will incorporate an emergency spillway and a vehicle access track
along the crest. Location and external drainage of the ponds will seek to exclude all external
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runoff from entering the ponds. Downstream surfaces will be vegetated to reduce erosion
and anywhere that concentrated surface water flows could be expected against the toe of the
batter, rock protection will be applied.
Internal surfaces of the bunds and the floor of the ponds will be continuously lined with an
advanced liner system. 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 geosynthetic clay liner (GCL). GCL is essentially an engineered clay,
sandwiched between two layers of geotextile. The clay used can be matched to be
compatible with the stored effluent in order to ensure continued containment for the life of the
pond.
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.
14.3.2 Operation
The saline effluent initially discharged from the 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 decommissioned appropriately.
Concentrated brine will eventually remain in the specially equipped crystallisation pond which
would allow full crystallisation to proceed. Crystallisation will not substantially occur during
the first 5 years of the Project and details of the infrastructure required for this process, such
as the crystallisation pond will be provided at later stages. Crystallised, dewatered solids will
be progressively removed by suitably licensed transport contractors to a licensed
containment facility.
14.3.3 Decommissioning
As the water production rate from CSG fields declines later in the life of the Project, and
some of the brine ponds become surplus to requirements, decommissioning of these ponds
will commence. Decommissioning will proceed in a manner which eliminates any ongoing
environmental hazard, maximises the value of the land for future land uses and returns the
scenic amenity to the area.
Once any remaining salt or other contamination is removed, the bunds will be flattened and
any unnatural depressions filled to allow the area to drain freely. Topsoil will be replaced to a
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depth of 0.25m minimum and appropriate revegetation will then proceed allowing the area to
become available for future land uses.
14.3.4 Solids disposal
Solidified salt will be progressively removed from the brine ponds for transfer to a third party
for either beneficial reuse or disposal in an appropriately designed and operated landfill cell.
Although salt disposal may not commence for around 15 years and by that time the preferred
end use may have changed, early discussions with solid waste management companies
have commenced around the need for such a facility.
14.4

Volume, mass and characterisation of salt

14.4.1 Saline effluent characterisation
Flows of saline effluent from the WTF will follow proportionally the flow of CSG water treated
at the facility. The flow of CSG water over the life of the Project is provided in section 3.2.
The nature of the effluent will be determined largely by the content of the CSG water that is
treated and also the efficacy of various process operations employed to treat it.
Predicted make up of the effluent based on the known CSG water characteristics and the
proposed treatment process is presented in Table 14.1.
Table 14.1: - Saline effluent characteristics
Property

Units

pH

Value
8.8

Temperature

oC

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
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Property

Units

Value

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

14.4.2 Salt profile
Solid salt from the Reedy Creek WTF brine ponds will start to be removed around the 15th
year of operation, depending on the drying conditions and water profile experienced in that
period.
On the basis of a mass balance, the quantities of salt delivered to the brine ponds in solution
up until 2015 are shown in Figure 14.1.
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Figure 14.1: - Saline effluent profile of Reedy Creek WTF
Over the life of the Project approximately 1.2 million tonnes of salt will be produced at the
Reedy Creek WTF.
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The final quantities of salt produced from the brine ponds will depend on factors such as
salinity changes in the CSG water across the life of the Project and recovery rates observed
in the reverse osmosis units.
14.5

Potential impacts

The release of saline effluent to the land, surface water or groundwater resources could
result in serious long term degradation of these environmental values. Above certain
concentrations salinity cannot be tolerated by flora and fauna and water sources for human
uses are even more sensitive to salinity increases.
The major potential impacts associated with the management of saline effluent through the
operation of brine ponds are:








Land use impacts associated with the brine ponds occupying significant areas of land
over the medium term
Uncontrolled seepage of saline effluent through the floor or walls of the ponds which
could result in large scale contamination of such resources if undetected
Overtopping of the pond either through an extreme rainfall event in excess of that
allowed for in the design or through some operational error
Loss of life to personnel or native or domestic animals due to drowning in the ponds
Catastrophic failure of the pond structure resulting in rapid release of a large portion
of the contents which could lead to contamination as well as risks to life and property
associated with the flood wave
Residual risks of contamination associated with the continued presences of salts after
decommissioning of the ponds

Management methodology focuses on reduction of the risk of these impacts occurring
through design, operational and decommissioning considerations.
14.6

Saline Effluent Management Plan

A detailed Saline Effluent Management Plan for the Reedy Creek WTF has been compiled
and is included at Appendix 9. This plan provides a risk assessment for the brine ponds and
details the way in which significant risks have been addressed through design, operations
and decommissioning.
The plan also introduces a number of proposed optimisation options for the management of
saline effluent which are under investigation and provide for continuous improvement in the
way saline effluent is managed across the Project. Such optimisation options being
considered include:




Brine concentration with salts recovery for commercial sale
Brine injection
Ocean disposal
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Most of these options would provide a reduction in the requirement for brine ponds and thus
reduce associated risks and impacts; however significant additional risks are present in most
cases. Due to the emerging nature of the issue of saline effluent management in inland
Australia, many of the options under consideration involve significant amounts of uncertainty
in both economical, technological and in some cases environmental outcomes.
Subsequent regular updates of the Saline Effluent Management Plan will incorporate
enhancements in the management methodology arising from developments and adoption of
optimisation options as well as refinement of the information available regarding the nature of
the saline effluent and site conditions.
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15.

Monitoring Program

The monitoring intended to be undertaken by Australia Pacific LNG, in relation to its CSG
water management practices at Combabula development area, is documented in this
section. Monitoring will be conducted for each water management practice undertaken and
will be recorded and reported as described. The monitoring programs aim to be sufficient for
the prediction and early detection of any detrimental impacts from CSG water management
practices.
15.1

Discharge to watercourse

There are two monitoring programs which have been developed in relation to the proposed
discharge of treated CSG water from the Reedy Creek WTF to the Yuleba Creek. These
programs are the CSG Water Quality Monitoring Program (WQMP) (Appendix 7) and the
Receiving Environment Monitoring Program (REMP) (Appendix 4). These programs aim to
monitor and record pertinent information in relation to discharge of treated CSG water to the
Yuleba Creek.
15.1.1 CSG Water Quality Monitoring Program
The framework of the CSG WQMP has been based on the public health and environmental
water quality monitoring required for the Talinga WTF discharge licence. As presented in the
Walloons Environmental Authority (PEN100067807), the CSG WQMP initially verifies source
water constituents during an initial characterisation and monitors the treated CSG water on
an on-going basis. The program enables comprehensive recording and reporting of water
quality.
It is proposed that the source water be monitored at the feed pond of the WTF for
approximately 360 analytes for a period of two months to provide a characterisation of the
development area’s CSG water. Although dependant on the results of the characterisation,
ongoing monitoring of the treated water will then focus on particular parameters of interest
and concern. Refinement of the WQMP in relation to the ongoing monitoring is to be agreed
with DERM prior to implementation.
The monitoring program also describes online process control at the WTF which has the
capability to prevent the discharge of off-spec water into the Yuleba Creek.
The proposed CSG WQMP can be seen in Appendix 7.
15.1.2 Receiving Environment Monitoring Program
The proposed REMP (Appendix 4) has been developed to ensure that potential impacts to
the receiving environment from Reedy Creek WTF are rigorously monitored and recorded.
Adequate monitoring will enable the impact of the release of treated CSG water on aquatic
ecology to be determined. This determination will contribute to the ability to preserve and
manage the aquatic environment and mitigate potential impacts on the aquatic receiving
environment.
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The REMP provides a description of the potentially affected receiving waters including the
hydrology, physiochemical properties, aquatic ecosystem parameters and geomorphologic
features and the water quality targets to be achieved in the receiving environment. The
REMP discusses WQOs relative to the draft environmental values which are considered
relevant for the Condamine-Balonne River receiving environment.
The monitoring for potential adverse impacts includes monitoring of bank stability and
erosion, stream flow and hydrology, measurement of the banks and beds of the receiving
environment for SAR, soil sodicity and erosion. The monitoring of contaminants including
physiochemical parameters and biological indicators that will be conducted is also noted.
Sampling and analysis methods (including statistical analysis methods), the monitoring
locations (including downstream impacted sites and locations used as background sites) and
monitoring frequencies are also contained in the attached REMP. The frequency of
monitoring is discussed in relation to the development of WQOs and site-specific background
values in accordance with the QWQG 2009.
15.2

Irrigation

Changes to the soils and landscape may occur as a result of irrigation. An adaptive
management approach will monitor any changes and conduct some trials, for example on
soil and water amendments, such as gypsum or calcium nitrate, to provide information to
guide management practices which will improve sustainability over the long term.
Monitoring will be conducted for control and impact assessment, in order to provide timely
data for which appropriate management processes can be implemented. Monitoring will
include salinity and sodicity measurements, deep drainage, and soil fertility.
The irrigation monitoring described is intended to cover both Australia Pacific LNG owned
and operated irrigated agriculture as well as the irrigation conducted by existing agricultural
land-holders that would use water sourced from the Reedy Creek WTF.
15.2.1 Irrigation w ater
The quality of the water treated by reverse osmosis will be constantly monitored, while water
and soil moisture measurements will indicate how efficient the irrigation system is and
whether there are any surpluses or likely drainage. The parameters that will be monitored
that are of relevance to irrigation are contained in Table 15.1 below.
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Table 15.1: - Irrigation water monitoring parameters
Parameter

Monitoring
Frequency

Irrigation Discharge [ML/day]

Continuous

Electrical Conductivity [µS/cm]
Total Dissolved Solids [mg/L]

Fortnightly

pH

Continuous

Temperature [C]
Bicarbonate Alkalinity as CaCO3 [mg/L]

Fortnightly

Carbonate Alkalinity as CaCO3 [mg/L]
Hydroxide Alkalinity as CaCO3 [mg/L]
Residual Alkali [meq/L]
Chloride [mg/L]
Fluoride [mg/L]

The irrigation system will have flow meters, and soil moisture monitors to measure water and
soil moisture content.
Weather stations will provide climate data to allow modelling of evapotranspiration and actual
water demand to guide the irrigation applications. The following climatic conditions will be
detected via weather stations on a daily basis within close proximity to the Australia Pacific
LNG irrigation projects:






Relative humidity (%)
Wind speed (km/h or m/s)
Wind direction (unitless)
Air temperature (oC)
Rainfall (mm)

Annual modelling and preparation of water balances will provide checks on irrigation
efficiency and estimates of evaporation, drainage and runoff.
15.2.2 Deep drainage and salinity
Irrigation will be managed to minimise deep drainage by monitoring of soil moisture using
moisture probes at 20cm, 60cm, 80cm and 1m at a number of locations during the normal
conduct of the irrigation system. Irrigation will generally not fill water profiles beyond 90cm,
and deep sensors at 1m will be used to measure the frequency of moisture beyond this point.
Soil moisture is intended to be tested twice per week or with in-situ monitoring probes.
Downward movement of salt will be monitored by annual measurement of chloride, sodium
and conductivity (EC) at intervals; 0-10, 10-30, 30-60, 60-90, 90-120 and120-150cm.
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Sampling is intended to be conducted on both sides of the row, in two transects of 5
samples.
A baseline soil survey, involving 30 soil samples will measure the initial levels to which
subsequent measurements will be compared. If there is downward movement of salt it
should show as reduced salt levels in upper layers and an increase in lower layers.
The potential build-up of ground water as ‘perched water tables’ above the bedrock at the
Reedy Creek sites will be monitored by constructing and inspecting shallow bores to be
drilled to bedrock or a depth of 10m.
In addition, monitoring of the groundwater will be conducted by establishing bores
(piezometers) to 10m.
Modelling of ‘estimated’ deep drainage will be conducted in hindsight each year, using actual
inputs of rainfall and irrigation in a model such as ‘How Leaky’.
15.2.3 Runoff and soil erosion
The use of agricultural chemicals and surface applied fertilisers will be minimised in the
management of the irrigated cropping program, but there is potential for adverse impacts on
the water quality of runoff water and subsequently surface water. Good management of soil
erosion is likely to minimise runoff and enhance the quality of runoff water.






Estimates of runoff will be matched with visual observations
Runoff water will be sampled at appropriate sites and measured for nutrients, salt and
pesticides where there is any concern related to use.
Monitoring of surface water quality will be conducted upstream and downstream on
an ‘event’ and/or six monthly basis, for the parameters listed in Table 15.2 below.
Water being used for irrigation will be tested for EC, TDS, pH, SAR and a range of
nutrients and minerals, including fluoride.
Visual monitoring of soil erosion will be conducted and responsive strategies will be
implemented.

Table 15.2: - Surface water monitoring parameters in response to run-off
Parameter
Water level [m/AHD]
Electrical Conductivity [µS/cm]
Total Dissolved Solids [mg/L] – Event triggered
pH [unitless] – Event triggered
Temperature [C]
Dissolved Oxygen [% saturation or ppm] – Event triggered
Turbidity [NTU]
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Total Suspended Solids [mg/L]
Ortho-Phosphorous [mg/L]
Ammonia-N [mg/L]
Nitrate + Nitrite as N [mg/L]
Nitrite-N [mg/L]
Nitrate N by Flow Injection Analysis (FIA) (Calculation) [mg/L]
Sulphur as SO4 [mg/L]

15.2.4 Soil fertility
Soil fertility parameters to be monitored are the depletion of major nutrients nitrogen (N),
phosphate (P) and potassium (K). Use of legumes in the cropping rotation at Reedy Creek
may result in additions of nitrogen.
An initial baseline survey of irrigation sites will establish soil fertility levels which will be
checked with annual soil sampling repeated at these same sites, based on GPS locations.
Soil samples are intended to be analysed for the parameters listed in Table 15.3 below:
Table 15.3: - Soil fertility monitoring parameters
Parameter
Electrical Conductivity (saturated extract – ECse) [dS/m]
pH [unitless]
Soil Organic Carbon (SOC) [units]
Exchangeable Calcium [meq/100g]
Exchangeable Magnesium [meq/100g]
Exchangeable Potassium [meq/100g]
Exchangeable Sodium [meq/100g]
Cation Exchange Capacity (CEC) [meq/100g]
Exchangeable Sodium Percentage (ESP) [%]
SAR
Ca:Mg Ratio [unitless]
Chloride [mg/kg]
Calcium Carbonate [%]
Available Phosphorous [mg/kg]
Ammonia (1:5 Extract) [mg/kg]
Nitrite & Nitrate (1:5 Extract) [mg/kg]
Sulphate [mg/kg]
Total Nitrogen [mg/kg]
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Total Sulphur [mg/kg]
Boron [mg/kg]
Zinc [mg/kg]
Iron [mg/kg]
Copper [mg/kg]
Manganese [mg/kg]

The baseline soil fertility survey will include sampling from sites representative of the different
soil types, across the irrigated lands.
A nutrient balance will be calculated on an annual basis for each irrigation field from tonnage
and nutrient content of products harvested and fertilisers applied.
15.2.5 Soil structure
An aspect of soil structure which requires special attention is the effect of sodium (Na) in the
irrigation water. Where surface application is used, there is possibility of slight crusting on the
top few mm of the soil surface.
Annual monitoring of Na and Na% and SAR in 0-10cm, 10-30cm, 30-60cm and 60-90cm
samples will indicate whether there is any build-up or movement of Na and the onset of
sodicity problems.
Sampling depth to determine total sodium, exchangeable Sodium Percentage (ESP) and
sodium adsorption ratio (SAR) is intended to be conducted at depths of 0 - 10cm, 10 – 30cm,
30 – 60cm, 60 - 90cm, 90 - 120cm and 120 – 150 cm at the soil sampling sites.
Samples taken to 30cm are intended to be analysed for the parameters listed in section 0.
Samples taken from 30cm – 150cm are intended to be analysed to determine total sodium,
exchangeable sodium percentage, sodium adsorption ratio, pH and electrical conductivity.
Visual monitoring of compaction, surface sealing and infiltration will indicate whether there
are structural problems affecting water movement or runoff.
15.2.6 Groundwater monitoring
Groundwater monitoring is intended to be carried out biannually or more frequently if deemed
necessary to detect impacts of irrigation.
Groundwater samples taken as part of the irrigation ground water monitoring are intended to
be analysed for the water quality parameters listed in Table 15.4.
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Table 15.4: - Irrigation groundwater monitoring parameters
Parameters
Water Level [mm / AHD] (on applicable bores)
Flow Rate [m/h] (on applicable bores)
Electrical Conductivity [µS/cm]
pH [unitless] – Bi-annual
Temperature [C]
Groundwater Pressure in Geological Strata [kPa]
Total Dissolved Solids [mg/L] – Bi-annual
Ortho-Phosphorus
Nitrate-N [mg/L]
Nitrate + Nitrite as N [mg/L]
Nitrate-N by FIA (Calculation) [mg/L]
Sulphur as SO4 [mg/L]

15.3

Brine ponds

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.
This monitoring program will be included in the Operations and Monitoring Manual to be
developed for the Reedy Creek WTF site. A summary of the preliminary monitoring
requirements for brine ponds is included in Table 15.5. For more detailed information refer to
the Saline Effluent Management Plan and the Reedy Creek WTF Ponds Operation and
Monitoring Manual.
Table 15.5: - Monitoring requirements under the Saline Effluent Management Plan
Activity

Frequency

Reporting

Personnel

/data collection
Monitoring requirements
Ground water bores

Quarterly

and Piezometers

Report to be included with annual

Environmental

return plus incident report on

hydrogeology specialists

significant excursions from background
level
Pond salinity

Weekly

Survey of bunds

Annual

Values to be logged

Operations staff

Any detectable movement to be

Qualified surveyors

reported immediately
Surface water
monitoring
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Inspection requirements
Engineering

Annual

Inspection

Inspection report for submission to

Registered professional

DERM as per guideline

engineer

For inclusion in annual inspection

Operational staff

Check for erosion on

Monthly or

bunds

following significant report
rainfall

Surface moisture

Monthly on dry

For inclusion in annual inspection

detection

days

report

Sump pump test

Half yearly

Report any performance issues for

Operational staff

Operational staff

maintenance

15.4

Injection trial monitoring

The monitoring program associated with the injection trials will comprise two components:



Monitoring of injection and observation bores during testing
Baseline sampling of landholder bores in the vicinity of the test prior to the
commencement of field activities

Monitoring of the injection and monitoring bores during tests will comprise measurements of
water level, extraction and injection rates, and water quality. Automated loggers may be
utilised to assist in data collection.
All landholder bores within the calculated maximum hydraulic impact zone of the proposed
pumping or injection test will be considered when establishing the monitoring program. The
process for a landholder bore survey is:







An Origin landowner liaison officer (LLO) contacts landowners to determine whether
they have bores on their property
In conjunction with an Origin hydrogeologist, the LLO arranges a suitable time to visit
the landowner and meets the landowner and discusses the monitoring program
The landowner and hydrogeologist visit each bore on the property to collect the
following information where possible
 Accurate location information (GPS)
 Well head gas concentrations
 Standing groundwater level
 Details of the bore construction
 Details of the pumping system and headworks
A sample for either field parameter measurement only (unequipped bores) or for
laboratory analysis
Following receipt of the laboratory results, the landowner will be provided with a copy
of the data
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16.

Emergency Planning and Response

16.1

Organisational commitments to emergency planning & response

Origin and subsequently Australia Pacific LNG, operates under an established Health, Safety
and Environment Management System (HSEMS) to minimise and manage the impacts on
employees, contractors, the environment and the communities in which the company
operates.
The HSEMS is comprised of the Health, Safety and Environment (HSE) Policy and a set of
20 standards which interpret, support and provide further details to the requirements of the
HSE Policy.
Within each standard, directive(s) have been developed which instruct the minimum
requirements, responsibilities and business rules that are needed to implement the HSE
policy and HSEMS. Emergency planning and response are covered under two directives;
Crisis and Emergency Management Directive and Incident Management Directive.
The Crisis and Emergency Management Directive (ORG-HSE-DVE-003) defines the
requirements to effectively respond to a crisis and emergency situation to minimise the
impacts on people, environment, plant and/or property (refer to Appendix 10). The
emergency response framework contains three tiers based on potential impacts:




Serious – managed under a site emergency response plan
Critical, Major – managed under a group emergency management plan
Catastrophic – managed under a crisis management plan

It is anticipated that the emergency planning and response that will be required for the
management of emergency CSG water incidents at the Combabula development area will
fall within the serious category. If further analysis determines that a group emergency plan is
required, this will be developed under the corresponding category and likewise, for an
incident that is deemed catastrophic.
The Incident Management Directive (ORG-HSE-DVE-006) details the internally-specified
mandatory response, notification, recording, investigation, corrective and preventative
actions, review, and analysis and reporting requirements for all incidents which fall within the
responsibility of Origin, and subsequently Australia Pacific LNG (refer to Appendix 11). There
are six stages in the incident management process:
Stage 1 – Response and notification
Stage 2 – Incident recording
Stage 3 – Incident investigation
Stage 4 – Corrective and preventive actions
Stage 5 – Incident sign-off
Stage 6 – Review, analysis and reporting
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This directive will be implemented for the emergency management of CSG water within the
Combabula development area to ensure that incidents and potential impacts are
appropriately managed.
16.2

Project specific commitments to emergency planning & response

Preliminary analysis indicates that that the three main areas of relevance for emergency
planning are those events that have the potential for serious negative impact to public health,
the environment and infrastructure assets.
The two major mechanisms for potential harm are unmanaged releases where excessive
volume or inappropriate quality of CSG water, saline effluent or treatment chemical occurs.
Large volume releases could potentially occur if a failure of containment structure such as a
brine pond, feed pond or irrigation dam occurs, or if a containment structure were to
overflow. The potential destination of uncontained water and the quality of the water would
dictate the potential hazard to the public, the environment and infrastructure. Procedures
will be developed to manage the following quantity related emergency incidents for all ponds:



Bund structural failure
Drowning of person/fauna

Emergency management procedures will also be determined for the release of contaminants
outside of authorised limits to the receiving environment (surface water, land, crops) where
public health and environmental impacts are of significant concern. This may occur if there
are contaminant issues with treated CSG water discharged to surface water or used to
irrigate crops/pastures. Procedures detailing the emergency management for the following
incidents will be developed:





Release of contaminant(s) to surface water – public health concern
Release of contaminant(s) to surface water – environmental concern
Release of contaminant(s) to land – public health concern
Release of contaminant(s) to land - environmental concern

Containment failure for chemicals stored at the WTF will also be managed by site emergency
response plans.
Further detailed analysis will be conducted to ensure that additional hazards of significance
to public health, the environmental or infrastructure are identified and the appropriate level of
managed response is detailed in procedures.
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17.

Management Review

As described in Section 16, Australia Pacific LNG operates under an HSEMS to minimise
and manage the impacts on employees, contractors, the environment and the communities
in which the Project operates.
The framework for the CSG water management is based on the continual improvement
methodology of Plan-Develop-Evaluate-Implement and Monitor as shown in Figure 17.1.

Figure 17.1: - Continuous improvement cycle
Continuous improvement of management practices is achieved through setting HSE goals
and targets which are measurable, documented, communicated and reviewed. Australia
Pacific LNG commits to continually assessing the management of CSG water aiming to
minimise the quantity of CSG water produced, maximise the use of CSG water, minimise the
areas of disturbed land and to continually improve water management practices.
Key areas for continuous improvement have been identified:





Strategies to minimise the quantity of CSG water generated at the surface of the land,
Efficient use of CSG water as a resource through direct use and treatment
Continuously improve water management practices employed where non-preferred
management options are being used, and
Minimisation of total area of land disturbed by CSG water dams.

Particular commitments, strategies and metrics for review in relation to each of these key
areas are discussed below.
17.1

Strategies to minimise the quantity of CSG water generated at the
surface of the land

Two main strategies have been developed to minimise the quantity of CSG water generated
at the surface of the land. The first of these strategies will also minimise the drawdown
within overlying and underlying aquifers, and as such, the overall amount of water withdrawn
and brought to the surface. The second strategy classifies gas wells based on the relative
amount of gas and water produced and prioritizes individual well exploitation based on the
classification.
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These strategies are:



Minimising drawdown effects and overall CSG water generation through appropriate
production well construction
Gas well classification and operation strategy to minimise water production

Minimising drawdown effects and overall CSG water generation through appropriate
production well construction
Drawdown effects to overlying and underlying aquifers are strongly controlled by the
thickness and permeability of the intervening aquitard layers between the coal measures and
the Springbok Sandstone and Hutton Sandstone. The Springbok Sandstone unconformably
overlies the Walloon Coal Measures, and in places erosion of the upper Walloon Coal
Measures has resulted in the Springbok being in direct connection with the coal seams.
Thinner accumulations of aquitard material, or lack of it, will lead to greater drawdown
effects.
Some of the effects can be mitigated by effectively increasing the distance, and aquitard
thickness, between the uppermost coal seam and the Springbok Sandstone. This can be
achieved by sacrificing the uppermost coals (where practicable) by sealing them off from the
productive part of the CSG well.
Australia Pacific LNG employs this design in the majority of production wells where
connection is identified. This control measure will continue to be employed (where
practicable) where the aquitards are thin or non-existent.
Gas well classification and operation strategy to minimise water production
Gas wells are classified in relation to their relative water and gas production rates. Typically,
wells are categorized into one of the following four categories:





High gas/high water
High gas/low water
Low gas/high water
Low gas/low water

Classification of the wells enables water production, within a specified time frame, to be
managed and potentially minimized, relative to the gas commitments the Project has made.
Additionally, Australia Pacific LNG prefers to target wells with high gas/low water category,
where possible, thereby reducing the amount of water produced, relative to the amount of
gas produced.
17.2

Efficient use of CSG water as a resource through direct use and
treatment

Australia Pacific LNG has identified several aspects to the ‘efficient use’ of CSG water as a
resource. These are:
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Maximising use of untreated water as a way to improve overall water management
efficiency (reduced treatment and associated energy use)
Efficiently treating the water to maximise water quantity available for use (recovery
efficiency)
Efficiently managing the use of CSG water for a particular beneficial use
Effectively managing the composition of the residual brine stream to maximize re-use
options

Each aspect is discussed below.
Maximising use of untreated water as a way to improve overall water management
efficiency (reduced treatment and associated energy use)
Due to the quality of untreated water, options for the direct use are limited. There may be the
potential for injection of blended water – a mixture of treated and untreated CSG water,
depending on water quality compatibility with the target aquifer. Once trials for the injection
of treated water are sufficiently progressed, investigations will be undertaken regarding the
injection of blended water. This will have the comparative advantage of reducing the energy
and cost of treating CSG water and reducing the need for saline effluent management, an
overall improvement in water management efficiency.
On an annual basis, the amount of blended water injected (and the component of untreated
water blended) can be tracked and compared to these amounts injected in subsequent
years. This can also be equated to a saving in energy required for treatment and a reduction
in the volume of brine ponds required. These amounts can be compared to the overall water
production for the year.
Efficiently treating the water to maximise water quantity available for use (recovery
efficiency)
Maximising the recovery of water from the reverse osmosis process at the WTF will result in
more treated water being available for beneficial use, and a reduction in the need to manage
and dispose of saline effluent. The minimisation of saline effluent has the potential for
significant savings in the area required for brine ponds.
Investigations are underway to improve WTF efficiency and hence water recovery. This
currently involves identifying key parameters and/or water contaminants which limit the
recovery of water through the reverse osmosis membranes and investigating additional
process technologies to address these parameters and contaminants to improve the overall
efficiency of the WTF.
The recovery efficiency of the WTF will be reported on an annual basis. It is likely there will
be a limit to the possible recovery efficiency as there may be a point where increases in
efficiency become technically or economically impractical.
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Efficiently managing the use of CSG water for a particular beneficial use
Australia Pacific LNG is committed to efficiently use treated CSG water for crop/pasture
production within each development area. Significant monitoring of a variety of parameters
which will be used to inform water application rates will be undertaken. Irrigation rates will be
based on weather information such as rainfall, relative humidity, wind speed and direction
and air temperature obtained from weather stations. Flow meters will be installed to
measure the actual amount of water applied and the moisture content of the soil will be
measured. There will also be visual monitoring for signs of soil erosion, which could be used
as an indication of over application or other issues related to land management.
17.3

Continuously improve water management practices employed
where non-preferred management options are being used

As previously discussed (section 8), Australia Pacific LNG CSG water management strategy
employs a ‘base case’ and an ‘optimisation case’ which will be developed in parallel to find
the highest and best use of water produced on a case by case basis. Origin Energy of behalf
of Australia Pacific LNG has undertaken numerous studies over the past three years. Lead
by the extensive research, Australia Pacific LNG has adopted this parallel approach to CSG
water management. This approach has been developed to address uncertainties of water
supply - demand, legislation, technology and commercial arrangements.
Base case options provide a sustainable water management solution that can be readily
applied using existing technologies and customers. The base case for Combabula
development area includes managed discharge to surface water, beneficial use of the water
for irrigation (both existing agriculture and Australia Pacific LNG owned and operated
agriculture), provision to existing agricultural users and the use of water for on-tenure
construction purposes.
On an annual basis the following metrics will be used to indicate the continuous improvement
and environmental benefits resulting from the base case water management options noted:








The percentage of treated CSG water managed through ‘preferred management
options’ vs ‘non-preferred management options as defined in the Coal Seam Gas
Water Management Policy (DERM 2010). This metric can be broken down to provide
the relative percentage for each beneficial reuse option (irrigation and construction)
Conversely for salt, the percentage of salt managed through ‘preferred management
options’ vs ‘non-preferred management options as defined in the Coal Seam Gas
Water Management Policy (DERM 2010)
Record any reduction in volume of water discharged to surface water relative to the
approved discharge limit in the Environmental Authority
Record the number of days discharge did not occur based upon the allowed
discharge regime
Note any positive environmental benefits achieved such as increased WASOs, EFOs
and increased surface water ecosystem health or surface water quality improvements
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Estimate the avoided groundwater/surface water extractions by other users who
receive CSG water (directly or indirectly)
Estimate the number of jobs created from beneficial reuse activities and revenue
generated from beneficial reuse activities

The optimisation case will be adopted specific to the situation and conditions encountered at
Combabula and adoption will be in sequence with option development. The optimisation
options are considered to provide potential further benefit once technology, negotiations and
legislation have evolved and groundwater and surface water monitoring programs are
implemented. Optimisation options for Combabula are:





Reinjection in areas where suitable receptor aquifers identified. Technology subject to
regional trials
Aggregation and management of water in conjunction with other producers and
suppliers
Brine concentration and crystallisation for the recovery and re-sale of selective salt
recovery
Ocean outfall of saline effluent at Gladstone

As optimisation options are developed and implemented, the following metrics will be used to
indicate the continuous improvement resulting from these developments:






17.4

Reporting of trial results to indicate progress with the development and
implementation of the optimisation case
The increase in the water managed through ‘preferred management options’ that is
attributable to the optimisation case being implemented. This can be broken down to
provide relative percentages for reinjection and aggregated water management
Estimate the avoided groundwater/surface water extractions by other users who
receive CSG water (directly or indirectly)
Estimate the number of jobs created from beneficial reuse activities and revenue
generated from beneficial reuse activities
Minimisation of total area of land disturbed by CSG w ater dams

There are three main areas where Australia Pacific LNG will work to minimise the total area
of land disturbed by CSG water dams. These are:


Recovery efficiency of the reverse osmosis process at the WTFs. Efficiency gains will
result in the minimisation of the saline effluent stream and the subsequent land area
needed for brine ponds to store and manage the saline effluent. A small efficiency
gain in water recovery has the potential for significant reduction in the brine pond area
required.
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Discharge to surface water enables operational flexibility and directly reduces the
need for contingency holding ponds and irrigation water holding ponds which will
significantly reduce the land disturbance.
Development of optimisation options for brine management to reduce the size of brine
ponds required and the overall land area disturbed by these ponds. For example,
brine concentration/crystallisation for high quality salt recovery will reduce the area
required for brine ponds, as will ocean disposal of brine.
Integrity of containment for brine. This will limit the amount of contaminants released
into surrounding land.

The metrics that will be used to demonstrate progress in these areas will be:





WTF recovery efficiency gains, the reduction in saline effluent achieved and
subsequent reduction in brine ponds footprint required to manage the saline effluent
Calculations showing the pond footprint avoided based on the quantity of water
discharged
Reduction in brine pond requirements based on the development of optimisation
options
Reporting on integrity of containment which could include the number of leaks
detected, the number of repairs undertaken and the volume of seepage collected
from the secondary liner in the drainage system
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18.

Reporting

Each aspect of CSG water management will be rigorously monitored and reported. The
proposed monitoring for discharge to surface water, irrigation, saline effluent management
and aquifer injection trials is detailed in section 15. The reviews and reporting that will be
conducted in relation to the monitoring programs are summarised in this section.
18.1

Monitoring program review

Each monitoring program will be reviewed periodically on a set basis that is relevant to each.
An internal review of all monitoring programs will be conducted upon collection a meaningful
amount of data. The timeframe for review of each program may vary, and will be influenced
by the type of monitoring conducted, the frequency of data collection and the results obtained
from the monitoring. If clear and stable trends are determined it may be feasible to suggest a
reduction in frequency of monitoring for particular parameters or conditions, or at particular
locations. If certain parameters regularly go undetected, Australia Pacific LNG may
recommend that these are not tested for on a regular basis. If a parameter of particular
concern is noted, an increase in monitoring frequency and sampling locations may be
suggested and voluntarily undertaken before formal requirements to do so are implemented.
Recommendations for formal changes to monitoring programs will be submitted to the
administering authority as appropriate.
18.2

Notification of exceedence or non-compliance

Monitoring results will be reviewed regularly on an ongoing basis and non-compliance or
exceedence of conditions in the Environmental Authority will be reported within the relevant
timeframe to the appropriate authority. Australia Pacific LNG will internally report noncompliances or exceedences to management as soon as possible upon receipt of the
results. Notification to the relevant administering authority will be done on a timeframe in
accordance with the conditions of the Environmental Authority and it is anticipated this
timeframe will be relevant to the type of exceedence that has occurred. For example, if the
monitoring results for discharge water quality indicate that there has been an exceedence of
a parameter relevant to public health, the OWSR should be notified on their Water Hot Line
(1300 596 709). Depending on the risk or severity of exceedence of environmental based
conditions, a longer notification period may be appropriate, for example 5-10 business days
after the exceedence has been confirmed by receipt of the relevant monitoring results.
18.3

Regular reporting

Regular reporting to the administering authority will be conducted at intervals specific to the
monitoring program, and will be done at least annually for all ongoing operations. The
results of the aquifer injection trials will be done upon completion of the trials and before the
application is made for the Environmental Authority governing full-scale injection operations.
For discharge to surface water, source and treated water monitoring results will be reported
quarterly and annually to the administering authority. Internal interim reporting will be
conducted for the seasonal results of the REMP and annually to the administering authority.
Irrigation and saline effluent management reporting will be submitted to the administering
authority annually.
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If any monitoring information of significance is noted that is not an exceedece of EA
conditions and warrants reporting to the administering authority outside of regular reporting
periods, Australia Pacific LNG will pro-actively report the information to the administering
authority in addition to the regular reporting submissions.
18.4

Procedures to prevent unauthorised environmental harm or noncompliant monitoring results

Specific procedures to prevent unauthorised environmental harm or non-compliant
monitoring results will be developed as required and will be specific to the management
practices employed to ensure compliant operations.
To assist in the prevention of unauthorised environmental harm and non-compliant
monitoring results relative to CSG water management and in particular the discharge to
surface water and beneficial re-use of CSG water, significant CSG water characterisation
has been completed at the Talinga development area. This characterisation enabled an
increased understanding of the parameters present, concentration levels and the ability of
WTFs to successfully remove/reduce contaminants of concern from treated CSG water.
In addition to the characterisation already completed, online monitoring of pertinent
parameters will be conducted at the WTF with process control measures in place to ensure
that water will be recycled within the facility for further treatment if water is out of specification
for critical quality parameters such as pH, conductivity, temperature, total chlorine, dissolved
oxygen and ammonia. Specific operational procedures will be developed for the operation of
the WTF.
To help ensure compliance of saline effluent management with the environmental authority, a
number of methods will be employed.
These will include daily pond water level
measurements to ensure water levels remain below top operating water levels(TOWLs) and
mandatory report levels (MRLs). Ongoing routine maintenance of bund walls will be
conducted. Continuous operation of an electric leak detection system within the secondary
liner system will provide indication of leaks within the primary liner and be used to assist with
the prevention of leaks occurring beyond the secondary liner. An annual inspection (and
subsequent report) of regulated dams will be conducted to confirm structural integrity of the
ponds and advise additional maintenance requirements.
These methods will be
proceduralised as appropriate.
The potential for unauthorised environmental harm caused by irrigation will be managed
proactively and documented in procedures where appropriate. For example, over-irrigation,
runoff and deep drainage will be prevented by monitoring the quantity of water applied and
soil moisture monitoring devices will provide a check on the water used and any movement
below the root zone. Water balance modelling will be used to determine crop water use and
result in water application which is in accordance with crop requirements. To prevent soil
structural problems such as compaction, heavy machinery use will be limited as much as
possible, to times when the soil is dry and operated with appropriate tyres, pressures and
loadings to minimise compaction. Large floatation tires are likely to be used on the harvester
to minimise this problem. To prevent soil structural problems such as dispersion due to
sodium in the irrigation water a monitoring and amendment process will be used to ensure no
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structural problems develop. Maintaining soil structure will also help to prevent soil erosion
issues and maintain good infiltration.
For the aquifer injection trials, hazards will be assessed prior to commencement of the
injection trial and appropriate preventative measures will also be proposed. For details of the
hazards that will be assessed prior to the commencement of the trial, refer to section 13.
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Receiving Environment Monitoring Program: Yuleba Creek

Summary
Introduction
Origin proposes to discharge treated coal seam gas (CSG) water (permeate) to natural
waterways as a part of the Australia Pacific LNG Project (Australia Pacific LNG). Yuleba
Creek has been identified as the receiving environment for the proposed discharge from the
Reedy Creek Water Treatment Facility (WTF).
This report has been prepared by frc environmental and Australia Pacific LNG, and sets out
the proposed design of the Receiving Environment Monitoring Program (REMP) for the
proposed discharge from Reedy Creek into Yuleba Creek. The aims of the REMP are to:


describe the background condition of waterways in the receiving environment,
including a description of key communities and ‘background’ (i.e. without
impacts from the proposed discharges) water quality characteristics



describe the environmental values (EVs) and water quality objectives (WQOs)
of the receiving environment



identify and describe the extent of any adverse environmental impacts to local
environmental values



monitor any changes in the receiving water



determine background values for the receiving environment within four years

The proposed discharge is from Reedy Creek WTF to Yuleba Creek.
The receiving environment of the Talinga discharge location is defined in EA PEN100067807
as the Condamine River downstream to Cotswold gauging station (approximately 120 km
downstream of the discharge point).
The receiving environment for the Reedy Creek discharge location has not yet been defined
by the Department of Environment and Resource Management (DERM), but based on the
distance of the receiving environment for Talinga, the receiving environments is proposed as:


the discharge location within Yuleba Creek to the confluence with the Balonne
River, approximately 120 km)



the suitability of this distance for defining the receiving environment will be
reviewed based on the results of baseline monitoring, and the definition of the
receiving environment will be refined as required

The REMP will be conducted for two years. Monitoring will commence at the next soonest
opportunity following approval of the REMP and seasonal monitoring requirements indicated
in the REMP. This will include monitoring in Yuleba Creek so that baseline data can be
collected prior to the commencement of the Reedy Creek discharge. At the completion of
the two years, the scope and scale of the REMP (including a revision of the extent of the
receiving environment and the number of survey sites) will be reviewed and revised as
appropriate.
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The Receiving Environment
The receiving environment is part of the Condamine-Balonne River Catchment, which is
18 131 km2 in area, contains approximately 3,636 km of streams, and comprises
approximately 16% of the Maranoa, Balonne and lower Condamine system, and 1.7% of the
Murray-Darling Basin.
The most recent and relevant surveys of the receiving environments were undertaken as a
part of the Australia Pacific LNG Project Environmental Impact Statement (EIS)
(Hydrobiology 2009, 2010).
The EIS involved a pre-wet and post-wet survey of
approximately 20 sites in the Condamine-Balonne River Catchment for aquatic habitat, water
quality, macrophytes, macroinvertebrates and fish. The EIS also summarises previous
studies done in the region.
The ecological health of the Condamine-Balonne River Catchment is considered to be poor
to moderate and has been impacted by agricultural development and water resource
development within the region. Yuleba Creek is an ephemeral watercourse that may hold
permanent or semi-permanent water holes after the wet season. Large flood flows also
occur in the creek during the wet season.
Water quality in the Condamine-Balonne River Catchment is currently poor and is
characterised by high turbidity, nutrient and sometimes contaminant levels, and low or
variable dissolved oxygen levels.
The coverage and richness of macrophytes in the Condamine-Balonne River Catchment is
currently low, and no rare or threatened species were recorded during the Australia Pacific
LNG EIS surveys.
Richness and abundance of macroinvertebrate communities is moderate compared with the
expected natural condition, with species both tolerant and sensitive to disturbance being
recorded in Yuleba Creek. Taxa that do not have a preference for particular flow and
substrate conditions were common in the Condamine River in the dry season, as were those
that have a slight preference to low flow conditions and fine substrates. A similar result was
noted for Yuleba Creek. However, taxa that prefer high flows and coarse substrates were
sampled from the Condamine River during the wet season, but this trend was not noted for
Yuleba Creek in the wet season.
Richness and abundance of fish communities in the Australia Pacific LNG EIS study area
was moderate. The declared noxious mosquitofish, an introduced species, was recorded
from Yuleba Creek. No rare or threatened species of aquatic fauna were recorded during the
Australia Pacific LNG EIS surveys. However, the threatened Murray cod is known from the
Condamine-Balonne River Catchment, yet is unlikely to be located Yuleba Creek.
Preliminary Environmental Values and Water Quality Objectives
The list of preliminary environmental values (EVs) that apply to the receiving environment is:







aquatic ecosystem (slightly to moderately disturbed)
irrigation and farm water supply (does not include drinking water)
stock watering
drinking water
primary, secondary and visual recreation, and
cultural and spiritual values.
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Confirmation of the EVs for the receiving environment will be sought from DERM during the
REMP review process.
Preliminary WQOs have been proposed for the receiving environment for both water and
sediment quality, based on the national ANZECC & ARMCANZ (2000) guidelines; and
published trigger levels to protect the other identified EVs (where available).
As the discharge of treated CSG water is proposed to be undertaken, an eco-toxicology risk
assessment (in accordance with ANZECC/ARMCANZ (2000) methodology) will be
undertaken by Australia Pacific LNG.
If the results of background sampling reveal that guideline trigger levels specific to aquatic
ecology are exceeded, or in the absence of guidelines, where potential risk to environmental
values has been identified, a risk assessment (to be completed by Australia Pacific LNG) will
determine whether toxicity bioassay(s) will provide value. If required, the toxicity bioassay(s)
will be undertaken in accordance with the ANZECC & ARMCANZ guidelines and other
‘current best practice’ standards, and the proposed methodology will be confirmed with
DERM prior to completing the toxicity bioassay(s).
Monitoring Program Design
Three sites in the receiving environment, and two background sites will be monitored in
Yuleba Creek during the REMP. Flows, bank stability, water quality, sediment quality,
plankton, macrophytes, macroinvertebrates and fish will be the key indicators for monitoring.
Water Flows
The volume of water released from the discharge location will be measured and recorded,
and flow records will be obtained from the gauging station in Yuleba Creek at Forestry
Station (422219A). In addition to the data collected from the stream flow gauging stations,
flow at each of the sites will be recorded during REMP surveys.
Bank Stability
Bank stability will be monitored twice per year in Yuleba Creek (notionally in the wet season
(summer) and post-wet season (autumn)), using the Sustainable Rivers Audit physical
habitat methodology.
Results of sediment quality sampling for concentration of cations, anions and sodium
absorption ratio (SAR) will also be used to determine soil sodicity, and to comment on the
risk of dispersion.
Water Quality
Water quality at the receiving environment and background sites will be monitored
throughout the duration of the REMP, regardless of whether water is being discharged. It is
intended to sample water quality twice per year in the wet season at the Yuleba Creek sites
(notionally in the wet season (summer) and post-wet season (autumn); as Yuleba Creek is
ephemeral and expected to be dry for the rest of the year). Two replicate samples will be
collected per site.
The parameters to be monitored are consistent with the indicators currently monitored in
DERM’s regional water quality sampling program.
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Sediment Quality
Sediment quality will be monitored in conjunction with water quality monitoring.
Two replicate sediment samples from both the bed and banks will be collected and analysed
for the parameters currently monitored in DERM’s regional water quality sampling program.
Plankton
Plankton will be surveyed as indicators of impacts due to a reduction in the concentration of
ions (e.g. calcium and magnesium) in the receiving environment. Samples will be collected
in a plankton trawl net (250 µm mesh), preserved and sorted to determine the species
composition of zooplankton at each site.
Macrophytes
Macrophyte communities and algae abundance will be monitored twice per year at each site:
notionally in the pre-wet season (spring) and the post-wet season (autumn) at the
Condamine River sites, and in the wet season (summer) and the post-wet season (autumn)
at the Yuleba Creek sites.
At each site, macrophytes and algae will be surveyed along three 50 m by 1 m belt transects.
The percent cover of floating, emergent and submerged macrophytes will be visually
estimated by species, noting listed threatened and exotic (and declared noxious) species.
Macroinvertebrates
Macroinvertebrates will be monitored twice per year at the Yuleba Creek sites, in the wet
season (summer) and the post-wet season (autumn).
Macroinvertebrate sample collection will broadly follow the standard AusRivAS methodology,
with respect to habitat selection and sampling technique. However, rather than a single
sample, five samples will be collected per habitat. Habitat at each site will be described
using AusRivAS protocols. Each site will be given a habitat assessment score using the
River Bioassessment Program datasheet (DNRM 2001).
Fish
Fish communities will be monitored twice per year at each site: notionally in the wet season
(summer) and the post-wet season (autumn) at the Yuleba Creek sites.
Fish communities will be surveyed using a combination of backpack or boat electrofishing
(depending on the nature of the waterway being sampled), seine and set nets, baited traps
and dip nets. At each site, the species present and the abundance of each species by life
history stage (juvenile, intermediate, adult), the length frequency distribution for each
species, and the apparent health of individuals will be recorded.
Onsite Observations
General observations will be recorded at each site during each sampling event, to provide an
‘early warning’ of potential adverse impacts. In particular, algal blooms, unusual deposits of
sediment, any evidence of chemical precipitation, and the presence of dead aquatic fauna
will be recorded. If these are detected, this will trigger further investigations of recent
releases, and of water and sediment quality results.

commercial-in-confidence

Q-LNG01-15-PS-0002

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

iv

Receiving Environment Monitoring Program: Yuleba Creek

Data Analysis and Reporting
Interim reports will be provided after each survey event, and will provide a preliminary
comparison of the results to relevant WQOs and other standards, and a preliminary
discussion of potential impacts to the receiving environment.
Annual reports will also be provided, and will include comparison to the relevant WQOs and
other standards, and an assessment of potential impacts to the receiving environment. This
will include the use of univariate and multivariate statistical analyses where appropriate. The
annual report will also provide recommendations regarding the definition of the receiving
environment, monitoring program design, and / or management of discharges as required.
Derivation of Site Specific Background Values
Data from the background sites will be pooled to determine background values for Yuleba
Creek in accordance with the methods outlined in Section 4.4 of the QWQG.
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1.

Introduction

Origin proposes to discharge treated coal seam gas (CSG) water to natural waterways as
a part of the Australia Pacific LNG Project (Australia Pacific LNG). Yuleba Creek has
been identified as the receiving environment for the proposed discharge from the Reedy
Creek Water Treatment Facility (WTF).
Discharge from Reedy Creek WTF will occur as per the flow regime specified in governing
Environmental Authority (EA).
This report has been prepared by frc environmental and Australia Pacific LNG, and sets
out the proposed design of the Receiving Environment Monitoring Program (REMP) for
the discharge. The aims of the REMP are to:


describe the background condition of waterways in the receiving
environment, including a description of key communities and ‘background’
(i.e. without impacts from the proposed discharges) water quality
characteristics



describe the environmental values (EVs) and water quality objectives
(WQOs) of the receiving environment



identify and describe the extent of any adverse environmental impacts to
local environmental values



monitor any changes in the receiving water, and



determine background values for the receiving environment within four
years.

Flows, bank stability, water quality, sediment quality, macrophytes, plankton,
macroinvertebrates and fish will be the key indicators monitored during the REMP.
The receiving environment of the Talinga discharge location is defined in EA
PEN100067807 as the Condamine River downstream to Cotswold gauging station
(approximately 120 km downstream of the discharge point).
The receiving environment for the Reedy Creek discharge locations has not yet been
defined by the Department of Environment and Resource Management (DERM), but
based on the distance of the receiving environment for Talinga, the receiving environment
is proposed as:


the discharge location within Yuleba Creek to the confluence with the
Balonne River (approximately 120 km).

The suitability of this distance for defining the receiving environment will be reviewed
based on the results of baseline monitoring, and the definition of the receiving
environment will be refined as required.
The REMP will be conducted for two years. Monitoring will commence at the next soonest
opportunity following approval of the REMP and seasonal monitoring requirements
indicated in the REMP. This will include monitoring in Yuleba Creek, so that baseline data
can be collected prior to the commencement of the Reedy Creek discharge. At the
completion of the two years, the scope and scale of the REMP (including a revision of the
commercial-in-confidence
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extent of the receiving environment and the number of survey sites) will be reviewed and
revised as appropriate.
Interim reports describing the results of monitoring will be completed after each monitoring
event. Annual interpretive reports will also be completed, which will analyse spatial and
temporal trends, and provide recommendations regarding the definition of the receiving
environment, monitoring program design, and / or management of discharges as required.

commercial-in-confidence

Q-LNG01-15-PS-0002

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

2

Receiving Environment Monitoring Program: Yuleba Creek

2.

Description of the Receiving Environment

2.1

Location of the Potentially Impacted Waterways

The proposed Reedy Creek discharge location is on Yuleba Creek, which is located in the
Condamine-Balonne River Catchment and flows to the Balonne River approximately
27 km downstream of the Cotswold gauging station.
The Condamine-Balonne River Catchment is 18 131 km2 in area, contains approximately
3 636 km of streams, and comprises approximately 16% of the Maranoa, Balonne and
lower Condamine system, and 1.7% of the Murray-Darling Basin (Figure 2.1 & Figure 2.2).
2.2

Previous Relevant Surveys

The most recent and relevant surveys of the receiving environments were undertaken as
a part of the Australia Pacific LNG Project Environmental Impact Statement (EIS)
(Hydrobiology 2009, 2010). The EIS involved a pre-wet and post-wet survey of
approximately 20 sites in the Condamine-Balonne River Catchment for aquatic habitat,
water quality, macrophytes, macroinvertebrates and fish. The EIS also summarises
previous studies done in the region, including a State of the Rivers assessment (Van
Manen 2001), Sustainable Rivers Audit (MDBC 2004), Aquatic Conservation
Assessments using the AquaBAAM methodology completed by DERM, and the
SmartRivers program (see EM 2005).
DERM also undertake regular stream flow and water quality monitoring at the following
gauging station relevant to the REMP study area:


Yuleba Creek at Forestry Station gauging station (422219A), approximately
86 km downstream of the Reedy Creek discharge location.

DERM have also surveyed macroinvertebrates at this site in the past.
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Australia Pacific LNG Project REMP
Figure 2.1 The Maranoa, Balonne and Condamine River catchments, showing the
approximate location of the proposed Reedy Creek discharge location.
Adapted from Van Manen 2001
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Australia Pacific LNG Project REMP
Figure 2.2
Approximate location of the proposed
Reedy Creek discharge location in the Murray Darling
Basin.
Adapted from (DEWHA 2008)
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2.3

Aquatic Habitat

The following description of the aquatic habitat of the Condamine-Balonne River
Catchment is a summary of the State of the Rivers report for the sub-catchment of the
Maranoa, Balonne and Lower Condamine System (Van Manen 2001), and surveys
completed as a part of the Australia Pacific LNG EIS (Hydrobiology 2009).
In the State of the Rivers assessment, 1% of the subcatchment was in very poor condition
(ratings for most categories were very low, and the bed and bank habitats were very
unstable); 22% was in poor condition (ratings for most categories were low, and the bed
and bank habitats were unstable); 55% was in moderate condition (ratings for most
categories were moderate, and the bed and bank habitats were moderately stable); 21%
was in good condition (ratings for most categories were high, and the bed and bank
habitats were stable) and 1% was in very good condition (ratings for most categories were
very high, and the bed and bank habitats were very stable).
The Condamine-Balonne River has perennial water holes and an intermittent flow regime.
Other waterways in the Australia Pacific LNG Project area (including Yuleba Creek) have
ephemeral or intermittent water holes and an ephemeral or intermittent flow regime. The
river carries large flood flows. During flood events, instream habitat is altered due to
scouring, sediment transport, erosion and the deposition of material such as large woody
debris; i.e. instream habitat is not constant over time (EECO 2009).
The majority of sites surveyed during the Australia Pacific LNG EIS study were in poor or
very poor condition, due to low instream habitat cover and diversity, surrounding landuses (including clearing of riparian vegetation) and low bed and bank stability
(Hydrobiology 2009). However, five of the sites located in the Condamine-Balonne River
Catchment were in good condition. In contrast to those sites in poor condition, these sites
had good channel and habitat diversity, few impacts from surrounding land uses and good
riparian cover (including good connectivity and shading of the watercourse) (Hydrobiology
2009).
In general, the aquatic habitat condition of larger perennial or intermittent waterways such
as the Condamine-Balonne River is likely to be greater than that of smaller, ephemeral
waterways such as Yuleba Creek. This is because there is generally a greater diversity of
habitat types (such as runs and riffles during periods of flow), and the permanent nature of
the water holes supports the growth of species sensitive to desiccation (such as
submerged macrophytes), which in turn provides habitat and food for aquatic fauna.
Conversely, there are harsh physical and chemical conditions associated with drying
pools in ephemeral systems, such as a loss of habitat as water levels recede, and
declines in water quality in remaining pools (including increased temperature, decreased
dissolved oxygen levels and a concentration of nutrients, salts and contaminants
(Hydrobiology 2009 and references cited therein).
2.4

Water Quality

Generally, the Condamine-Balonne River system, including the Australia Pacific LNG
study area, is characterised by high turbidity that exceeds guideline values (DEWHA
2007a; Hydrobiology 2009). The highest turbidities are in the less intensively cultivated
lower reaches of the catchment, which indicates that the natural soil type of the region
may be the cause of high turbidity recordings (DEWHA 2007a). However, vegetation
clearing and cattle grazing are known to cause erosion, and are likely to contribute to high
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turbidity (DEWHA 2007a). No significant increases in turbidity have been reported in the
Condamine-Balonne River Catchment over the last decade; however, turbidity levels
generally increase with distance downstream (DEWHA 2007a). Nutrient levels can be
high in the catchment (DEWHA 2007a), with nutrient levels exceeding the Queensland
Water Quality Guidelines during the EIS surveys (Hydrobiology 2009). Aluminium and
copper concentrations exceeded the ANZECC & ARMCANZ (2000) trigger levels in the
EIS survey area (Hydrobiology 2009).
Agriculture in the Condamine-Balonne River Catchment has a strong reliance on the use
of pesticides and fertilisers. The herbicide atrazine can persist in both soil and water for a
long time. Low levels of atrazine residues have been consistently detected in the aquatic
environment of the Condamine-Balonne River Catchment, especially close to cropping
lands (CA 2004). High surface water concentrations of atrazine and endosulfan have
been recorded in up to 91% of samples from some weirs in the Uplands and the Upper
Floodplain of the catchment (CA 2004).
In general, the water quality of ephemeral streams within the Condamine-Balonne system
(such as Yuleba Creek) is poor, and is characterised by high turbidity levels and high
nutrient and contaminant levels (as these get transported into streams in association with
sediment runoff). Water temperatures increase and dissolved oxygen concentrations
typically decrease in isolated pools as they dry out (Boulton 2003). The water quality of
flowing streams is typically better than that of ephemeral streams, and characterised by
lower turbidity (at least during the dry season when sediment settles from suspension)
and higher concentrations of dissolved oxygen, due to mixing. Other water quality
parameters (such as conductivity and pH) are likely to primarily be dictated by the source
of water (e.g. the quality of water from springs is likely to be different to that of surface
runoff).
Water quality was tested (as part of the Australia Pacific LNG EIS) at two sites
downstream of the proposed discharge site for the Combabula tenement on Yuleba Creek
(refer to Appendix A for a figure showing survey sites. The survey sites for Yuleba Creek
are denoted GF9 and GF 10). Sampling occurred twice during the 2009 dry season and
once during the 2010 wet season and the results are shown in Table 2.1.
The results showed that water quality within Yuleba Creek was similar to that within the
greater Condamine-Balonne River Catchment. Conductivities were low during the dry
season but increased above guideline values during the wet season. Turbidity was high
throughout the sampling period, as were nutrient and ammonia levels. Dissolved oxygen
levels were low during the dry and wet season sampling. The additional levels of
sediment and organic matter from recent inflows and elevated antecedent temperatures
may have led to increased oxygen demand and reduced solubility. Elevated levels of
copper were also recorded, which is consistent with other water quality results within the
greater Condamine-Balonne River Catchment.
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Table 2.1
Analytes
Temp
Cond
pH
Turbidity
DO
TDS
TSS
NH4
NOX
TKN
TN
TP
FRP
Al (d)
Cu(d)
Mn(d)
B(d)
Fe(d)
Al (t)
Cu(t)
Mn(t)
B(t)
Fe(t)

Unit of
Measure
o
C
µS/cm
pH unit
NTU
% Sat
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Summary of Water Quality results from sites sampled within Yuleba Creek
Guideline
340
6.5-7.5
25
90-110

0.01
0.015
0.25
0.03
0.015
0.055
0.0014
1.9
0.37

Min
9.82
145
7
71.3
56
122
32
0.03
0.03
0.8
1
0.005
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Dry 1
Max
12
251
7.52
78.9
59.4
158
110
0.06
0.53
1
1.4
0.12
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Median
10.91
198
7.26
75.1
57.7
140
71
0.045
0.28
0.9
1.2
0.0625
0.005
0.005
0.003
0.239
0.0025
0.0025
2.66
0.002
0.387
0.0025
5.01

Dry 2
Max

Min

Median

0
147

0
273

210

150.6

177

163.8

184
75
0.03
0.08
0.8
0.9
0.2
0.005
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

199
252
0.03
0.16
3
3.2
0.44
0.01
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

191.5
163.5
0.03
0.12
1.9
2.05
0.32
0.0075
0.005
0.003
0.811
0.0025
0.0025
3.89
0.004
1
0.06
6.45

Min
17.46
440
7.32
23
47.9
268
24
0.005
0.02
0.9
0.9
0.1
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94

Wet
Max
22.02
752
7.72
341
88.4
436
40
0.02
0.09
0.9
1
0.12
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94

Median
19.74
596
7.52
182
68.15
352
32
0.0125
0.055
0.9
0.95
0.11
0.005
0.005
0.005
0.594
0.07
0.0025
0.52
0.001
0.535
0.06
1.94

Red denotes where median value of sites sampled exceeds current guideline values (ANZECC 2000 or Queensland Water Quality Guidelines, 2009)
Source:. (ANZECC 2000 or Queensland Water Quality Guidelines, 2009) and (Hydrobiology, 2010) (Hydrobiology, 2009)
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2.5

Macrophytes

In general, macrophyte richness and abundance is low in the Condamine-Balonne River
Catchment. Emergent macrophytes are the most common form, with common emergent
macrophytes including common reed (Phragmites australis), cumbungi (Typha spp.),
knotweeds (Persicaria sp.), sedges (Cyperaceae) and the introduced weed species
alligator weed (Alternanthera philoxeroides) and para grass (Urochloa mutica) (Van
Manen 2001; frc environmental 2009a; Hydrobiology 2009).
At sites where water clarity allowed for a visual assessment of macrophytes in the State of
the Rivers survey, low turbidity also supported the growth of submerged macrophytes that
were recorded at 38% of sites, including species such as native watermilfoil (Myriophyllum
spp.) and hornwort (Ceratophyllum demersum) (Van Manen 2001). Floating vegetation
was only recorded at 4% of the sites that were surveyed, and included water snowflake
(Nymphoides indica), swamp lilies (Ottelia ovalifolia), nardoo (Marsilea mutica), and Azolla
spp. (Van Manen 2001). Ludwigia spp. is also a relatively common floating macrophyte
species in the catchment (frc environmental 2009b; Hydrobiology 2009).
In general, there is a lower diversity and coverage of macrophytes in ephemeral
waterways (such as Yuleba Creek) than in perennial waterways, and communities are
dominated by emergent species. Ephemeral waterways do not offer good habitat for
submerged macrophytes, as these plants are sensitive to desiccation and die when
ephemeral waterways dry out. Similarly, ephemeral watercourses in the CondamineBalonne River Catchment are generally characterised by high turbidity (Hydrobiology
2009), which may not allow sufficient light penetration through the water column for the
growth of macrophytes on the substrate. Conversely, perennial waterways offer stable,
permanent water holes that may be colonised by emergent, floating and submerged
macrophytes, particularly where these waterways have lower turbidity.
Rare and Threatened Species
Eleocharis blakeana and Fimbristylis vagans have been recorded from, or are likely to
occur in, the Condamine-Balonne River Catchment. These species are classified as
‘Near Threatened’ under the Nature Conservation Act 1992 (as listed under the Nature
Conservation (Wildlife) Regulation 20061).
Eleocharis blakeana (family Cyperaceae) grows in ephemeral watercourses and is often
associated with brigalow and belah woodland and on clay soils (Harden 1993).
Fimbristylis vagans (fringing rush; family Cyperaceae) is associated with clay pans, open
sedge land and sparse-tussock grasslands on shallow alluvial sand plains (DERM 2005)
but may also occur in other ecosystems (other species of Fibristylis are common in
pastures of central Queensland) (Anderson 1993).
2.6

Macroinvertebrates

Refer to Appendix B for a description of the macroinvertebrate indices discussed below.
Between 13 and 35 taxa were recorded in edge habitat at each site in the Australia Pacific
LNG EIS survey area in edge habitat in the dry season, with 24 taxa recorded at the site
in Yuleba Creek (Hydrobiology 2009). Richness was slightly lower at each site in the wet

1

Reprint No. 1C, as in force on 21 May 2010.
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season, with 12 to 29 taxa recorded per site in the catchment, and between 15 and 18 at
sites on Yuleba Creek (Hydrobiology 2010).
Sites on the Condamine River had higher numbers of PET families in edge habitat than at
tributary sites such as Yuleba Creek during both surveys, with four PET families recorded
in the edge habitat at two of the three sites surveyed in the river. In comparison, only one
PET taxa was recorded from Yuleba Creek in the dry season, and two per site were
recorded in the wet season. In general, PET richness of <1 is indicative of degraded water
or habitat quality, PET richness of 1 – 4 is considered to indicate moderate water / habitat
quality, and PET richness of >4 indicates good water / habitat quality. That is, PET
richness at the site in Yuleba Creek was indicative of moderate habitat and / or water
quality.
The interpretation of SIGNAL 2 scores in conjunction with the number of
macroinvertebrate families recorded, enables the simple characterisation of aquatic
macroinvertebrate communities on a bi-plot. Communities from edge habitat in Yuleba
Creek were within quadrants 2 and 4 of the bi-plot, which indicates these communities are
likely to be influenced by high turbidity, nutrient and salinity levels or other forms of
disturbance such as urban, agricultural or industrial runoff or flow regulation (Hydrobiology
2009, 2010). Other studies in the region had similar results (e.g. frc environmental 2009c
and references cited therein).
Communities from edge habitat in the Condamine River had a higher proportion of taxa
from the shredder functional feeding group than communities from composite bed habitat
or communities from edge habitat at other sites in the study area (including Yuleba Creek)
(Hydrobiology 2009, 2010). This specialist feeding group is generally more sensitive to
disturbance than more generalist feeders such as predators or scavengers.
At Yuleba Creek, most macroinvertebrate taxa recorded during both surveys either did not
have a preference for flow conditions, or they had a preference for low / no flow
conditions. Similarly, these taxa either did not have a preference for substrate type, or
they had a preference for fine substrate (sand and silt). This was to be expected given
that the survey sites were characterised by isolated pools containing fine substrates,
which was representative of Yuleba Creek during most of the year (Hydrobiology 2009).
It is important to consider the results of each macroinvertebrate indices when determining
the condition of a site or stream, and also to consider seasonal data. Overall, the
macroinvertebrate communities from Yuleba Creek are indicative of moderate habitat and
water quality. It is likely that macroinvertebrate richness, particularly in terms of the
number of sensitive species present, is lower than natural (pre-development) conditions.
Macrocrustaceans
The following macrocrustacean species have been recorded from the Condamine
Catchment (frc environmental 2009b, c, d; Hydrobiology 2009, 2010):


Cherax destructor (yabby)



Cherax depressus (orange-fingered yabby)



Cherax quadricarinatus (red claw crayfish)



Macrobrachium australiense (common Australian river prawn)



Paratya australiensis (Australian paratya (shrimp)), and
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Caradina sp. (freshwater shrimp).

Of these, native yabby (Cherax. sp.), red claw crayfish and Australian river prawn were
captured from Yuleba Creek during the Australia Pacific LNG EIS surveys.
Parastacids (freshwater crayfish), the largest freshwater invertebrate family, are common
in a variety of habitats such as lakes, streams, ponds and swamps. Cherax is a common
genus of this family, and is also known as the yabby. Yabbies are omnivorous, and feed
on decaying plant matter, aquatic invertebrates and fish. They are able to aestivate in
their burrows (which may be up to 2 m deep) to survive droughts (Gooderham & Tsyrlin
2002). Cherax are moderately tolerant of poor water quality (Chessman 2003), including
low concentrations of dissolved oxygen, which allows them to survive in ephemeral
streams that are impacted by surrounding land-uses.
Freshwater prawns (Macrobrachium sp.), unlike yabbies, are not resistant to desiccation
and therefore mostly inhabit permanent waterbodies (Williams 1980). Freshwater prawns
feed on decaying organic matter (Gooderham & Tsyrlin 2002). Atyid shrimps (including
Paratya and Caradina) are more tolerant of seasonal drying of creeks and rivers, breeding
when creeks become a series of poorly connected pools (Gooderham & Tsyrlin 2002).
However for the first months of their lives the shrimp have a planktonic stage (Gooderham
& Tsyrlin 2002) and are therefore unable to survive complete drying of the pools at such
time.
2.7

Fish

Condamine-Balonne River
Twenty five fish species from 13 families have been recorded from the CondamineBalonne River Catchment (Table 2.2). One species known from the catchment, the
Murray cod (Maccullochella peeli peeli), is listed as vulnerable under the Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act). Four of the known
species in the catchment are exotic: goldfish, carp, mosquitofish and guppy (Table 2.2).
Mosquitofish and carp are declared noxious species in Queensland under the Fisheries
Regulation 2008. Goldfish and guppies are listed as a non-indigenous fish under the
Fisheries Regulation 2008.
Thirteen fish species were recorded from the Condamine-Balonne River Catchment study
area during the Australia Pacific LNG EIS field surveys, including three exotic species
(goldfish, carp and mosquitofish) (Table 2.2). During the dry season, the greatest number
of species was recorded in the Condamine River (up to 8 per site), though the Condamine
River sites also had a greater proportion of exotic species in the catch than smaller
tributary sites, including goldfish, carp and mosquitofish (Hydrobiology 2009).
However in the post-wet season survey, a moderate number of species were caught from
the river (more species were caught in Charley’s Creek, a tributary of the Condamine
River), and mosquitofish were the only exotic species captured (Hydrobiology 2010). That
is, the more permanent water holes in the Condamine River offer suitable refuge habitat
for a range of native and exotic species in the dry season. However, fish are likely to
disperse throughout the system in the wet season.
Six species were recorded from Yuleba Creek in the dry season, and four in the wet
season (including mosquitofish in both surveys).
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Table 2.2
Fish species caught in the Condamine-Balonne River Catchment
during previous studies and the Australia Pacific LNG EIS surveys
Family

Study
Common Name

Species

Previous
Surveys 1

Australia Pacific
LNG EIS Surveys 2

Ambassidae
Agassiz’s glassfish



Craterocephalus stercusmuscarum

fly-specked hardyhead



Craterocephalus amiculus

Darling River hardyhead



bony bream





Cyprinus carpio*

common carp





Carassius auratus*

goldfish





Hypseleotris spp.

carp gudgeon





Hypseleotris sp. 1

Midgley’s gudgeon



Hypseleotris klunzingeri

western carp gudgeon



Mogurnda adsepersa

purple spotted gudgeon



Hypseleotris galii

firetail gudgeon



Hypseleotris sp. 2

Lake's carp gudgeon



Philypnodon grandiceps

flathead gudgeon





Melanotaenia fluviatilis

Murray River rainbowfish





Melanotaenia duboulayi

crimson-spotted rainbowfish



mountain galaxias



river blackfish



Maccullochella peelii peelii

Murray cod



Macquria ambigua

golden perch / yellowbelly





Hyrtl's tandan





eel-tailed catfish





Poecilia reticulata*

guppy



Gambusia holbrooki*

mosquitofish





Australian smelt





Leiopotherapon unicolor

spangled perch





Bidyanus bidyanus

silver perch





Ambassis agassizii



Antherinidae

Clupeidae
Nematolosa erebi
Cyprinidae

Eleotridae

Melanotaeniidae

Galaxiidae
Galaxias olidus
Gadopsidae
Gadopsis marmoratus
Percichthyidae

Plotosidae
Neosilurus hyrtlii
Tandanus tandanus
Poecillidae

Retropinnidae
Retropinna semoni
Terapontidae
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Rare and Threatened Species
The Murray cod is found in a range of warm-water habitats in the waterways of the Murray
Darling Basin (DEWHA 2007b). This species can be found in a variety of habitats,
including slow-flowing turbid waters as well as fast-moving, clear waters in upstream
reaches (Allen et al. 2002). However, it prefers deeper-water habitats around in-stream
habitat structures such as boulders, logs, undercut banks and overhanging vegetation
(Allen et al. 2002). In-stream woody debris is particularly important to this species, with
adults establishing home ‘territories’ around a particular snag (DEWHA 2007b). Murray
cod are predators that feed on a variety of prey items, including macrocrustacens and
other fish (including the introduced carp and goldfish) (DEWHA 2007b). This species
migrates upstream (up to 120 km upstream) during spring and early summer to spawn
during flood events when water temperatures exceed 15 ºC (Hydrobiology 2009), with
adults then returning to their home territory (DEWHA 2007b).
Murray cod were not recorded during field surveys for the Australia Pacific LNG EIS
(Hydrobiology 2009). However they are known from the Condamine-Balonne River
system (they typically occur throughout the Murray-Darling Basin in all but the upper
tributaries of river systems, (DEWHA 2007b), where it is thought that there have been
serious declines in numbers due to habitat loss and declines in water quality (Kearney &
Kildea 2001). Instream structures such as weirs have the potential to impact movement
and migration of Murray cod, although stocking programs in the river may mask the
effects of this, and other impacting processes, on populations of this species. Fingerlings
are regularly stocked to a number of impoundments on the Condamine River, including
Miles, Dalby and Chinchilla weirs, and Cooby and Leslie dams on tributaries to the
Condamine River (Kearney & Kildea 2001).
Fish Movement
The relative composition and abundance of fish communities within the study area is
largely controlled by the life history requirements of the species involved. Many of the fish
native to ephemeral systems of central and western Queensland migrate up and
downstream, and between different habitats at particular stages of their lifecycle. Stimuli
for movement include small and large discharge events and changes in temperature.
Australian rivers are notoriously unstable, and fish may need to move up and downstream
to avoid undesirable water quality and the drying out of pools (Freshwater Fisheries
Advisory Committee 1996; Kennard 1997).
Of the fish likely to be found in the Condamine-Balonne River most undertake freshwater
migrations (Cotterell 1998; Marsden & Power 2007) (Table 2.3). Adult Murray cod,
golden, silver and spangled perch move upstream to spawn, and juveniles move
downstream for dispersal. This movement typically occurs in spring and summer, and is
triggered by large flow events (Cotterell 1998). Glassfish, rainbowfish and gudgeons
move within freshwaters to disperse to new habitats. This movement also typically occurs
following flow events; and in the case of the Condamine-Balonne River could only occur
when there is flow (i.e. when the isolated pools currently holding these species are
connected).
Habitat Requirements and Water Quality Tolerances
The fish species occurring in the Condamine-Balonne River Catchment require some
physical in-stream habitat to provide shelter or for reproduction. Physical in-stream
habitat also supports diverse macroinvertebrate communities, which are prey to many of
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the fish found in the Condamine River. The distribution, habitat and sensitivity of species
found in the Condamine-Balonne River Catchment are discussed in the EIS (Hydrobiology
2009).
Most of the species that were captured from the Condamine-Balonne River Catchment
during EIS surveys can tolerate a large range of water quality conditions (Table 2.4).
Spangled perch, glassfish, carp gudgeons, rainbowfish, eel-tailed catfish and Australian
smelt are tolerant species that can live in water characterised by low dissolved oxygen
levels, high conductivity and relatively high turbidity (Table 2.4). Although exact water
quality tolerances could not be sourced for the exotic carp, goldfish and mosquitofish,
these species are also reported to have wide environmental tolerances. Golden perch
and bony bream have narrower water quality tolerances than the other species caught in
the Australia Pacific LNG EIS surveys.
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Table 2.3

Timing of critical movements of fish known to inhabit the region

Family
Species

Common Name

Season1
Summer

Autumn

Winter

Spring

Agassiz’s glassfish

s

L

L

L

Craterocephalus stercusmuscarum

fly-specked hardyhead

s

-

s

L

Craterocephalus amiculus

Darling River hardyhead

LI

LI

LI

LI

bony bream

L

L

L

L

Cyprinus carpio

common carp

LI

LI

LI

LI

Carassius auratus

goldfish

LI

LI

LI

LI

Hypseleotris sp.

carp gudgeon

LI

LI

LI

LI

Hypseleotris sp. A

Midgley’s gudgeon

LI

LI

LI

LI

Hypseleotris klunzingeri

western carp gudgeon

LI

LI

LI

LI

Mogurnda adsepersa

purple spotted gudgeon

LI

LI

LI

LI

Oxyeleotris lineolata

sleepy cod

LI

LI

LI

LI

Hypseleotris galii

firetail gudgeon

L

LI

LI

LI

Hypseleotris species 2

Lake's carp gudgeon

LI

LI

LI

LI

Philypnodon grandiceps

flathead gudgeon

LI

LI

LI

LI

Murray River rainbowfish

L

L

LI

L

Ambassidae
Ambassis agassizii
Antherinidae

Clupeidae
Nematolosa erebi
Cyprinidae

Eleotridae

Melanotaeniidae
Melanotaenia fluviatilis
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Family
Species

Common Name

Season1
Summer

Autumn

Winter

Spring

crimsonspotted rainbowfish

L

L

LI

L

mountain galaxias

LI

LI

LI

LI

river blackfish

LI

LI

LI

LI

Maccullochella peelii peelii

Murray River cod

L

s

s

L

Macquria ambigua

golden perch

L

s

s

L

Neosilurus hyrtlii

Hyrtl's tandan

L

LI

LI

L

Tandanus tandanus

eel-tailed catfish

?

LI

LI

LI

Poecilia reticulata

guppy

LI

LI

LI

LI

Gambusia holbrooki

mosquitofish

LI

LI

LI

LI

Australian smelt

LI

LI

LI

LI

Leiopotherapon unicolor

spangled perch

L

s

s

L

Bidyanus bidyanus

silver perch

L

s

s

L

Melanotaenia duboulayi
Galaxiidae
Galaxias olidus
Gadopsidae
Gadopsis marmoratus
Percichthyidae

Plotosidae

Poecillidae

Retropinnidae
Retropinna semoni
Terapontidae

Source:(Cotterell 1998; Marsden & Power 2007)
Shaded cells indicate large numbers of fish are known to migrate
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Table 2.4

Reported water quality tolerances of dish species captured in, or that are considered likely to occur in, the study area

Family

Latin Name

Common name

Water
Temperature (º C)

Dissolved Oxygen
(mg/L)

pH

Conductivity
(µS/cm)

Turbidity

Ambassidae

Ambassis agassizii

Agassiz's glassfish

11 – 33

0.3 – 19.5

6.3 – 9.9

19.5 – 15 102

0.2 – 144

Clupeidae

Nematolosa erebi

bony bream

24 – 29

4.8 – 11

6.9 – 8.8

70 – 770

4 – 160

Cyprinidae

Cyprinus carpio

common carp

NA

NA

NA

NA

NA

goldfish

NA

NA

NA

NA

NA

carp gudgeons

8.4 – 31.2

0.3 – 19.5

4.4 – 8.9

51 – 4 123

0.1 – 331.4

Carassius auratus
A

Eleotridae

Hypseleotris spp.

Melanotaeniidae

Melanotaenia
C
splendida

eastern rainbowfish

15 – 32.5

1.1 – 10.8

6.8 – 8.5

49 – 790

0.6-16, but up to
600 (frc pers obs)

Melanotaenia
fluviatilis

Murray River
rainbowfish

NA

NA

NA

NA

NA

Percichthyidae

Macquaria
B
ambigua

golden perch

24 – 31

3.6 – 10.0

7.2 – 8.8

NA

4 – 40 cm secchi
depth

Plotosidae

Tandanus
tandanusA

eel-tailed catfish

8.4 – 33.6

0.3 – 17.1

4.8 – 9.1

19.5 – 3 580

0.2 – 250

Poecillidae

Gambusia holbrooki

mosquitofish

NA

NA

NA

NA

NA

A

Retropinnidae

Retropinna semoni

Australian smelt

8.4 – 31.7

0.6 – 16.2

6 – 9.1

51 – 1 624.2

0.4 – 144

Terapontidae

Leiopotherapon
unicolor

spangled perch

5 – 41

≥ 0.4

4 – 8.6

0.2 – 35.5 ppt
salinity

1.5 – 260

Source:
A
B
C
NA

data sourced from Pusey et al. 2004
environmental data from captures during surveys in south-east Queensland
environmental data from captures during surveys in the Fitzroy River system
environmental data from captures during surveys in the Burdekin River system
not available
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2.8

Fluvial Geomorphology

Yuleba Creek is considered part of the North-western Condamine-Balonne Tributaries.
These tributaries are highly disturbed in terms of floodplain and riparian clearance.
During the Australia Pacific LNG surveys, riparian vegetation was found to be very poor in
most places, with some patches of good vegetation. Yuleba Creek is an exception, with
continuous (but narrow – to the top of the bank) upper storey vegetation. As vegetation
was present on Yuleba Creek, it was considered generally stable. The beds at most sites
were currently infilling (mostly from gullying) resulting in geomorphic variability within the
channel by flattening of the bed and infilling pools. However, in sections, gully outfalls
also resulting in damming of pools and increasing their depth. Yuleba Creek sites have
mostly U-shaped channels, although some small benches were observed. Table 2.5
summarises the geomorphic characteristics of Yuleba Creek sites.
Upper Yuleba Creek was considered to be unstable (eroding), while Lower Yuleba was
considered to be unstable (aggrading). Banks generally consisted of high clay content
(some dispersive qualities) with isolated changes in bank material. The dominant
disturbance on Yuleba Creek was considered upstream sediment runoff and sediment
laden-runoff.

commercial-in-confidence

Q-LNG01-15-PS-0002

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

18

Receiving Environment Monitoring Program: Yuleba Creek

Table 2.5

Summary of geomorphic characteristics of Yuleba Creek – downstream of proposed discharge site.

Channel
shape

Valley
Shape

Site

Stream

GF9

Yuleba
Creek

U shape

Symmetrical
floodplain

GF10

Yuleba
Creek

U shape

Symmetrical
floodplain

RB
Shape
Dominant

Bed
stability
rating

Dominant
Disturbance

Overall
Disturbance
Rating

Average
Channel
Width (m)

Bank
Stability
Rating (/4)

Average
RB
Riparian
Width
(m)

Convex

Convex

Stable
to
moderate
aggradation

Upstream
sediment
runoff

High

26

3.5

10

5

Concave

Concave

Moderate
aggradation

Sedimentladen runoff

Very high

21

3

7

5

LB
Shape
Dominant
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2.9

Hydrology

Yuleba Creek is located within the Combabula development area, and lies within the
Balonne River sub-basin. This watercourse initially flows east before turning in a southerly
direction to the tenement boundary, where it continues on in a southerly direction to
eventually reach the Balonne River. Yuleba Creek flows through predominately rural
areas, and is crossed by typically only minor/local roads within the study area.
An analysis of stream flows was carried out as part of the Australia Pacific LNG EIS and a
simulated long-term flow series was produced for Yuleba Creek where a proposed
discharge from a water treatment facility is located. The analysis of this synthetic flow
series indicated that this tributary is likely to exist under no flow conditions for between
55% and 70% of the time.
A summary of the findings of the hydraulic analysis is provided below.


Bank full flow conditions generally correlated with flows above the 99
percentile exceedance flow, i.e. flow which occurred less than 1% of the
simulation period.



Modelled velocities in Yuleba Creek (Table 2.6) showed average velocities
at greater than 1 m/s at bank full conditions and up to 1.4 m/s at some
locations during bank full flow conditions.



Stream power in Yuleba Creek up to approximately a 95th percentile historic
flow conditions were less than 7 W/m2. Under flow conditions from the 95th
percentile to bank full conditions Yuleba Creek was observed to have
modelled stream powers above 35W/m2 at bank full conditions



Bank full stream stresses in Yuleba Creek were higher than other modelled
tributaries but still within a low to medium value range.

Table 2.6

Summary of hydraulic results for Yuleba Creek

Watercourse

WTF

Approximate

Bank full

Bank full

Bank full

Bank Full

bank full flow

average

average

average

average

(m3/s)

depth (m)

velocities

stream

stream

power

stress (N/m2)

(m/s)

(W/m2)
Yuleba Creek

WTF_RCK_1

40

1.70

1.14

38.7

32.6

a

Analysis of historical stream flow records for the gauge on the Condamine River at
Chinchilla (422308C), which indicated that the majority of flow within the Condamine River
occurs during the Summer and Autumn period. An average of 45% of the flow occurs in
the summer season (December to February) and 30% of the average annual flows occur
in autumn (March to June). The remaining 25% of the average annual flows occur in the
winter and spring seasons (July to November). It is expected that the seasonal variation
observed at the Condamine River will be consistent across the catchment’s watercourses,
including Yuleba Creek.
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2.10

Summary

The ecological health of waterways in the Condamine-Balonne River Catchment within
the study area is considered to be poor to moderate, and similar to that reported for the
wider catchment in other studies. Environmental values are dictated primarily by the
ephemeral nature of many of the region’s waterways, although agricultural development
(particularly grazing) and water resource development within the region is likely to have
had a negative impact on water quality and the physical characteristics of aquatic habitat.
Degraded waterways in the catchment are characterised by the loss of riparian
vegetation, erosion, low habitat diversity, invasion of weed species, poor water quality and
sedimentation. Existing structures such as weirs and road crossings are likely to have
altered flow and restricted aquatic fauna passage under particular flow regimes.
Water quality is generally poor and is characterised by high turbidity and low or variable
concentrations of dissolved oxygen. Watercourses within the region are impacted by
relatively high inputs of nutrients, pesticides and other contaminants from surrounding
land uses, and are subject to a range of severe natural stresses.
The coverage and richness of macrophytes is low. Richness and abundance of
macroinvertebrate and fish communities is moderate, with species both tolerant and
sensitive to disturbance being recorded in the Condamine River. Most of the species
recorded either do not have a preference for particular flow conditions or substrate type,
or they prefer low flows and fine substrates e.g. pool habitat. However, macroinvertebrate
taxa that prefer high flows and coarse substrates were recorded from the Condamine
River in the wet season. Introduced species, including the declared noxious mosquitofish
and carp, and the introduced goldfish, alligator weed and para grass, are known from the
Condamine-Balonne River Catchment.
No rare or threatened species of aquatic flora fauna were recorded during the Australia
Pacific LNG EIS surveys. However, two threatened macrophytes and the threatened
Murray cod are known to be found in the Condamine-Balonne River Catchment, and may
be present in the Balonne River.
Upper Yuleba Creek was considered to be unstable (eroding), while Lower Yuleba was
considered to be unstable (aggrading). Banks generally consisted of high clay content
(some dispersive qualities) with isolated changes in bank material. The dominant
disturbance on Yuleba Creek was considered upstream sediment runoff and sediment
laden-runoff.
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3.

Environmental Values

EVs of waterways are protected under the Environmental Protection (Water) Policy 2009
(EPP Water). They respond to the specific values of each waterway; determined by
physical, biological, social, economic and historical features. No EVs have been
prescribed for waterways in the Condamine-Balonne River Catchment under the EPP
Water. The following is a list of EVs that may apply to waterways in Queensland, based
on the EPP Water (adapted from EPA 2005):

3.1



ecosystem – the intrinsic biological value of aquatic ecosystems that are:



unmodified or highly valued (high ecological value waters)



unmodified in terms of biological indicators, but slightly modified with respect to
other indicators such as water quality (slightly disturbed waters)



adversely affected by human activity to a relatively small but measurable
degree (moderately disturbed waters), or



measurably degraded and of lower ecological value than those waters
described in points A – C above (highly disturbed waters)



primary industries – the suitability of the water for:



irrigation – of crops such as sugar cane, lucerne etc.



farm water supply – uses other than drinking water



aquaculture – such as barramundi or red-claw farming



human consumers – health of humans consuming wild or stocked fish or
crustaceans from natural waterways



recreation and aesthetic values – the suitability of the water for:



primary recreation – health of humans undertaking activities where there is a
high probability of water being swallowed, e.g. swimming



secondary recreation – health of humans undertaking activities where there is
a low probability of water being swallowed, e.g. boating, fishing



visual recreation – amenity of waterways for recreation that does not involve
direct contact with the water, e.g. picnicking adjacent to the waterway



drinking water – the suitability of the water for supply as drinking water



industrial uses – the suitability of the water for industrial use, and



cultural and spiritual values – indigenous and non-indigenous cultural values.

Level of Protection

Surrounding land-uses have impacted the waterways of the receiving environment,
however these waterways are not considered to be of lower ecological value to similar
streams in the region. They should be considered slightly – moderately disturbed based
on the classifications presented above, and therefore be under Level 2 protection
(ANZECC & ARMCANZ 2000; DERM 2009b).
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3.2

Draft Environmental Values

Draft EVs were defined for the study area based on literature review and consultation with
Australia Pacific LNG. A conservative approach was taken to assigning EVs – if it was
possible or likely that the waterways are used for a particular purpose, this was included
as an EV.
Based on the available information, the following is a preliminary list of EVs that apply to
the receiving environments:


aquatic ecosystem (slightly to moderately disturbed)



irrigation and farm water supply (does not include drinking water)



stock watering



drinking water



primary, secondary and visual recreation, and

 cultural and spiritual values.
Confirmation of the EVs for the receiving environment will be sought from DERM during
the REMP review process.
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4.

Water Quality Objectives (WQOs)

Currently, there are no regional guidelines / WQOs for surface waters or instream
sediments in the Condamine-Balonne River Catchment. Therefore, the Australian and
New Zealand Water Quality Guidelines for Fresh and Marine Waters (ANZECC &
ARMCANZ 2000) default national trigger values for slightly to moderately disturbed
ecosystems were used to set WQOs for the receiving environment. The default national
trigger values for physico-chemical parameters and for nutrients have been derived using
a ‘reference-based’ approach (ANZECC & ARMCANZ 2000) (for more information refer to
Appendix C). The default national trigger values for toxicants in water and sediment are
based on direct toxicity assessments of the biological effects of these toxicants (ANZECC
& ARMCANZ 2000).
The default national guidelines (ANZECC & ARMCANZ 2000) are unlikely to be
appropriate for use as WQOs for intermittent and ephemeral inland streams apart from
during baseflow conditions (which are rare; DERM 2009b). Similarly, trigger levels for
toxicants in sediments were developed using data predominantly from the United States,
and may not be applicable for intermittent and ephemeral inland Australian streams
(Simpson et al. 2005a). Therefore, the derivation of regional or local guidelines is
encouraged (DERM 2009b).
Regional WQOs will be derived for the Condamine-Balonne River Catchment by DERM in
the future and will be incorporated into future versions of the Queensland Water Quality
Guidelines (QWQG). This will be done using a ‘reference-based’ approach, based on
data collected at reference sites surveyed in DERM’s regional monitoring program. The
criteria for a reference site, and the methods used to determine reference-based regional
WQOs, are presented in Appendix C.
Site-specific background values for the receiving environment will be determined based
on the data collected during the REMP. These background values will be specific to the
Australia Pacific LNG Project, and will provide an indication of the background (i.e. without
impacts from the proposed discharge(s)) condition of water quality. The same methods
used to derive regional WQOs can be used to determine background values (see
Appendix C for details).
Background values results will be used to assist with the development of
recommendations for the review of licence limits and trigger levels in the future. They will
also be used to assist with determining potential impacts to water quality in the receiving
environment due to the releases. Default WQOs
Specific WQOs are presented in Table 4.1 to protect the following environmental
objectives:


ecosystem protection of slightly – moderately disturbed ecosystems, based on
the default national trigger values for south east Australia (ANZECC &
ARMCANZ 2000) 2,

2

The receiving environment is at > 150 m elevation, therefore the trigger values for upland streams have
been used. Preliminary QWQG value has been used for conductivity, based on the 75th percentile of data
from the Condamine-Macintyre salinity zone.
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general farm water supply, including irrigation of crops, and stock watering
(from ANZECC & ARMCANZ 2000)



drinking water (from the Australian Drinking Water Guidelines (ADWH;
NHMRC 2004), and



guidelines for primary and secondary recreation (from ANZECC & ARMCANZ
2000).
There are no specific published WQOs to protect the other EVs, but the following
guidelines apply:


visual recreation – water should be free of: floating debris; oil and grease;
substances that produce undesirable colour, odour, taste or foaming; and
undesirable aquatic life such as algal blooms or dense growth of attached
plants or insects



cultural heritage – protect or restore indigenous and non-indigenous cultural
heritage, consistent with relevant policies and plans.
Note that there are currently no guidelines available for:


total suspended solids (TSS)



carbonate, bicarbonate and hydroxide



colour



chlorophyll-a



potassium or magnesium



sodium absorption ratio (SAR)



silicon, or



total petroleum hydrocarbons (TPH).
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Table 4.1
environment

WQOs to protect the EVs identified for protection in the receiving
Environmental Value

Parameter

Units

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

Drinking
Water

Primary
Recreation

Secondary
Recreation

Physicochemical
dissolved
oxygen (DO)

%
saturation

pH

90 – 110
6.5 – 7.5

turbidity

NTU

total dissolved
solids (TDS)

mg/L

conductivity

µS/cm

hardness

mg/L
CaCO3

> 80
6.0 – 9.0

5.0 – 9.0

25

500B

2 000 –
5 000,
dependin
g on the
animal

1 000

2 985 –
19 400

950
(sensitive
crops) –
12,200 (very
tolerant
crops)

60

500

Nutrients
ammonia

µg/L

13

nitrate (as a
toxicant)

µg/L

700

nitrite

µg/L

oxides of
nitrogen

µg/L

15

total nitrogen

µg/L

250

filterable
reactive
phosphorus
(FRP)

µg/L

15

total
phosphorus

µg/L

20
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Environmental Value

Parameter

Units

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

Drinking
Water

Primary
Recreation

Secondary
Recreation

median
<100

0

median
<150, with 4
out of 5
samples
(taken no
greater than
month apart)
containing
<600

median
<1,000, with
4 out of 5
samples
(taken no
greater than
month apart)
containing
<4,000

0

median <35,
with <100 in
any one
sample

median
<230, with
<700 in any
one sample

ort term)
Biological
faecal
coliforms

organisms
per 100 mL

10 (for
direct
contact
with raw
human
crops) –
<10,000
(for turf,
cotton etc.)

enterococci
(E. coli)

organisms
per 100 mL

blue-green
algae

cells/mL

11 500

6 500

15 000

sulfate

mg/L

1 000

500

400

calcium

mg/L

1 000

sodium

mg/L

< 115 –
> 460
depending
on crop

chloride

mg/L

< 175 –
> 700
depending
on crop

Major Ions

300

Metals and Metalloids
aluminium (pH
>6.5)

µg/L

55

5 000
(long-term)
– 20,000
(shortterm)

5 000

arsenic (AsV)

µg/L

13C

100 (longterm) –
200 (shortterm)

500 up to
5 000D

7

boron

µg/L

370E

500 (longterm)

5 000

4 000
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Environmental Value
General
Farm
Water Use
(including
crop
irrigation)

Parameter

Units

Ecosystem
Protection

Stock
Watering

Drinking
Water

Primary
Recreation

beryllium

µg/L

0.13 F

0.1 (longterm) – 0.5
(shortterm)

cadmium

µg/L

0.2

10 (longterm) – 50
(shortterm)

10

2

5

chromium
(CrVI)

µg/L

1.0E

100 (longterm) –
1 000
(shortterm)

1 000

50

cobalt

µg/L

90F

50 (longterm) –
100 (shortterm)

1 000

copper

µg/L

1.4

200 (longterm) –
5 000
(shortterm)

400 –
5 000;
dependin
g on the
animal

fluoride

µg/L

2 000
F

1 000

1500

iron

µg/L

300

200 (longterm) –
10 000
(shortterm)

Not
sufficientl
y toxic

lead

µg/L

3.4

2 000
(long-term)
– 5 000
(shortterm)

100

10

50

manganese

µg/L

1 900E

200 (longterm) –
10 000
(shortterm)

Not
sufficientl
y toxic

500

100

mercury
(inorganic)

µg/L

0.06

2

2

1

1

molybdenum

µg/L

34F

10 (longterm) – 50
(short –

150

50
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Environmental Value

Parameter

Units

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

Drinking
Water

Primary
Recreation

Secondary
Recreation

term)
nickel

µg/L

11

200 (longterm) –
2 000
(shortterm)

1 000

20

100

selenium
(total)

µg/L

5

20 (longterm) – 50
(shortterm)

20

10

10

silver

µg/L

0.05

100

50

zinc

µg/L

E

8.0

2000 (longterm) –
5000
(shortterm)

20 000

uranium

µg/L

0.5F

10 (longterm) –
100 (shortterm)

200

vanadium

µg/L

6F

100 (longterm) –
500 (shortterm)

Cyanide

µg/L

7

Methylene
Blue

mg/L

5 000

20

80

100
200

Hydrocarbons
benzene

µg/L

950
G

xylene

µg/L

200

naphthalene

µg/L

16

Pesticides

µg/L

acephate

µg/L

1
600

10H

alachlor
aldicarb

10

20
3

µg/L
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Environmental Value

Drinking
Water

Primary
Recreation

µg/L

0.01

1

ametryn

µg/L

5

amitrole

µg/L

1

Parameter

Units

aldrin

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

1
H

asulam

µg/L

50

atrazine

µg/L

0.1

azinphos
methyl

µg/L

0.01

100

2

10

barban
benomyl
bentazone

Secondary
Recreation

300
100H

µg/L

H

µg/L

30

200
400

H

bioresmethrin

µg/L

100

bromacil

µg/L

10

60

bromazil

600

bromophos
ethyl

20

bromoxynil

µg/L

10H

carbaryl

µg/L

5

30
60
H

carbendazim

µg/L

100

200

carbofuran

µg/L

5

30
H

1

0.01

6

carbophenothi
on

µg/L

0.5

carboxin

µg/L

2

chlordane

µg/L

0.03

chlordimeform

20
H

chlorfenvinpho
s

µg/L

5

chlorathalonil

µg/L

0.1

chloroxuron

µg/L

10H

chlorpyrifos

µg/L

10

30

0.01

2
H

chlorsulfuron

µg/L

100

clopyralid

µg/L

1000

cyhexatin
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Environmental Value

Parameter

Units

2,4-D

µg/L

DDT

µg/L

Ecosystem
Protection

0.006

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

Drinking
Water

Primary
Recreation

0.1

100

0.06

3

dematon
diazinon

30
µg/L

0.01

1

10
H

dicamba

µg/L

100

300

dichlobenil

µg/L

10H

20

3, 6
dichloropicolini
c acid

1000

dichlorvos

µg/L

1

20

Diclofop
methyl

µg/L

5H

3

dicofol

µg/L

3H

100

dieldrin

µg/L

0.01

difenzoquat

Secondary
Recreation

H

1

µg/L

100

200

dimethoate

µg/L

H

100

diphenamid

µg/L

2

diquat

µg/L

0.5

10

disulfoton

µg/L

1

6

0.15

50

H

diuron

µg/L

30

40

DPA (2,2DPA)

µg/L

500H

500

EDB

µg/L

1

endosulfan

µg/L

0.03

endrin

µg/L

0.01

endothal

µg/L

10

600

EPTC

µg/L

1

60

0.05

40
1

H

ethion

µg/L

3

6

ethoprophos

µg/L

1

1

etridiazole

µg/L

0.1

fenamiphos

µg/L

0.3

fenarimol

µg/L

0.1
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Environmental Value

Drinking
Water

Primary
Recreation

µg/L

30H

60

µg/L

H

20

H

Parameter

Units

fenchlorphos
fenitrothion

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

0.2

Stock
Watering

10

fenoprop

µg/L

10

20

fensulfothion

µg/L

10

20

H

fenvalerate

µg/L

50

flamprop
methyl

µg/L

3H

6

fluometuron

µg/L

50H

100

formothion

µg/L

50H

100

fosamine

µg/L

H

30

3000

glyphosate

µg/L

10

200

heptachlor

µg/L

0.05

3

0.01

H

40

hexaflurate

µg/L

30

60

hexazinone

µg/L

2

600

lindane

µg/L

0.2

0.05

10

malathion

µg/L

0.05

maldison

µg/L

50H

100

methidathion

µg/L

H

30

methiocarb

µg/L

5

methomyl

µg/L

5

methoxychlor

µg/L

0.2

metolachlor

µg/L

2

metribuzin

µg/L

1

60

60

800
5
H

mitsulfuron
methyl

µg/L

30

mevinphos

µg/L

5

6

molinate

µg/L

0.5

1

µg/L

H

2

monocrotopho
s

1

nabam
napropamide

Secondary
Recreation

30
µg/L

commercial-in-confidence

1

Q-LNG01-15-PS-0002

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

32

Receiving Environment Monitoring Program: Yuleba Creek
Environmental Value

Drinking
Water

Primary
Recreation

µg/L

500H

1000

µg/L

2

Parameter

Units

nitralin
norflurazon

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

omethoate

0.4
H

oryzalin

µg/L

300

oxamyl

µg/L

5

paraquat

µg/L

parathion

µg/L

parathion
methyl

1
E

0.004

60

40
H

10

30

µg/L

0.3

6

pebulate

µg/L

0.5

pendimethalin

µg/L

300H

pentachloroph
enol

µg/L

0.01

perfluidone
permethrin
picloram

600

20
µg/L
µg/L

1

300

300

H

30

H

piperonyl
butoxide

µg/L

100

200

pirimicarb

µg/L

5H

100
H

pirimiphos
ethyl

µg/L

0.5

1

pirimiphos
methyl

µg/L

50H

60

profenofos

µg/L

0.3H

0.6

H

promecarb

µg/L

30

propachlor

µg/L

1

propanil

µg/L

0.1

1000

µg/L

H

1000

propargite

Secondary
Recreation

50

propoxur

60

1000

propazine

µg/L

0.5

propiconazole

µg/L

0.1

propyzamide

µg/L

2
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Environmental Value

Drinking
Water

Primary
Recreation

µg/L

30H

1000

quintozene

µg/L

H

30

simazine

µg/L

0.5

sulphrofos

µg/L

10H

silvex

µg/L

H

10

2,4,5-T

µg/L

0.05

2

temephos

µg/L

300

30

terbacil

µg/L

10

terbufos

µg/L

0.5

terbutryn

µg/L

1

tetrachlorvinph
os

µg/L

2

thiobencarb

µg/L

30H

40

µg/L

H

20

H

Parameter

Units

pyrazophos

thiometon

Ecosystem
Protection

General
Farm
Water Use
(including
crop
irrigation)

Stock
Watering

3

Secondary
Recreation

6

20

thiophanate

µg/L

5

100

thiram

µg/L

3H

30

toxaphene

µg/L

triadimefon

µg/L

100

trichlorfon

µg/L

5H

0.1

10
H

triclopyr

µg/L

10

20

trifluralin

µg/L

0.1

500

venolate

µg/L

0.5

Source:

(ANZECC & ARMCANZ 2000; DERM 2009b; NHMRC 2004)A
Green shaded cell denotes the most stringent WQO to protect all of the identified EVs, i.e. the value that has
been adopted as the default WQO.
B
th
Preliminary QWQG value based on the 75 percentile of data from the Condamine-Macintyre salinity zone.
C
Trigger value for AsV has been used as a precautionary approach.
D
May be tolerated if not provided as a food additive and natural levels in the diet are low.
E
Figure may not protect key species from chronic toxicity (this refers to experimental chronic figures or geometric
mean for species).
F
Low reliability trigger value from Section 8.3, Volume 2 of the national guidelines (ANZECC & ARMCANZ 2000).
G
Trigger value for p-xylene presented.
H
Health value (based on 10% of acceptable daily intake).
A
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Instream Sediments
The interim sediment quality guidelines (ISQG) for the suite of metals and metalloids to be
monitored during the REMP (see Section 7.1) are presented in Table 4.2. There are no
ISQG values available for the other parameters to be monitored in sediment. If the
concentrations in the study area are below the ‘ISQG – Low’ value, they can be
considered to be low risk and no further action is required. If they are between the ‘ISQG
– Low’ and ‘ISQG – High’ values, then investigation of background levels in the area
would be required. Where concentrations exceeded the ‘ISQG – High’ values, then
further investigation of factors affecting bioavailability would be required (ANZECC &
ARMCANZ 2000).
Table 4.2

ISQG for metals and metalloids in sediments

Parameter

ISQG – Low (mg/kg)

ISQG – High (mg/kg)

aluminium

NA

NA

arsenic

20

70

boron

NA

NA

cadmium

1.5

10

chromium

80

370

copper

65

270

iron

NA

NA

lead

50

220

mercury

0.15

1

nickel

21

52

zinc

200

410

cobalt

NA

NA

manganese

NA

NA

molybdenum

NA

NA

selenium

NA

NA

silicon

NA

NA

silver

1

3.7

uranium

NA

NA

vanadium

NA

NA

barium
beryllium

NA = no trigger value available
Source: (ANZECC & ARMCANZ 2000)
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5.

Eco-toxicology Risk Assessment

Treated CSG water from Reedy Creek WTF is proposed to be discharged to Yuleba
Creek.
As such, an eco-toxicology risk assessment (in accordance with
ANZECC/ARMCANZ (2000) methodology) will be undertaken by Australia Pacific LNG.
This risk assessment will be conducted during the initial characterisation of source and
treated CSG water (refer to CSG Water Quality Monitoring Program, appendix 7 of
CWMP) which will occur prior to discharge to surface water.
In designing the eco-toxicology risk assessment and/or updating this REMP with the
outcomes of the risk assessment, Australia Pacific LNG will consider:




Monitoring contaminants of potential concern in the treated discharge and in the
receiving environment
Comparing the concentration of contaminants of potential concern to water quality
objectives including relevant published toxicant trigger values
The concerns and recommendations of the administering authority.

Australia Pacific LNG will submit the REMP for approval by the administering authority
prior to commencement of related works.
The eco-toxicological risk assessment will assess the value of performing toxicity
bioassay(s) and/or a direct toxicity assessment(s), where guideline trigger values are
exceeded, or in the absence of guideline values, where a potential risk to environmental
values has been identified. If required, the toxicity bioassay(s) will be undertaken in
accordance with the ANZECC & ARMCANZ guidelines and other ‘current best practice’
standards, and the proposed methodology will be confirmed with DERM prior to
completing the toxicity bioassay(s). The risk assessment will take into consideration
important operational and environmental factors such as background environmental
concentrations, persistence and degradation rates, and any other relevant environmental
fate considerations.
Where contaminants of concern in the treated CSG discharge are known to be
bioaccumulating substances and exceed background concentrations (once determined),
Australia Pacific LNG will update this REMP to compare the body burdens of
contaminants of concern in upstream or reference sites with those of downstream or
impacted monitoring sites. Statistical comparison of body burdens recorded in upstream
(unimpacted) monitoring sites to those in downstream impacted) monitoring sites and
interpretation of the results will be reported to the administering authority within an agreed
timeframe.
Background values and any available toxicity results will be used to assist with the
development of recommendations for the review of licence limits and trigger levels in the
future. They will also be used to assist with determining potential impacts to water quality
in the receiving environment due to the releases.
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6.

Monitoring Program Design

6.1

Monitoring Points

Three sites in the receiving environment, and two background sites will be monitored in
Yuleba Creek during the REMP (Table 6.1; Figure 6.1). Until the Reedy Creek discharge
commences, the receiving environment sites on Yuleba Creek will also act as background
sites (as they will not be influenced by discharges from WTFs).
The rationale behind the selection of sites is discussed further in Sections 6.12 and 6.13.
Table 6.1
Site No.

Location of sites to be sampled in Yuleba Creek for the REMP
EastingA

NorthingA

Description

Receiving Environment Sites
YC DS1

742 288

7 074 077

Yuleba Creek, approximately 7.3 km
downstream of the Reedy Creek discharge
point

YC DS2

737 993

7 054 039

Yuleba Creek, approximately 37 km
downstream of the Reedy Creek discharge
point

YC DS3

743 165

7 023 585

Yuleba Creek at Roma-Condamine Rd,
approximately 116 km downstream of the
Reedy Creek discharge point

Background Sites
YC US1

729 278

7 086 556

Yuleba Creek, approximately 30 km
upstream of the Reedy Creek discharge
point

YC US2

743 825

7 082 506

Yuleba Creek, approximately 6.7 km
upstream of the Reedy Creek discharge
point

A

Coordinates in MGA 94, Zone 55
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Australia Pacific LNG Project REMP
Figure 6.1
Google Earth 2010
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6.2

Flow Monitoring

The volume of water released from the discharge location will be measured and recorded
at the Reedy Creek WTF, and flow records will be obtained from the following gauging
station:


Yuleba Creek at Forestry Station (422219A), approximately 86 km downstream
of the Reedy Creek discharge location (Figure 6.1).

In addition to the data collected from the stream flow gauging station, flow at each of the
survey sites will be recorded during each REMP survey event. This will be done using a
velocity-area method in accordance with the Monitoring and Sampling Manual 2009
(DERM 2009a), either by using a portable velocity meter, or where a meter is not available
at the time of sampling, by timing a float travelling over a known distance.
Stream flow hydrographs will be produced and consideration will be given to whether
these hydrographs are representative of each of the REMP sites in the annual reports.
Any different flow calculation / measurement methods used will be noted in the data
collected and presented in the interim and annual reports. Timing of storm-related high
stream flow events, which have a significant impact upon water quality, sediment quality
and aquatic flora and fauna, will be indicated on the hydrographs.
Quality Assurance and Quality Control
The uncertainty of each flow measurement method will be calculated in accordance with
the relevant Australian Standards, as outlined in the Monitoring and Sampling Manual
2009 (DERM 2009a). These uncertainties will be factored into any data analyses, and
reported on in the annual reports.
6.3

Bank Stability Monitoring

Bank stability will be monitored twice per year in Yuleba Creek (notionally in the wet
season (summer) and post-wet season (autumn)).
Bank stability will be monitored using the Sustainable Rivers Audit physical habitat
methodology (MDBC 2004), which is consistent with the methodology used in the Project
EIS. The assessment will include characterisation of the following parameters at each
site:


bank shape



bank stability



bed stability



artificial bank protection measures



factors affecting bank stability



valley shape



channel shape, and



channel and stream width.
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Results of sediment quality sampling for concentration of cations, anions and sodium
absorption ratio (SAR) will also be used to determine soil sodicity, and to comment on the
risk of dispersion.
6.4

Water Quality Monitoring

Water quality at the receiving environment and background sites will be monitored
throughout the duration of the REMP, regardless of whether water is being discharged. It
is intended to sample water quality twice per year during the wet season at the Yuleba
Creek sites (notionally in the wet season (summer) and post-wet season (autumn), as
Yuleba Creek is ephemeral and expected to be dry for the rest of the year).
This sampling frequency has been designed to capture seasonal variation in water quality,
and to derive interim background values (i.e. based on 8 data points per site) for Yuleba
Creek after four years (with values to be refined upon collection of further data).
Sampling Methods
At each site and during each sampling event, physical water quality measurements will be
collected in situ using a hand-held water quality meter. The following variables will be
recorded at two locations per site at 30 cm depth:


water temperature (°C)



pH



conductivity (µS/cm)



dissolved oxygen (DO, mg/L), and

 turbidity (NTU).
In addition, two replicate water samples will be collected from each site for analysis of the
following parameters in accordance with the indicators currently monitored in DERM’s
regional water quality sampling program:


total suspended solids (TSS) and total dissolved solids (TDS) (mg/L)



water hardness (mg/L)



major cations (Ca, K, Mg, Na) and anions (Cl, SO4, alkalinity) (mg/L)



carbonate, bicarbonate and hydroxide (m/L)



fluoride (mg/L)



nutrients (total nitrogen and total phosphorus (unfiltered) and ammonia (as N),
nitrate (as N), nitrite (as N) (filtered) and filterable reactive phosphorus (FRP)
(as P)) (mg/L)



metals and metalloids (Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Zn, B, Co,
Mn, Mo, Se, Ag, U, V) (dissolved (filtered) and total (unfiltered) in µg/L)



chlorophyll-a (µg/L)



blue green algae (cyanobacteria) (cells/mL)



organochloride and organophosphate pesticides (OCPs and OPPs) (µg/L)
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total petroleum hydrocarbons (TPH), benzene, toluene, ethylene and xylene
(BTEX) and polyaromatic hydrocarbons (PAHs) (µg/L)



sodium absorption ratio (SAR) (mg/L)



colour (Hazen units)



silicon (mg/L)



faecal coliforms / e-coli (CFU/mL), and

 methylene blue (MBAS) (mg/L).
Grab samples will be collected from the mid-channel at each site, 30 cm below the water’s
surface, by hand or by a sampling pole with clamp if required for safety reasons.
Two samples will be collected for analysis of nutrients and metals and metalloids. The
first sample will be un-filtered and will be used for analysis of total nitrogen, total
phosphorus and total metals. The second sample will be filtered in the field through a
0.45 µm filter, and will be used for the analysis of ammonia, nitrate, nitrite, FRP and
dissolved metals.
Quality Assurance and Quality Control
Field sampling will be done by a suitably trained and competent person in accordance
with Australian Standard (AS) AS5667 Water Quality Sampling, and in accordance with
the Monitoring and Sampling Guidelines 2009 (DERM 2009a). In summary:


hand-held water quality meters will be calibrated before the commencement of
sampling, and checked on an hourly basis while in the field (and recalibrated if
necessary). A calibration record will be kept



hand-held water quality meters will be cleaned at the end of each field day



water samples will be collected straight into the sample bottle wherever
possible, and the bottles will not be rinsed prior to sample collection



powderless gloves will be used when collecting all water samples, and care will
be taken not to touch the inside of any sampling containers, or to place open
bottles / jars or their lids onto the ground or other contaminated surfaces



if the sample cannot be collected straight into the sample bottle, the container
it is collected in (such as a bucket or other form of sampler) will be thoroughly
rinsed with ambient site water to ensure is not contaminated



a field blank will be collected from one site during each sampling event, to
assess sample handling procedures



filtering of water samples for nutrients and metals will be done on site in the
field



samples will be stored under the appropriate holding conditions for each
parameter and delivered to the laboratory within the appropriate holding times
(as specified by the laboratory), in accordance with the security and transport
protocols outlined in the Monitoring and Sampling Manual (DERM 2009a)



a chain of custody form will be completed for all samples sent to the laboratory
for analysis, and
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6.5

samples will be analysed by a NATA-accredited laboratory, and laboratory
duplicates and blanks will be analysed in accordance with NATA-accredited
protocols.

Sediment Quality Monitoring

Sediment quality will be monitored in conjunction with water quality monitoring, i.e. twice
per year for the Yuleba Creek sites. Monitoring of sediments will be done for both the bed
and banks of the channel at each site.
Two replicate sediment samples from both the bed and banks will be analysed for the
following parameters in accordance with the indicators currently monitored in DERM’s
regional water quality sampling program:


particle size distribution (sieve and hydrometer)



pH



major cations (Ca, K, Mg, Na) and anions (Cl, SO4, alkalinity) (mg/kg)



sodium absorption ratio (SAR)



fluoride (mg/kg)



nutrients (total nitrogen, total phosphorus, ammonia (as N), nitrate (as N) nitrite
(as N)) (mg/kg)



total metals and metalloids (Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Zn, B,
Co, Mn, Mo, Se, Ag, U, V) (mg/kg)



organochloride and organophosphate pesticides (OCPs and OPPs)



silicon (mg/kg), and



cyanide (total) mg/kg.

Sampling Methods
Where the water is shallow enough (<0.5 m deep), replicate sediment samples will be
collected from the top 0.30 m of sediment on the bed and banks using a stainless steel
trowel, with the sediments transferred directly into the sampling jar provided by the
analytical laboratory.
Where the water is deep or the sediment is too soft to walk in, surface sediment from the
bed and banks (to 0.30 m depth) will be collected using a stainless steel corer. The
sample will be emptied into a bucket or other intermediate container, which has been
thoroughly washed with ambient site water, and the sediment mixed and placed into the
sample jar using a stainless steel trowel.
Quality Assurance and Quality Control
Field sampling will be done by a suitably trained and competent person in accordance
with Australian Standard (AS) AS5667.1 Guidance on Sampling of Bottom Sediments,
and in accordance with the Handbook for Sediment Quality Assessment (Simpson et al.
2005b). In summary:
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6.6



sediment samples will be collected straight into the sample bottle wherever
possible, and the bottles will not be rinsed prior to sample collection



powderless gloves will be used when collecting all water samples, and care will
be taken not to touch the inside of any sampling containers, or to place open
bottles / jars or their lids onto the ground or other contaminated surfaces



if the sample cannot be collected straight into the sample bottle, the container
it is collected in (such as a bucket or other form of sampler) will be thoroughly
rinsed with ambient site water to ensure is not contaminated



samples will be placed in an esky and will be kept under the appropriate
holding conditions for each parameter until delivered to the laboratory within
the appropriate holding time (as advised by the analytical laboratory) in
accordance with the security and transport protocols outlined in the Monitoring
and Sampling Manual (DERM 2009a)



a chain of custody form will be completed for all samples sent to the laboratory
for analysis, and



samples will be analysed by a NATA-accredited laboratory, and laboratory
duplicates and blanks will be analysed in accordance with NATA-accredited
protocols.

Plankton Monitoring

The community composition and abundance of zooplankton at each site will be monitored
as an indicator of impacts due to a reduction in ions (e.g. calcium and magnesium) in the
receiving environment. Zooplankton are considered to be good indicators for this
purpose, as they rely on these ions to build their exoskeletons.
Zooplankton communities are expected to vary seasonally. They will therefore be
monitored twice per year at the Yuleba Creek sites (notionally in the wet season (summer)
and the post-wet season (autumn)).
Zooplankton samples will be collected by undertaking a plankton tow of 6 m in length at
each site. The plankton net will have an approximately 30 cm diameter opening, and a
mesh size of 250 µm. The sample will be preserved in alcohol in the field in a screw-cap
jar.
Samples will be sorted by a suitably-qualified aquatic ecologist with experience in
identifying zooplankton, and identified to the lowest practical taxonomic levels (genus and
species where possible). Where necessary due to large sample sizes, samples will be
sub-sampled and searched until at least 100 individuals of each of the major species are
found; and abundance estimates will be scaled for the whole sample.
Quality Assurance and Quality Control
Samples will be sorted by a suitably-qualified aquatic ecologist with experience in
identifying zooplankton. Where required, representative samples will be sent to the
Queensland Museum or another recognised expert in the field, to confirm identification.
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6.7

Macrophyte Monitoring

Macrophyte communities and algae abundance are expected to vary seasonally in
response to flooding flows. They will therefore be monitored twice per year at each site
(notionally in the wet season (summer) and the post-wet season (autumn) at the Yuleba
Creek sites).
At each site, macrophytes and algae will be surveyed along three 50 m by 1 m belt
transects. The percent cover of floating, emergent and submerged macrophytes will be
visually estimated by species, noting listed threatened and exotic (and declared noxious)
species. The Queensland Flora Wetland Indicator Species List (DERM 2010) to define
macrophyte species, and the Census of Queensland Flora 2007 (Queensland Herbarium
2007) will be used to classify macrophytes as native or exotic.
Quality Assurance and Quality Control
Macrophyte surveys will be completed by trained ecologists. Photographs of macrophytes
will be taken at each site and species were identified in the field, where practical.
Representative samples of indefinite identifications will be collected and pressed for later
identification by the Queensland Herbarium.
6.8

Macroinvertebrate Monitoring

Aquatic macroinvertebrates play a major role in the ecology of rivers. They form a key link
in the aquatic food chain, forming a pathway between primary producers and predators
(Chessman 1986). Aquatic invertebrates are sensitive to flow conditions, water quality
and habitat conditions (Choy & Marshall 1997). They are characteristically not very
mobile, and are therefore good indicators of local impacts (Choy & Marshall 1997; Walsh
2006). As the majority of the invertebrates are benthic, they are well suited to integrate
effects of localised change in water quality and habitat condition. Aquatic invertebrate
diversity is crucial to the maintenance of a healthy ecosystem (Choy & Marshall 1997).
Timing
Yuleba Creek is ephemeral, and is dry for most of the year.
As aquatic
macroinvertebrates can only be sampled when water is present, they will be surveyed
when and where permanent or semi-permanent waterholes exist in the receiving
environment. This will be in the wet season (summer) and the post-wet season (autumn).
Macroinvertebrate communities in ephemeral waterways are highly variable over time,
with community structure strongly linked to flow conditions (Smith et al. 2004). Life-history
strategies of aquatic fauna native to a particular region have evolved primarily in response
to natural flow regimes (Bunn & Arthington 2002). In such environments, significant
rainfall, the timing of floods and the presence of pooled water are the main driving forces
for aquatic ecology. Field survey will therefore occur at least two weeks (i.e. in order to
allow communities to become established) after substantial rainfall (i.e. enough rainfall to
generate flow in Yuleba Creek), avoiding periods of flooding flows.
Sample Collection
AusRivAS-style sampling (involving collection of one sample from each habitat, at each
site) was designed to provide a broad description of macroinvertebrate communities. As
noted in the Monitoring and Sampling Manual 2009 (DERM 2009a), the sampling protocol
used should be based on the objectives of the monitoring program, and may need to
include replication in the sampling design. To reliably detect impacts associated with the
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discharges, a quantitative sampling design is required that is statistically robust, and
spatially and temporally replicated. Replicated sampling enables a more rigorous analysis
of the variability within and between sites, essential to determine whether the mine
discharge is impacting macroinvertebrate communities downstream.
Collection of macroinvertebrate samples will therefore broadly follow the standard
AusRivAS methodology (DNRM 2001; DERM 2009a), with respect to habitat selection
and sampling technique. However, rather than a single sample being collected from a
10 m sweep in each habitat, five macroinvertebrate samples will be collected from each
habitat (expected to be bed (pool) and edge habitat) at each site, based on the number of
samples recently collected for other studies in the region (e.g. the Smartrivers Project, EM
2005).
When collecting samples, the substrate will be disturbed within a 30 x 30 cm area for a
period of five seconds, and each sample will then be collected by sweeping a standard
triangular-framed macroinvertebrate sampling net (250 µm mesh) through the disturbed
area five times. The samples will be transferred to zip-lock bags or screw-cap jars, and
transported chilled or frozen to the laboratory.
Habitat Assessment
In order to assist with the interpretation of results, habitat at each site will be described
using AusRivAS protocols (DNRM 2001). Site information will be collected from each site
based on AusRivAS protocols including stream order, distance from source, bank full
height and width, stream width, rain history of the site, where possible the water level
history of the site, the proportion of each habitat type in the reach, the water depth and
velocity, the width and cover of the riparian zone, shading, point source pollution, non
point source pollution, the presence and distance to barriers, type of barrier, land use,
description of substrate, and the percent coverage and type of aquatic vegetation. Each
site will also be given a habitat assessment score using the River Bioassessment
Program datasheet (DNRM 2001).
Laboratory Processing of Samples
Samples will be sorted, counted and identified to the lowest practical taxonomic level (in
most instances family), to comply with AusRivAS standards and those described in
Chessman (2003).
Quality Assurance and Quality Control
Field sampling will be completed by AusRivAS-trained ecologists that are experienced in
the aquatic habitat of waterways in Central Queensland, and specifically in sampling of
ephemeral waterways.
Enumeration and identification of macroinvertebrate samples will be done by AusRivASaccredited ecologists. Sorting, enumeration and data entry will be cross-checked by a
second ecologist for 10% of the samples. An error rate of > 10% will be considered
unacceptable (in accordance with the National River Health Program protocols, DERM
2009a), and will result in a further 10% of samples being checked by a second ecologist,
and so on.
A reference collection will be made, including specimens of all
macroinvertebrate taxa indentified during the REMP, with identification of each specimen
also cross-checked by a second ecologist, with the identifications and data entry updated
where required.
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6.9

Fish Monitoring

Fish may be very common in freshwater creeks and rivers, with abundance and
distribution influenced by habitat volume, quality and diversity; catchment size; distance
from the river mouth; and season. The abundance and species composition of fish
communities can reflect a range of disturbances, both natural and those caused by
humans (EHMP 2007). Fish are influenced by changes in both water and habitat quality,
and because they are relatively long-lived, mobile and often high in the food chain, they
can provide an integrated measure of stream condition (EHMP 2007).
Knowledge of the fish communities of gained through monitoring will offer a reliable
indication of stream health, as there is comparative data available for the CondamineBalonne River Catchment, and the environmental sensitivities of key taxa within each
group are reasonably well known.
Fish communities are expected to vary seasonally in response to flooding flows. They will
therefore be monitored twice per year at each site (notionally in the wet season (summer)
and the post-wet season (autumn) at the Yuleba Creek sites).
Sample Collection
Fish communities will be surveyed using a combination of backpack or boat electrofishing
(depending on the nature of the waterway being sampled), seine and set nets, baited
traps and dip nets. Electrofishing and trapping are the preferred methods for targeting
fish and macrocrustaceans, and will be attempted at all sites. Nets will only be used at
sites where electrofishing returns no fish; or is not considered possible or appropriate.
Electrofishing will be conducted using a Smith-Root LR-24 backpack electrofisher or a
Smith-Root 2.5 GPP boat electrofishing unit, depending on the dimensions of the
waterway. Field sampling will follow the methods used in the south-east Queensland
Ecosystem Health Monitoring Program (EHMP 2007), adapted where appropriate to suit
local conditions. All available habitat units (i.e. riffle, run, pool) will be fished at each site.
Electrofishing will be conducted in accordance with the Australian Code of Electrofishing
Practice.
As a minimum at each site five replicate samples will be collected using small (2 mm
mesh) and large baited traps (20 mm mesh).
At sites where electrofishing returns no fish, or is not considered appropriate to the
conditions, replicate sampling will be conducted using a combination of: seine
nets(~10 mm mesh size, at least three hauls); set gill nets (75 mm and 150 mm mesh, set
for a minimum of two hours, at dusk where possible); and dip nets (of 2 mm mesh).
At each site, the species present and the abundance of each species by life history stage
(juvenile, intermediate, adult), the length frequency distribution for each species, and the
apparent health of individuals will be recorded. Specimens that cannot be identified in the
field will be euthanised and returned to the laboratory for identification.
Quality Assurance and Quality Control
The sampling of fishes will be conducted by suitably trained ecologists under the
requirements of the Australian Code of Electrofishing Practice and permits required to
complete the sampling (i.e. General Fisheries Permit, Animal Ethics Approval and
Scientific Purposes Permit).
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Voucher specimens will be collected and lodged with the Queensland Museum for
confirmation of identifications as required.
6.10

On-site Observations

General observations will be recorded at each site during each sampling event, to provide
an ‘early warning’ of potential adverse impacts. This will include looking for evidence of
algae blooms, such as a green colour to the water, or sightings of filamentous algae. If
algae are detected, this will be a trigger to investigate and quantify the extent of impact.
Unusual deposits of sediment (e.g. very fine sediment (i.e. silt) over usually sandy beds,
or sediment of a different colour) and any evidence of chemical precipitation will be noted
during each sampling event. If these are detected, this will be a trigger to investigate
recent releases and water and sediment quality results (with comparisons of receiving
environment sites to background sites).
The occurrence of fish kills, which do not appear to be related to the natural drying of
pools, will be noted and reported to DERM.
6.11

Monitoring of Unplanned Releases to the Watercourse

A risk-based approach will be taken to determine the monitoring required for an
unplanned release of treated CSG water to Yuleba Creek. Any additional monitoring
required will be determined at the time of the release based on the nature of the event.
During an unplanned release event all monitoring programs already in place, such as this
REMP and the Water Quality Monitoring Program (WQMP) (Appendix 7 to CWMP) which
monitors water quality and quantity released on a frequent basis, will continue. This level
of monitoring is deemed adequate for most foreseeable unplanned events, such as
exceedences of water quality that may occur.
Any exceedence event is proposed to be recorded and reported as described in the
proposed Source Water and Treated Water Monitoring Program (Appendix 7 to CWMP).
6.12

Spatial and Temporal Controls

The background sites are spatial controls in the REMP design, i.e. data from these sites
will enable ‘natural’ trends to be separated from those that may have been caused by the
discharges. Temporal controls in the REMP design include the proposed frequency of
sampling, which takes into account the expected temporal variation of the various
indicators being monitored (for example, macroinvertebrates have shorter life-history
cycles and are likely to vary on a shorter timescale than macrophyte and fish
communities, therefore they will be sampled more frequently). The data collected as part
of the EIS or previous studies will also be used where relevant.
6.13

Assumptions and Qualifications

The proposed survey site locations have been determined based on distributing the
receiving environment sites throughout the proposed receiving environment, available
information regarding the location of permanent and semi-permanent water holes, and
accessibility of the sites throughout the year (in terms of minimising private property
access, and ensuring that the sites are accessible during the wet season). Note that the
exact location of these sites may change based on private property access restrictions
and accessibility in wet conditions. Details of such changes would be provided to DERM
for approval prior to implementing the changes.
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Sites at road crossings are likely to be impacted by the presence of the road, and this will
be taken into account when analysing the data. However, locating sites at public road
crossings is necessary to ensure that they are safely and easily accessible at almost all
times of the year; and so that access to private property is not required. Sites located
away from public roads or well-established tracks may not be accessible during wet
conditions due to the risk of bogging.
It is acknowledged that the background sites are not in ‘pristine’ condition, and are
influenced by surrounding and upstream land uses (primarily agriculture, but also road
crossings and water resource development upstream). However, as explained in the
QWQG, good background sites are difficult to locate, and the least disturbed sites will
need to be used as background sites (DERM 2009b). The chosen background sites are
therefore considered to be appropriate for meeting the aims of the Australia Pacific LNG
Project REMP, i.e. they are representative of stream reaches not affected by the
proposed discharges.
It is possible that some sites may be dry during some survey events, depending on factors
such as rainfall in the wet season etc.. Where sites are dry during a designated survey
event, sediment quality and habitat data will still be collected.
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7.

Data Analysis and Reporting

7.1

Interim Analysis and Reporting

An initial description of water flows preceding and during each survey will be provided,
along with a summary of bank stability, soil sodicity, and bank slumping.
Water quality data will be entered, and the results described after each survey. This
review will include comparisons of median water quality for physical and chemical
properties as well as 95th percentile water quality for toxicants at each site to the default
WQOs nominated in Section 0 (in accordance with the methods outlined in Section 5 of
the QWQG). Initial comparisons will also be made between the receiving environment
sites and the background sites.
Sediment quality data will be entered, and the results reviewed after each wet season.
This review will include comparisons of sediment quality at each site to the default WQOs
nominated in Section 0, and initial comparisons between the receiving environment and
background sites.
Initial comparisons will be made of macrophyte species richness and coverage at the
receiving environment sites and the background sites.
Initial comparisons will be made of zooplankton species richness and abundance at the
receiving environment sites and the background sites.
Macroinvertebrate data will be entered at the completion of laboratory processing and
indices will be calculated (taxonomic richness, PET richness and SIGNAL 2 scores).
Initial comparisons will be made of index values at the receiving environment sites and the
background sites. The richness and abundance of macrocrustaceans will also be
compared between receiving environment and background sites, using data collected in
both macroinvertebrate and fish sampling.
The fish data will be analysed to determine richness, abundance, life history
characteristics and the percentage of native and exotic species for the fish populations at
each site, and initial comparisons between the receiving environment and background
sites will be made.
Potential impacts to the environmental values of the receiving environment will be flagged.
7.2

Annual Analysis and Reporting

Flow
Stream flow hydrographs will be produced for each of the gauging sites, and annual and
seasonal patterns in flow will be described for Yuleba Creek. Consideration will be given
to whether these hydrographs are representative of the REMP sites.
A discussion of impacts of the discharge(s) on flow in the receiving environment will also
be provided.
Bank Stability
A detailed description of erosion channel and bank profile will be provided, including a
description of erosion and bank slumping where observed. This description will be
supported by summaries of data from the Sustainable Rivers Audit assessment and
photographs as appropriate. Soil sodicity will also be determined and discussed.
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The annual report will provide a comparison of bank stability at the receiving environment
and background sites, and will identify temporal trends in bank stability, in relation to
water flows and any potential impacts of the discharge.
Water and Sediment Quality
Each year, water and sediment quality at the receiving environment sites will be
compared to the WQOs presented in Section 0 (or updated regional WQOs if derived by
DERM during the period of the REMP) and the calculated site-specific background values
(if available, see Section 7.3 below), to assess compliance at the receiving environment
sites, in accordance with the methods outlined in Section 5 of the QWQG.
Water quality will also be related to flows measured at the gauging station, and a
discussion of water quality under various flow conditions will be provided.
Water and sediment data will also be related to biological data using multivariate
statistical techniques, in accordance with the methods outlined below.
Plankton
The species composition of zooplankton communities (including a discussion of richness
and abundance at each site) will be discussed, and seasonal trends identified.
Comparisons of zooplankton richness and abundance between receiving environment
and background sites over time will be made using statistical techniques (such as
ANOVA) where appropriate. See Appendix B for further details. Zooplankton community
composition will also be correlated to the concentration of major ions (including calcium
and magnesium) in the water at each site using multivariate techniques e.g. BIOENV
(Appendix B).
Macrophytes
The species composition of macrophyte communities (including a discussion of the
proportion of emergent, submerged and floating macrophytes at each site) will be
discussed, and seasonal trends identified. Comparisons of macrophyte richness and
abundance between receiving environment and background sites over time will be made
using statistical techniques (such as ANOVA) where appropriate. See Appendix B for
further details.
Macroinvertebrates
Macroinvertebrate indices at the receiving environment sites will be compared to the
calculated site-specific background values (if available, see Section 7.3 below), to assess
compliance at the receiving environment sites. Comparisons of index values between
receiving environment and background sites over time will be made using ANOVA where
appropriate.
Statistical analyses will also be completed to provide a ‘whole of ecosystem’ view of the
current condition of the receiving environment, and to determine whether there have been
any likely impacts to macroinvertebrate communities due to the discharges. This will
include the use of analysis of multivariate data analyses (nMDS, ANOSIM and SIMPER)
to provide information on the similarities in the macroinvertebrate community structure
between locations, and on temporal changes in assemblages. To determine differences
in macroinvertebrate community structure at different sites and between sampling events,
community data will be analysed using multivariate techniques (done on PRIMER 6
software) for each habitat type sampled. See Appendix B for further details.
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RELATE analyses (including BIOENV) will be used to correlate sediment and water
quality data with the macroinvertebrate data, to determine which water and sediment
quality parameters are having the greatest influence on macroinvertebrate community
structure, and whether the discharges appear to have impacted on macroinvertebrate
communities downstream. This analysis will be used to inform the suitability of current
discharge limits for protecting downstream environmental values.
Fish
We will compare the richness, total abundance, abundance of ‘key’ fish species, and
abundance of each life history stage (juvenile, intermediate, adult), between sites and
sampling events using ANOVA where appropriate.
The relationships between fish communities at different sites and reaches will be also be
displayed visually for each habitat using MDS. Community data will then be analysed with
nested ANOSIM to determine the significance of any apparent differences in community
structure between sites and / or reaches. Data will also be analysed using SIMPER to
determine which taxonomic groups are responsible for any differences in assemblages
between sites and / or reaches.
Review of Monitoring Program Design
Based on the results of monitoring for all parameters, the appropriateness of the
monitoring program design for meeting the objectives of the program will be assessed and
discussed. Recommendations will be made regarding changes to the monitoring program
design (such as the extent of the receiving environment, the number of survey sites and
the indicators surveyed) where appropriate.
7.3

Derivation of Background Values

Data from the background sites in each study area will be pooled to determine sitespecific background values for Yuleba Creek in accordance with the methods outlined in
Section 4.4 of the QWQG, where the results are consistent between background sites. If
results for the background sites are obviously inconsistent after the first year of the REMP,
the suitability of the background sites, and the need to add other background sites to
account for natural variability, will be evaluated (in accordance with the recommendations
in Section 4.4.3.1 of the QWQG).
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8.

Summary

The aims of the REMP are to:


describe the background condition of waterways in the receiving environment,
including a description of key communities and ‘background’ (i.e. without
impacts from the proposed discharges) water quality characteristics



describe the environmental values (EVs) and water quality objectives (WQOs)
of the receiving environment



identify and describe the extent of any adverse environmental impacts to local
environmental values



monitor any changes in the receiving water, and

 determine background values for the receiving environment within two years.
Flows, bank stability, water quality, sediment quality, macrophytes, plankton,
macroinvertebrates and fish will be the key indicators monitored during the REMP, and a
summary of the survey design is presented in Table 8.1.
Background values specific to the study area will be derived based on data collected at
the background sites, and direct toxicity assessments (where required), in accordance
with the methods outlined in the QWQG. Review of the results and the use of univariate
and multivariate statistical techniques will be used to determine whether the discharges
have impacted the receiving environment.
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Table 8.1

Summary of the proposed REMP design for Yuleba Creek.

Flows

Parameter

Sampling Site

Sampling Method

Sampling Frequency

Flow volume

Gauging station 422219A

Obtain data from DERM

Obtain data for interim and annual reports

Bank Stability Rating
Soil Sodicity

Bank Stability

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Sustainable Rivers Audit field assessment
Sediment sampling (see below)

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Water Quality
Physico-chemical

Temperature, pH, conductivity, DO, turbidity

Nutrients

total nitrogen and total phosphorus (unfiltered) and ammonia (as
N), nitrate (as N), nitrite (as N), FRP (as P) (filtered)

Major
Ions

Cations

Hand-held water quality meter at two locations per site

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Replicate water samples at each site; collected from the
mid-channel, 30 cm below the water’s surface, by hand
or by a sampling pole with clamp; analysed by a NATAaccredited laboratory

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Replicate water samples at each site; collected from the
mid-channel, 30 cm below the water’s surface, by hand
or by a sampling pole with clamp; analysed by a NATAaccredited laboratory

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

and
Ca, K, Mg, Na, Cl, SO4, alkalinity

Biological

Chlorophyll-a, blue green algae, faecal coliforms, e-coli

Contaminants

OCPs, OPPs, TPH, BTEX, PAHs, total (unfiltered) and dissolved
(filtered) metals (Al, Ba, Be, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Zn, B,
Co, Mn, Mo, Se, Ag, U, V), metalloid (As), fluoride and silicon
TSS, TDS, hardness, carbonate, bicarbonate, hydroxide, colour,
SAR

Other
Sediment Quality
Physical

particle size distribution, pH

Cations and anions

Ca, K, Mg, Na, Cl, SO4, alkalinity, SAR

Nutrients

total nitrogen, total phosphorus, ammonia (as N), nitrate (as N)
nitrite (as N)

Contaminants

total metals and metalloids (Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg,
Pb, Ni, Zn, B, Co, Mn, Mo, Se, Ag, U, V), OCPs, OPPs, fluoride,
silicon, cyanide

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Richness and abundance of zooplankton

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

6 m haul with plankton net (30 cm diameter opening,
250 µm mesh)

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Macrophytes

Richness and coverage by species and growth form

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Estimate the percent cover of floating, emergent and
submerged macrophytes by species along three 50 m
by 1 m belt transects

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Macroinvertebrates

Aquatic macroinvertebrates identified to the lowest practical
taxonomic level (family or order) in accordance with modified
AusRivAS protocols

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Five replicate samples for both bed and edge habitat;
habitat assessment using AusRivAS protocols; samples
analysed by AusRivAS-accredited ecologists

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Fish

Richness and abundance of fish, including by life history stage

Receiving Environment Sites: YC DS1, YC DS2, and
YC DS3. Background Sites: YC US1, YC US2

Electrofishing and trapping

Twice per year (notionally in the wet season
(summer) and post-wet season (autumn))

Plankton
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Appendix A - Survey Site Locations

(Figure extracted from Hydrobilogy, 2010)
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Appendix B - Introduction to the Proposed Data Analyses
Macroinvertebrate Indices
A number of indices are effective indicators of ecosystem health (EHMP 2004). Use of
multiple indices contributes to the robustness and reliability of any assessment. The
following indices have all been found to be effective indicators of ecological health (EHMP
2004) and will be used as indicators in the REMP.
Taxonomic Richness
Taxonomic richness is the number of taxa (typically families) in a sample. Taxonomic
richness is the most basic and unambiguous diversity measure, and is considered to be
among the most effective diversity measures. It is however, affected by arbitrary choice of
sample size. Where all samples are considered to be of equal size, taxonomic richness is
considered to be a useful tool when used in conjunction with other indices. Richness does
not take into account the relative abundance of each taxa, so rare taxa have as much
‘weight’ as common ones.
PET Richness
While some groups of macroinvertebrates are tolerant of pollution and environmental
degradation, others are sensitive to these stressors (Chessman 2003). The Plecoptera
(stoneflies), Ephemoptera (mayflies), and Trichoptera (caddisflies) are referred to as PET
taxa, and they are particularly sensitive to disturbance. There are typically more PET
families in sites with good habitat and water quality than in degraded sites, and PET taxa are
often the first to disappear when water quality or environmental degradation occurs (EHMP
2007). The lower the PET score, the greater the inferred degradation.
SIGNAL 2 Scores
SIGNAL (Stream Invertebrate Grade Number — Average Level) scores are also based on
the sensitivity of each macroinvertebrate family to pollution or habitat degradation. The
SIGNAL system has been under continual development for over 10 years, with the current
version known as SIGNAL 2. Each macroinvertebrate family has been assigned a grade
number between 1 and 10 based on their sensitivity to various pollutants. A low number
means that the macroinvertebrate is tolerant of a range of environmental conditions,
including common forms of water pollution (e.g. suspended sediments and nutrient
enrichment).
SIGNAL 2 scores are an index of macroinvertebrate communities that gives an indication of
the types of pollutants and other physical and chemical factors affecting a site, that is also
weighted for abundance, so that the relative abundance of tolerant or sensitive taxa can be
taken into account (instead of only the presence / absence of these taxa). The overall
SIGNAL 2 score for a site is based on the total of the SIGNAL grade (multiplied by the weight
factor) for each taxa present at the site, divided by the total of the weight factors for each
taxa at the site.
Low SIGNAL 2 scores indicate low abundance of moderately sensitive taxa and a high
abundance of tolerant taxa, which in turn is indicative of poor habitat quality. In contrast, a
high SIGNAL 2 score indicates moderate to high abundance of sensitive taxa, which is
indicative of good habitat quality (Chessman 2003).
Univariate Analyses
ANOVA (analysis of variance) is a statistical hypothesis testing procedure. It compares the
mean of different variables, taking into account the variance both within each test group (e.g.
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site) to variance among each test group (e.g. sites). The null hypothesis is that this mean is
the same for all groups. Generally, if the significance level of the test (p value) is below 0.05,
the null hypothesis can be rejected. Two-way ANOVA incorporates differences between sites
and also time. A significant interaction between site and time indicates that one group of
samples (e.g. receiving environment sites) has changed at a different rate relative to another
group of samples (e.g. reference sites).
Where ANOVA indicates that there are significant differences among means, post-hoc tests
were used to separate and group means from the analysis of variance tests, i.e. to determine
which groups or sites are different from one another (Zar 1996).
Multivariate Analyses
Multivariate statistical techniques are widely used in ecology to assess the similarities /
relationships between communities. Whereas univariate analyses can only compare one
variable at a time (e.g. an index of community structure such as a diversity index, or a single
indicator species), multivariate analyses can compare samples based on the extent that
communities share particular taxa and the relative abundances of each taxa (Clarke &
Warwick 2001).
Ordinations are particularly useful tools for analysing, and visually presenting, differences
among communities. Ordinations are maps of samples, in which the placement of samples
on the map reflects the similarly of the community to the communities in other samples
(Clarke & Warwick 2001). Distances between samples on an ordination attempt to match the
similarities in community structure: nearby points represent communities with very few
differences; points far apart have very few attributes in common (Clarke & Warwick 2001).
The first step of multivariate analysis usually involves the creation of a similarity or
dissimilarity matrix, which incorporates the creation of a triangular matrix of similarity
coefficients, computed between every pair of samples. The coefficient is usually a measure
of how close the abundance levels are for each species (defined so that 100% = total
similarity and 0% = complete dissimilarity). While there are a number of metrics used, the
Bray-Curtis coefficient is commonly to convert biological data (i.e. abundances of different
taxonomic groups) into a similarity matrix (Clarke & Warwick 2001).
non-Metric Multi-dimensional Scaling (nMDS)
Non-metric multi-dimensional scaling (nMDS) attempts to places samples on a ‘map’, such
that the rank order of the distances among samples matches the rank order of the matching
similarities from the similarity matrix (Clarke & Warwick 2001). This provides a visual
representation of the similarities among communities within each sample. Note that each of
the axes is not related to any particular value; in fact axes can be rotated to provide the best
visual representation of the data.
A stress coefficient is calculated to reflect the extent to which the nMDS ordination and the
similarity matrix agree (Clarke & Warwick 2001), i.e. how well the nMDS ordination
accurately reflects the relationship between samples. Stress values of < 0.15 are generally
acceptable for interpretation.
Analysis of Similarities (ANOSIM)
ANOSIM is analogous to analysis of variance (ANOVA) in univariate statistics (Clarke 1993;
Smith 2003). A global R statistic is calculated to determine whether there is a significant
difference among all samples. If there are differences, then pairwise comparisons are
conducted to test for differences between pairs of samples (analogous to post-hoc tests in
ANOVA).
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The ‘R’ value lies between +1 (all similarities within groups are less than any similarity
between groups) and -1 (similarities among groups are less than within groups), with a value
of zero representing the null hypothesis (no difference among a set of samples) (Clarke &
Warwick 2001). Comparison of pair-wise R values can give an indication of how different
communities are: R values close to 0 indicate little difference, values around 0.5 indicate
some overlap and values close to 1 to indicate many or substantial differences. In many
instances however, researches are primarily interested in whether the R value is statistically
different from zero (usually at a confidence level of 0.05) (Clarke & Warwick 2001), i.e.
whether they can reject the null hypothesis.
ANOSIM can provide information on whether the (visual) differences between assemblages
in the nMDS ordination are significantly different based on an independent permutation test
that is separate from the nMDS ordination. It is based on testing the differences between the
rank similarities in the similarity matrix, not on the distances between samples in the nMDS
ordination (Clarke & Warwick 2001).
Similarity Percentage – Species Contributions (SIMPER)
SIMPER analysis was done to identify the species / taxa that contributed to the dissimilarity
between the communities at each site in May 2009 (i.e. it identifies which species are
contributing the most to the differences among and within sites). SIMPER analysis may help
to identify potential ‘indicator’ species. For example, if a particular species consistently
contributes substantially to the differences between impacted and unimpacted assemblages,
it may be a useful indicator of environmental harm. The abundance of this indicator species
can then be compared among sites using univariate techniques such as ANOVA.
BIOENV
The BIOENV procedure is part of the RELATE function in the PRIMER 6 software, and can
be used to examine the extent to which observed community patterns in biological data, such
as the composition and abundance of macroinvertebrates among different sites, can be
related to a combination of observed physical or chemical variables collected from the same
sites (Clarke & Warwick 2001). The combinations of physical or chemical variables are
compared against biological variables, using increasing levels of complexity.
The
combination of environmental variables that best describe the biological community pattern
are ranked and analysed using a rank correlation coefficient test (Spearman’s coefficient –
Rho ()). Values of  lie between -1 and 1, which corresponds to cases that are in complete
opposition or in complete agreement, -values around zero occur when there is no match
between the two patterns (Clarke & Warwick 2001). The combination of environmental
variables that best describes any biological pattern will typically be closer to 1 than 0.
Scaling or normalisation of environmental data is usually required, so that each of the
variables have comparable, dimensionless scales (Clarke & Warwick 2001). This helps to
eliminate differences that may be caused by arbitrary scaling of the variable (e.g. the results
will be different using mg/kg or µg/kg for sediment metal concentrations).
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Appendix C - Methods for Derivation of Regional WQOs and
Background Values
Regional WQOs will be derived for the Condamine Catchment by DERM in the future and will
be incorporated into future versions of the QWQG (DERM 2009). This will be done using a
‘reference-based’ approach, based on data collected at reference sites surveyed in DERM’s
regional monitoring program.
Site-specific background values will be derived as part of the REMP, using a similar
approach: that is, the values will be based on data collected from the background sites that
are not influenced by the proposed discharges. Until the Reedy Creek discharge
commences, the receiving environment sites on Yuleba Creek will also act as background
sites.
Where appropriate, direct toxicity assessments will also be used to determine what influence
water and sediment quality have on biological communities, and whether there are clear
‘trigger values’ for toxicant concentrations that impact on biological communities.
The background values will inform the refinement of licence limits and trigger values in the
future.
A discussion of each of these methodologies is presented below.
Acceptable Departure From Reference Condition
In summary, derivation of regional WQOs by determining the acceptable departure from a
reference condition involves selection of appropriate reference sites to represent the aquatic
habitats found within the study area, and calculating 20th and 80th percentile values (in the
case of slightly-moderately disturbed waters) for each water quality indicator, to form the
basis of the WQOs (DERM 2009). A reference site is defined as a site where (from DERM
2009):


there is no intensive agriculture (such as the use of irrigation and agrochemicals;
dryland grazing is not included in this category), extractive industry, major urban
areas or point source wastewater discharge within 20 km upstream, and



the seasonal flow regime is not greatly altered by water abstraction or regulation.

Typically, percentile data should be based on a minimum of 18 data points collected over at
least 12 months (but preferably 24 months) from one or two background sites, and 12 data
points collected over at least 12 months (but preferably 24 months) from three or more
background sites (DERM 2009). The minimum interim data set requirement is 8 data points
collected over 12 months. In ephemeral environments, at least two but preferably three or
more reference sites should be sampled (DERM 2009). However, the guidelines note that
interim WQOs could be derived from local data after eight data points have been collected
over this period (DERM 2009). These interim objectives would be subject to further
refinement after more data is collected.
DERM will use water quality data from reference sites in their regional monitoring program to
derive regional WQOs in the future. The background sites for the Australia Pacific LNG
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REMP may not meet the criteria for a reference site. However, data from the background
sites will be analysed in the same way in order to derive site-specific background values.
Direct Measurement of Biological Impacts
This method of deriving guidelines is based on direct testing of a toxicant on a target
organism, such as fish and other aquatic species (DERM 2009). Such studies are often
known as direct toxicity assessments, or ecotoxicology / bioassay procedures. This
approach is appropriate for a stressor that has direct measurable impacts on biota such as
heavy metals, but is less appropriate for stressors whose impacts on biota are indirect and
more complex (such as nutrients; DERM 2009). Spiked sediment toxicity testing is also
appropriate for determining local sediment guidelines (ANZECC & ARMCANZ 2000).
Field Studies
Biological and environmental data (such as toxicant concentrations in water and sediment)
can be ‘matched’ using statistical correlation techniques, to determine what influence water
and sediment quality are having on biological communities, and whether there are clear
‘trigger values’ for toxicant concentrations that result in a shift in biological community
composition.
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Appendix 5 : Location of Discharge Release
Point
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Appendix 7 : CSG Water Quality Monitoring
Program
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Coal Seam Gas Water Quality Monitoring Program:
Reedy Creek Water Treatment Facility

1.

Introduction

1.1

Objective and scope

This document proposes the coal seam gas (CSG) water quality monitoring and reporting
that will be conducted in relation to the release of treated CSG water to surface water
(specifically Yuleba Creek) from the Reedy Creek Water Treatment Facility (RCWTF).
The primary objective of the monitoring program is to provide clarity around the constituents
found within CSG water and provide confidence with the ongoing quality of CSG water
treated within the RCWTF for both government regulatory and public stakeholders.
For the purpose of this document, source water has been defined as CSG water prior to any
treatment occurring. Treated water has been defined CSG water that has been treated and
conditioned to an appropriate level for end use.
It is understood through communication with the OWSR that both source and treated water
quality monitoring will be required for approval to release to surface waters treated CSG
water that has either material impact or no material impact to drinking water supplies1. The
monitoring requirements stated in this document are in response to proposed future
legislation in the Water and Other Legislation Amendment (WOLA) (Draft) Bill, 2010. This
document represents Australia Pacific LNG’s commitment to monitor source and treated
CSG water for the protection of public health and the environment.
The monitoring program contained herein covers the intended characterisation and
monitoring of the source and treated CSG water from the Combabula area. This program
details the monitoring parameters, monitoring frequency and monitoring locations for source
and treated water. It also includes the intended notification and reporting that will be
undertaken in relation to routine data collection and also in the event of exceedences of
conditions in the Environmental Authority (EA) under which RCWTF may operate whilst
discharging to Yuleba Creek. The proposed monitoring program developed for the RCWTF
is based upon the requirements for the monitoring specified in EA (petroleum activities) No.
PEN100067807 (herein called Talinga EA) received in June 2010. Talinga is a development
area within the Australia Pacific LNG project which discharges into the Condamine River,
the ultimate catchment destination of flow from Yuleba Creek. Flow from Yuleba Creek
enters the Balonne River approximately 27 km downstream of the Cotswold gauging station,
part of the Condamine-Balonne River Catchment.

1.2

Definition of terms

RCWTF – Reedy Creek Water Treatment Facility
CSG water – often called associated water, is underground water extracted from a coal
seam to enable the production of coal seam gas.
DERM – Department of Environment and Resource Management
EA – Environmental Authority

1

The definition of material impact and no material impact is yet to be provided by DERM.
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Filtered water – CSG water which has been partially treated at the water treatment facility
by microfiltration (not yet been treated by reverse osmosis (RO)).
OWSR – Office of the Water Supply Regulator
Permeate – Water downstream of the reverse osmosis treatment.
Pond water – CSG water that has been extracted from wells and aggregated in storage
ponds
RO – Reverse Osmosis
Source water – CSG water prior to any treatment of the water occurring. It includes CSG
water directly from the wells and CSG water aggregated in ponds prior to treatment.
Talinga EA - Environmental Authority (petroleum activities) No. PEN100067807
WOLA - Water and Other Legislation Amendment (Draft) Bill, 2010
Treated water – permeate which has been treated and further conditioned to make it
suitable for discharge to surface water.
TWTF – Talinga Water Treatment Facility
Well water – CSG water after is has been extracted from the CSG wells before it has been
aggregated in storage ponds.
WTF – Water Treatment Facility – purpose-built water treatment facility designed specifically
to treat CSG water to a standard appropriate for intended use/management/disposal.

1.3

Background

The proposed gas development in the Combabula development area is anticipated to have
a gas production processing capability of up to 525 TJ/d, consisting of approximately 683
CSG production wells and associated infrastructure, including a 40 ML/d WTF.
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.
CSG water primarily contains sodium bicarbonate, sodium carbonate and sodium chloride
(or common salt) with some other dissolved minerals. Purpose built WTFs such as the
proposed RCWTF may be able to recover up to 90 % of the water, with treated CSG water
containing minimal salt content.

1.4

Legislation overview

There are typically several stages involved in the management of CSG water.
include extraction, processing and disposal.
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In general, different sets of legislation regulate each stage in the management of CSG
water.
1.4.1

Extraction

Mainly, two Acts regulate this stage:



the Petroleum and Gas (Production and Safety) Act 2004 (PG Act) applies to tenures
granted after 2004
the Petroleum Act 1923 (P Act) applies to licences granted before 2004

Essentially the right to extract CSG water is embodied in these Acts (explicitly in the PG Act,
implicitly in the P Act).
Operational works need to comply with provisions of the Sustainable Planning Act 2009.
This Act is Queensland’s principle planning legislation. Its purpose is to seek to achieve
ecological sustainability.
1.4.2

Processing

The Environmental Protection Act 1994 (EP Act) – the central component of the Queensland
environmental legal system – is the main legislation regulating this stage. The object of this
Act is environmental protection in the context of ecologically sustainable development. To
achieve this several tools are provided. The most relevant for CSG activities are the:





Environmental Protection (Waste Management) Policy 2000
Environmental Protection (Waste Management) Regulation 2000
Environmental Protection (Water) Policy 2009
Environmental Protection Regulation 2008

Under the EP Act, CSG water is considered to be a waste, as it is deemed to be a leftover
by-product from an industrial activity.
Disposal
In addition to the EP Act, release of treated CSG water to surface waters is regulated by the
Water Act 2000. This Act provides a framework for planning and regulation of the use and
control of water. Its basic aim is sustainable management and efficient use of water
resources. Water Resource Plans are one of the Act’s main planning instruments. These are
prepared through a consultative process. One of the most important elements of this
process is achieving a balance between competing interests: balancing the quantity of water
extracted for human use with that required for protection of aquatic ecosystems.
Provisions in the Water Act also regulate such matters as destruction of vegetation in a
watercourse, excavation or placing fill in a watercourse. The Water Act is linked to the
Sustainable Planning Act 2009.
Regulations affecting CSG water, overall, are summarised in the diagram below.
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Figure 1: - Regulatory framework for CSG water (DERM 2010b)
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1.4.3

Water and Other Legislation Amendment (Draft) Bill 2010

The WOLA (Draft) Bill 2010 provides a summary of the amendments acts in relation to the
development of CSG industry. It is proposed that the amendments will deliver on
commitments made in the LNG Blueprint for the protection of water resources. Currently the
Bill is in draft form, undergoing stakeholder review. It is understood that the Bill will be
legislation by the end of 2010.
The draft Bill relocates and develops the existing regulatory framework for managing
groundwater impact of the petroleum industry from the P Act and the PG Act into the Water
Act. In the framework proposed by the draft Bill, the Water Act will legislate the response to
impacts on water supply bores and springs from the extraction of groundwater by CSG
proponents.
The draft Bill also proposes amendments to the Water Supply (Safety and Reliability) Act,
prescribing CSG water as a recycled water source when impacting town drinking water
supply and as such, it should be treated in accordance with the Australian Drinking Water
Guidelines (ADWG) (National Health and Medical Research Council, 2004).
The draft Bill requires a recycled water management plan to be developed, except where it
can be demonstrated that there is no material impact on the town’s drinking water supply or
where certain requirements specific to aquifers are not met.
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2.

Source Water

2.1

Overview

Source water is the term used to refer to CSG water prior to any treatment of the water
occurring. The term applies to CSG water directly from the wells and CSG water
aggregated in ponds prior to treatment.
The proposed water management scheme for Combabula will closely resemble the water
management for the Talinga Development Project which involves water gathering systems,
water storage and a water treatment facility (WTF). An overview of the proposed water
gathering and storage systems for the source water is provided in this section. An overview
of the WTF is provided in section 3 below.

2.2

Water gathering system

CSG water is extracted to depressurise the coal seam for gas production. Figure 2 shows
the extraction of gas and water from the coal seams. The figure shows 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
separate the water from the gas.

Figure 2: - Representative sketch of extraction of CSG and CSG water from coal
seams
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 and gas to
dedicated processing facilities.
Water from the gathering system is intended to be delivered to the Feed Pond of a new WTF
located at Reedy Creek, within the Combabula Development Area. The Feed Pond will be a
lined water storage reservoir that has been constructed to DERM’s specific requirements.
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2.3

Water storage system

The Feed Pond provides a location for the aggregation and short-term, buffer storage of
CSG water from individual wells so that all CSG water from the Combabula Development
Area can be managed in a central location. The Feed Pond also allows for the water to be
contacted with atmospheric oxygen and allows for precipitation of metals such as aluminium,
iron and manganese. Experience at Talinga WTF shows that the Feed Pond also provides
effective homogenisation of CSG water from individual wells.
The Feed Pond at RCWTF will be designed similarly to Talinga WTF Feed Pond to ensure
water exiting the Feed Pond is well mixed. For this reason, the proposed source water
monitoring will be done at the Feed Pond rather than at individual wells, to ensure that the
results obtained for source water monitoring are representative of the compounds/elements
found within all the CSG wells in production, rather than individual wells.
The RCWTF Feed Pond will also potentially receive CSG water other than directly from the
water gathering system.
CSG water, entrained in the gas as it exits the well-head
separator which is subsequently separated from the gas at the GPF, may be sent to the
Feed Pond. Off-specification treated CSG water from the WTF may be recycled to the Feed
Pond for reprocessing to prevent the discharge or reuse of water not within required quality
specifications. The Feed Pond may also receive waste streams from the RCWTF such as
backwash from filtration processes and rinse water from ion exchange processes. The
volume of these flows will be minimal in relation to the volume of water contained in the
Feed Pond. All flows will be added to the inlet of the Feed Pond to ensure they are well
mixed with the contents of the pond.
It is not anticipated that fraccing of wells be undertaken within the first five years of
development. If frac-related CSG water is to be introduced to the Feed Pond, a risk
assessment will be completed by Australia Pacific LNG prior to the introduction of the fracrelated water to the Feed Pond. The results of the risk assessment will be submitted to
DERM.

2.4

Water quality characteristics

The anticipated source water quality for CSG water contained in the Feed Pond at Reedy
Creek is shown below in Table 1. As the RCWTF Feed Pond will receive water from a
number of production wells located across the Walloon coal measures within the
development area, with some flow diversion from other regions possible, feed water is
expected to vary. As such, the RCWTF will be able to handle feed salinities above and
below the expected typical feed salinity indicated.
The CSG water is anticipated to have a slightly alkaline pH, with moderate salinity levels
primarily due to the presence of sodium bicarbonate, sodium carbonate and sodium chloride
(common salt), with some other dissolved minerals.
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Table 1:

Reedy Creek WTF anticipated water quality - feed pond concentration

Property

Units

Typical Reedy Creek
WTF Feed (Note 1)

Algae

Cells/mL

104 – 7x105

pH

8.8 – 9.2

Temperature

o

Total Dissolved Salts

mg/L

6300

Suspended Solids (Note 2)

mg/L

20 - 150

Dissolved Organic Carbon

mg/L

< 10

Silica as SiO2

mg/L

26

Calcium as Ca

mg/L

24

Magnesium as Mg

mg/L

9.4

Sodium as Na

mg/L

2280

Potassium as K

mg/L

15.5

Barium as Ba

mg/L

2.3

Strontium as Sr

mg/L

5.9

Chloride

mg/L

3100

Carbonate as CaCO3 (Note 3)

mg/L

70

Bicarbonate as CaCO3 (Note 3)

mg/L

650

Fluoride by ISE

mg/L

1

Boron as B

mg/L

0.4

Sulphate as SO4

mg/L

<1

Iron; total

mg/L

5

Manganese; total

mg/L

<0.5

Aluminium; total

mg/L

<1

C

15 - 30

Notes:
1.
2.
3.

Design normal plant feed water quality (ex feed pond) for Reedy Creek plant. Operational range of concentration
parameters in rows 4 and below to be assumed variable from -20% to +40% of indicated typical values.
Suspended solids will be predominantly organic material due to the use of lined feed ponds.
Alkalinity split is typical based on data for CSG water after stabilisation in feed ponds.

As with Talinga WTF, it is anticipated that there may be some parameters not contained in
Table 1 such as iodine and petroleum hydrocarbons that will be detected in the Feed Pond
water at Reedy Creek. Experience with Talinga WTF demonstrates that the WTF is an
effective mechanism for removing these contaminants from treated CSG water. The
characterisation of source water and treated CSG water proposed in this document will
identify these parameters and their reduction to appropriate levels within the treated stream.
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3.

Treated Water

3.1

Overview

At the RCWTF, CSG water will be treated using a variety of processes including membrane
filtration and reverse osmosis (RO) treatment for the removal of dissolved salts and other
elements/compounds in order to make the water suitable for a variety of uses. In addition to
treatment, water may also be conditioned (i.e. certain compounds will be added to the water)
based on the final destination or use of the water e.g. calcium addition for release to surface
water.
Where water is to be discharged to a potential supply of human drinking water, it is
proposed that extensive characterisation and monitoring be undertaken prior to, during and
following the treatment process. The monitoring program proposed to be undertaken by
Australia Pacific LNG for the protection of public health as well as for the protection of the
environment, is detailed in section 4.
The RO system is the key process for removing contaminants from the CSG water. The
feed water to the RO system is treated and monitored for process control purposes, as
described below in section 3.2, to ensure the integrity of the RO membranes and the
system’s ability to remove contaminants.
The reject water stream containing the
concentrated contaminants and salts from the RO treatment, termed saline effluent, is sent
to Brine Ponds for further management. Details of saline effluent management are
contained in the Saline Effluent Management Plant (Appendix 9 of CWMP).
Several parameters are monitored continuously to provide real-time indication of the
performance of the treatment system and the quality of the treated water exiting the RO
system. As with Talinga WTF, it is anticipated that the control system for the RCTWTF will
automatically instigate a recycle of the treated water (preventing discharge to surface water)
exiting the RO system if any of the following parameters are not within an Engineer-specified
range (set relative to the discharge licence limits):







pH,
Conductivity,
Temperature,
Total chlorine,
Dissolved oxygen, and
Ammonia.

This online monitoring is considered to be part of normal operations and will be conducted in
addition to the source and treated water monitoring proposed within this document.
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3.2

Water treatment facility process

Figure 3 below provides an overview of a typical WTF process. The location of the
continuous, on-line monitoring described in the previous section is indicated. A description
of the treatment process depicted in Figure 3 is provided below.

Figure 3:
3.2.1

Water treatment facility process schematic

Feed Pond

As discussed, CSG water from the wells enters the Feed Pond and by design the water
maintains a retention time that allows for the water to be contacted with atmospheric
oxygen. The retention in the pond also allows for precipitation of metal ions.
3.2.2

Monochloramination biological control

Monochloramine, preformed from chlorine and ammonia gas applied to membrane Filtered
Water, is typically dosed at a level between 1.0 and 2.5 mg/L (as chloride) immediately
upstream of the WTF Raw Water Feed pumps. The chloramination process is intended to
be monitored via online instrumentation downstream of the Membrane Filtration (MF) Unit .
3.2.3

Filtered water conditioning

Raw water is typically screened to remove coarse solids prior to the MF Unit. Samples
taken from the MF Unit sampling point at the Talinga WTF contained no detectable
aluminium and iron.
MF Unit filtrate (also referred to as Filtered Water) can be optionally treated by a weak acid
cation (WAC) exchange process to reduce the potential to form mineral scales in the

commercial-in-confidence

Q-1805-15-PS-0002

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

11

Coal Seam Gas Water Quality Monitoring Program:
Reedy Creek Water Treatment Facility
downstream RO process, which can reduce water recovery. Cations removed are replaced
by sodium ions. The WAC exchange is acid regenerated, with all high salinity wastes
typically directed to a brine pond.
Following WAC exchange is typically a multi-stage RO treatment system, comprised of
Primary RO (PRO) and Secondary RO (SRO) units. This process will be designed to
produce a raw combined Permeate stream with a total dissolved salt (TDS) level less than
150mg/L year-round.
For Talinga, 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 Filtered Water.
Safeguards which will prevent discharges containing excessive proportions of Filtered Water
can include:



Continuous monitoring of pH levels and conductivity after treatment, allowing the
WTF to be shutoff if excessive Filtered Water is introduced via the Filtered Water
conditioning line; and
Flow through the Filtered Water conditioning line control valve can be hydraulically
limited by design.

WTF Permeate from PRO and SRO units are combined and typically analysed upstream of
any conditioning processes. Parameters measured by analysers at this point can be used to
control the dechlorination, Filtered Water conditioning line, and final pH adjustment control
systems.
3.2.4

Discharge conditioning

An Export Tank can provide a holding point for completion of dechlorination, stabilisation of
pH, and dampening of any final WTF Permeate quality variations. The Export Tank is
typically continuously monitored at a point adjacent the discharge outlet. As discussed, in
the event water quality approaches allowable discharge parameters, the WTF control
systems can isolate the discharge pipeline and stop water discharge. Once the Export
Tank’s maximum working level is achieved, WTF Permeate can be recycled to the WTF
Feed Pond typically, via an overflow. Parameters anticipated to be monitored and those that
will isolate the discharge pipeline are as follows:







pH (high and low);
Conductivity (high);
Temperature (high and low);
Total chlorine (high);
Dissolved oxygen (low); and
Ammonia (high).
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3.2.5

Calcium and magnesium dosing

Dosing facilities for calcium and magnesium are typically located just prior to the WTF
discharge point to surface water. This is the last and final step of water conditioning before
discharge.
3.2.6

Saline effluent

Reject from the RO units containing the concentrated constituents found in CSG water will
be sent to Brine Ponds for further management. WTF effluent, such as high salinity waste
from cleaning processes within the facility will also be sent to the Brine Pond. Details of
saline effluent management are contained in the Saline Effluent Management Plan
(Appendix 9, CWMP).

3.3

Treated water quality characteristics

The treated CSG water exiting the RCWTF is anticipated to have a similar composition to
that of the treated CSG water exiting the Talinga WTF. The water quality shown in Table 2
below is for the treated CSG water that has undergone dechlorination, pH adjustment and
final conditioning relative to discharge to surface water (ie calcium and magnesium addition
has occurred). In reference to Figure 3 the treated CSG discharge water occurs where
discharge is indicated.
Table 2: Summary of anticipated RCWTF feed water quality and export permeate
water quality
Property

Units

Typical Reedy Creek WTF
feed1
104 – 7x105

Note 4

8.8 – 9.2

6.5 – 8.5

C

15 - 30

15 - 30

Total Dissolved Salts

mg/L

6300

<315

Suspended Solids2

mg/L

20 - 150

<20

Dissolved Organic Carbon

mg/L

< 10

<5

Silica as SiO2

mg/L

26

<2

Calcium as Ca

mg/L

24

>5

Magnesium as Mg

mg/L

9.4

>1

Sodium as Na

mg/L

2280

<80

Potassium as K

mg/L

15.5

<1

Barium as Ba

mg/L

2.3

<0.1

Strontium as Sr

mg/L

5.9

<0.1

Chloride

mg/L

3100

22-120

Carbonate as CaCO3

mg/L

70

-

Bicarbonate as CaCO3

mg/L

650

-

Algae

Cells/mL

Anticipated Reedy Creek
treated CSG discharge
Water3

pH
Temperature
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Property

Units

Typical Reedy Creek WTF
feed1

Anticipated Reedy Creek
treated CSG discharge
Water3

Total Alkalinity as CaCO3

mg/L

-

<100

Fluoride by ISE

mg/L

1

<0.5

Boron as B

mg/L

0.45

<0.5

Sulphate as SO4

mg/L

<1

0-9

Iron; total

mg/L

5

<0.1

Manganese; total

mg/L

<0.5

<0.01

Aluminium; total

mg/L

<1

<0.1

Notes:
1.
2.
3.
4.
5.

Design normal plant feed water quality (ex feed pond) for Reedy Creek plant. Operational range of concentration
parameters in rows 4 and below to be assumed variable from -20% to +40% of indicated typical values.
Suspended solids will be predominantly organic material due to the use of lined feed ponds.
The values shown for Reedy Creek WTF treated CSG discharge water have been anticipated based on the
monitoring results obtained from Talinga and Spring Gully WTF and anticipated Reedy Creek WTF performance.
Data not available
Boron in the feed could vary beyond the value shown here.

It can be seen that there is a reduction in the parameters listed (except for sulphate and
boron), with a significant reduction in the concentration of total dissolved salts, particularly
sodium, carbonate, bicarbonate and chloride, as these are the main constituents of the
dissolved salts. There is also a noticeable reduction in silica. These parameters are
removed from the treated CSG water by the RO system which concentrates these
components into the reject stream, known as saline effluent, exiting the RO system. As the
RO system is not able to selectively remove salts, a reduction in calcium and magnesium
salts also occurs. Calcium and magnesium are then added to permeate to condition the
water as necessary prior to discharge to surface water. The concentration of sulphate for the
reported data was influenced by the sulphuric acid dosing being used for pH control, which
occurs after the RO system at Talinga. The addition of sulphate at Talinga is required to
meet the licence discharge range for sulphate and won’t occur unless necessary at Reedy
Creek.
Most solids, including metals such as iron, are anticipated to be at a low to medium
concentration as they enter the WTF. This is because the Feed Pond is designed to oxidise
and settle metals and solids contained in the source water. The concentration of entrained
solids is reduced to very low levels during the disc and membrane filtration prior to the RO
system. Boron, a metalloid, will be reduced by the treatment process.
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4.

Monitoring

4.1

Monitoring overview

This section describes the proposed monitoring program which will be undertaken to monitor
the quality of CSG water for parameters of interest in relation to public health and the
environment. There are four main components to the monitoring of CSG water:





Source water monitoring,
Treated water monitoring,
Saline Effluent monitoring, and
Receiving environment monitoring.

The source water, treated water and saline effluent monitoring is described herein and the
receiving environment monitoring is described in Appendix 4 of the CSG Water
Management Plant (CWMP); Receiving Environment Monitoring Program: Yuleba Creek.
Monitoring will include initial characterisation of the source and treated water, the ongoing
monitoring of treated water, and ongoing characterisation of source water as new production
wells are brought online and commence feed to the RCWTF Feed Pond. Saline effluent will
be initially characterised, with ongoing sampling occurring as the saline effluent
concentrates in the Brine Ponds. This monitoring is described in detail in the following
sections.
4.1.1

Monitoring locations

Source water is intended to be sampled at the Feed Pond, upstream of disinfection,
immediately prior to the intake to the WTF. The exact site selected as the monitoring
location for the source water will occur after due consideration of accessibility, safety, good
reach and sample depth. As discussed, the Feed Pond provides a sound, homogenised
representation of untreated CSG water from the production wells.
Treated Water is intended to be sampled after the water has been treated by the RCWTF.
The exact monitoring point will be contingent on detailed design of the WTF, but will be
downstream of the treatment process and upstream of the final discharge structure.
The flow measurement of water entering Yuleba Creek will be taken from a suitable
location upstream of the discharge structure and a dedicated meter only measuring water
discharged to the river shall be installed.
Saline effluent will be sampled from the Brine Pond(s). A sample will be taken from each
Brine Pond in operation. The exact sampling site selected as the monitoring location(s) for
the saline effluent will occur after due consideration of accessibility, safety, good reach and
sample depth within each operational Brine Pond.
For the receiving environment, monitoring will be conducted upstream and downstream of
the discharge location to ensure baseline data and any changes in aquatic parameters and
the health of the aquatic environment is monitored. Further detail of the locations for
receiving environment monitoring is provided in Appendix 4 of the CWMP.
Figure 4 below provides an overview of the anticipated sampling locations where monitoring
will be conducted for the source water, treated water and receiving environment.
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Figure 4:
Typical development project water management system showing
monitoring locations

4.2

Initial characterisation

Initial characterisation of both the source water and treated water will be conducted to
determine the specific elements/compounds and the concentrations of these found within
the CSG water from the Combabula Development Area. The sampling locations for the
source and treated water will be as described above in section 4.1.1.
During initial characterisation, the source and treated water will be analysed for the following
constituents:







A semi-quantitative ICP-MS screen of the whole periodic table (for a period of four
weeks),
Screening for organics including:
PAHs including methylated and heteroatom analogues,
Phenols, including chlorophenols and nitrophenols,
Petroleum hydrocarbons and heteroatom analogues, and
Parameters of interest for public health and the environment, as listed in Appendix A.

The treated water will additionally be analysed for:



Radiological alpha and beta emitters.
E Coli
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Clostridium perfringens
Somatic coliphages
F-RNA (male-specific) coliphages
Enterococci

It should be noted that microbiological characterisation and the characterisation of
radioisotopes in the source water are not considered to add value to the characterisation.
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. A paper that highlights the work done on microbiological activity in the coal
seam can be found in Attachment 2 of the Talinga Development Source Water and
Permeate Characterisation Report. This Report is contained in Appendix 8 of the CWMP.
Due to the interference of dissolved solids in the source water, accurate analysis of
radiological parameters is not possible. As a substitute, a radiological survey of CSG
operations has already been completed within Australia Pacific LNG project areas for
naturally occurring radioactive material. This survey concluded that the levels of NORM at
the time of assessment were negligible compared to natural background radiation levels.
This survey is contained within Attachment 3 of the Talinga Development Source Water and
Permeate Characterisation Report. This Report is contained in Appendix 8 of the CWMP.
Radiological surveys will be continue to be conducted on newly developed CSG reservoirs
to determine the health risk associated with naturally occurring radioactive material.
4.2.1

Frequency and duration of sampling

The source water and treated water is proposed to be monitored once per week for eight
weeks at the locations specified in section 4.1.1. This monitoring is intended to be
conducted prior to the release of treated water to Yuleba Creek.
4.2.2

Review and reporting

Within two months of completing the initial characterisation and receiving all monitoring
results, the results will be reviewed and submitted to DERM. The report will note the quality
of the water sampled in both locations and will discuss the key constituents and
concentrations of these in both the source and treated water.
The review and analysis of the initial characterisation data will be used as an opportunity to
make recommendations for the refinement of the list of parameters to be analysed during
the ongoing monitoring of treated water. Recommendations will be made so that the refined
list reflects the source water and treatment process at Reedy Creek.
These
recommendations will be presented to DERM for review and approval to proceed with the
rationalised ongoing monitoring.

4.3

Ongoing monitoring

It is intended to monitor treated water prior to release to surface waters on an ongoing basis
for parameters of interest in relation to public health and the environment, to demonstrate
compliance with the EA limits for discharge.
The list of parameters for public health and environmental monitoring of treated water are
contained in Appendix A. As mentioned, it is intended that recommendations will be made
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to refine this list of parameters for ongoing monitoring at Reedy Creek. Upon approval from
the administering authority, it is intended that the refined list of monitoring parameters be
used for ongoing monitoring.
Potential refinements to the monitoring parameters contained in Appendix A would involve
the exclusion of those chemical compounds and elements that:





Are not likely to be introduced by the RCWTF process such as some disinfection
products,
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.

A report on the characterisation of source water and treated water conducted at the Talinga
development provided recommendations for refining the list of parameters to be monitored
at Talinga on an ongoing basis. The refined list of parameters that has been recommended
for Talinga in relation to public health can be seen below in Table 3. It is anticipated that a
similar list, specific to Reedy Creek, be developed and implemented. No change to the list
of environmental monitoring parameters is anticipated to be required.
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Table 3: - Refined list of ongoing monitoring parameters at Talinga WTF for public
health
Chemical Compounds

Acenaphthene

Cadmium

Molybdenum

Acenaphthylene

Chlorine

Monochloramine

Aluminium

Chloroacetic acid (Mono)

Nickel

Ammonia

Chlorobenzene

Nitrate

Anthracene

Chloroform (Trichloromethane)

Nitrite

Antimony

Chromium (as Cr(VI))

N-Nitrosodiethylamine (NDEA)

Arsenic

Copper

N-Nitrosodimethylamine
(NDMA)

Barium

Cyanide

Phenanthrene

Benzene

Dibromoacetic acid

Pyrene

Benzo(a)pyrene

Dibromochloromethane

Selenium

Bisphenol A

Dichloroacetic acid

Silver

Boron

Ethylbenzene

Strontium (Stable)(Total)

Bromate

Fluoride

Sulphate

Bromide

Iodide

Thallium (Stable)(Total)

Bromine

Iodine

Titanium (Total)

Bromochloroacetic acid

Iron

Toluene

Bromochloromethane

Lead

Trichloroacetic acid

Bromodichloromethane

Manganese

Uranium

Bromoform

Mercury

Vanadium
Xylene (Meta, Para, Ortho)

4.3.1

Frequency and duration of sampling

The sampling of treated water for ongoing monitoring is intended to be conducted once per
week during discharge to Yuleba Creek.
4.3.2

Review and reporting

This data will be reviewed on an ongoing basis and reported to the administering authority
as described in section 6. This reporting involves quarterly and annual reporting of results, if
discharge has occurred, as well as notification of exceedences.

4.4

Ongoing characterisation

It is recognised that as the Combabula development progresses, additional production wells
will be brought online and will commence sending CSG water to the Feed Pond. To account
for, document and manage the potential influence the additional CSG water will have on the
existing CSG water supplied to the Feed Pond, ongoing characterisation of CSG water in
the Feed Pond is proposed.
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Ongoing characterisation will be undertaken when the number of new wells suppling water
to the Feed Pond represents a 50 percent increase since the previous characterisation. For
example, if the Initial Characterisation occurs with 100 wells supplying the Feed Pond,
ongoing characterisation will occur when there are 150 wells supplying CSG water to the
Feed Pond. The next characterisation would be anticipated to occur when the number of
wells supplying the Feed Pond reaches 225.
Fifty percent was chosen as the increase in wells needs to be substantial enough so that
any potential variation in water quality would be noticeable given the buffering capacity of
existing supply to the Feed Pond.
The same suite of parameters that were analysed for in the initial source water
characterisation would be analysed during ongoing characterisation. This list can be seen in
section 4.2.
4.4.1

Frequency and duration of sampling

The sampling of CSG in the Feed Pond for ongoing characterisation is intended to be
conducted once per week for four weeks.
4.4.2

Review and reporting

Within two months of completing the ongoing characterisation and receiving all monitoring
results, the results will be analysed and compared to the previous characterisation, with any
significant differences noted and reported to the administering authority. If the results have
implications for the ongoing monitoring program, recommendations will be made in the
report and implemented upon agreement with the administering authority.

4.5

Saline effluent monitoring

It is intended to monitor the saline effluent contained in the brine ponds on an ongoing basis,
for the purpose of documenting the concentration of the components contained in the saline
effluent.
The saline effluent will be analysed for the suite of parameters listed for source water in
section 4.2.
4.5.1

Frequency and duration of sampling

Saline effluent will be sampled following the first three months of WTF operation, allowing for
the initial accumulation of saline effluent to occur. Following the initial three-month period,
saline effluent is intended to be monitored annually during WTF operation, to maintain a
record of the concentration of components found within saline effluent as the effluent
undergoes concentration in the Brine Ponds.
4.5.2

Review and reporting

The results from each sample will be analysed and compared to the previous
characterisation, with significant differences noted and reported to the administering
authority as part of the annual monitoring report.
It is expected that the characterisation
will show an increase in the concentration of the components found within the saline effluent
over time.
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4.6

Proposed sampling methodology

4.6.1

Methodology for monitoring of ponds

Samples are intended to be collected from the ponds at a point which offers the most
practical access with regard to safety, accessibility and sampling depth.
Samples will be taken using a one litre container on the end of a pole, approximately 1.5
metres long. The sample container will be 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 will be turned 180 degrees back to an upright position
to collect the sample. The sample will then be brought to the surface and transferred to a
plastic bucket. To avoid sample contamination, the bucket will be rinsed three times before
filling.
Prior to filling, sample bottles will be lined up on the back of the operator’s utility vehicle and
filled in turn by pouring the sample from the plastic bucket. Extra care will be taken for the
volatile samples to ensure that the bottles are filled with zero headspace.
Any preservatives required were added to the sample bottle prior to the sample being
introduced. Volatile sample bottles will be placed in an insulated container with ice bricks to
preserve the sample integrity during transport and delivery to the laboratory.
4.6.2

Methodology for monitoring of RCWTF treated water

Monitoring of RCWTF treated water will likely occur at the Export Tank close to the point
from which the discharge water will be drawn. The exact monitoring point will be contingent
on detailed design of the RCWTF. Samples will be taken from a continuously flowing line.
4.6.3

Quality assurance

Trip blanks and field blanks will be used to provide quality assurance that the samples have
not been contaminated during the sampling and transportation process.
4.6.4

Sample bottles

Care will be taken to ensure that sample bottles are appropriate for the nature of the sample
being collected, as well as the type of analysis to be performed. This will be undertaken in
consultation with the certified laboratory undertaking the analysis. To ensure containers are
clean and contaminant free, they will be washed and maintained by the certified laboratory
as necessary.
Table 4 below summarises the details for sample bottles anticipated to be used during the
sample program for the various tests undertaken.
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Table 4 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

4 x 1L

Amber glass

Solvent

-

TPH, PAH, Phenols, EDCs

2 x 40mL

Amber vial

Detergent
Water

Sodium Bisulphite

VOC/BTEX/C6-C9

5 x 250mL

PET

Sterile

25mg
Thiosulphate

Micro organisms

500mL

HDPE

Acid

-
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5.

Operational Discharge Water Quality Control

The results from the monitoring of treated water will be reviewed regularly for early
identification of trends in the monitoring results. Any observations of significant changes or
trends in levels of a contaminant that may indicate a potential deterioration in water quality
will be investigated and closely monitored to assist in the prevention of a release of
contaminants outside of the specified limits.
As previously discussed in section3, CSG water will be treated through a purpose built
treatment facility that has been designed specifically to remove contaminants of concern.
RCWTF will be operated and maintained to rigorous standards to ensure the safe, efficient
and reliable removal of contaminants.
In addition to the rigorous characterisation and monitoring regime indicated herein, as
discussed, online monitoring is intended to occur at the plant to provide real-time indication
of water quality.
It is anticipated that the RCWTF will have online monitoring of certain parameters. It is
anticipated that if the online indication of the following parameters is out of range, the
discharge pipeline to river will be isolated and the treated water to be recycled to the WTF
Feed Pond as follows:







pH (high and low);
Conductivity (high);
Temperature (high and low);
Total chlorine (high);
Dissolved oxygen (low); and
Ammonia (high).

These controls will assist in maintaining the discharge to river within the required limits.
Of particular note is conductivity. This will increase with dissolved solids content. Online
monitoring of conductivity will provide indication of discharge quality and plant performance
and provide immediate indication of potential issues with dissolved contaminants.
Conductivity can be used as an early indicator to check for increased elevations of
contaminants, triggering a detailed analysis of the monitoring results.
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6.

Notifications and Reporting

The proposed notifications described in this section are provided to illustrate the
communication that will be conducted by Australia Pacific LNG to inform the administering
authority if limits set out in the governing EA are exceeded in relation to CSG water
discharge. Australia Pacific LNG will also undertake to inform the administering authority of
additional identified risks in relation to CSG water discharge and public health. An incident
and emergency response plan will also be developed, and notifications will be undertaken
as part of that plan.
The proposed reporting described in this section is intended to provide the administering
authority with the results and evaluation of the monitoring conducted over the indicated
reporting timeframes.

6.1

Notifications

There are several circumstances under which notifications are anticipated to be undertaken:






Exceedence of environmental limits or flow regime,
Exceedence of limits relating to public health,
Notification of additional risk to public health,
Notification of events likely to adversely affect public health, and
Notifications required under the Incident and Emergency Response Plan.

A three-tiered approach to the notification of exceedences is proposed. This approach will
involve initial notification, reporting and investigation. Details of each of the proposed
notifications are contained in the following sections.
6.1.1

Exceedeance of environmental limits or flow regime

If the release limits specified in the EA or the approved flow regime are exceeded, it is
proposed that the administering authority be notified within 5 days of Australia Pacific LNG
receiving the monitoring results.
Within 28 days of receiving the monitoring results for a release that exceeds the EA
specified limits, Australia Pacific LNG will provide a report to DERM which details:









The reason for the release,
The location of the release,
Water quality monitoring results taken during the release,
Any general observations,
Calculations performed in relation to the release,
Corrective actions taken to rectify the cause of the exceedence,
Measures taken to prevent a repeat of the exceedence taking place, and
Any other matters pertinent to the water release event.

It is proposed by the submission of the next annual monitoring report (see section 6.2.3) an
investigation (in accordance with the ANZECC and ARMCANZ 2000 methodology) into the
potential for environmental harm will be conducted and a written report will be provided to
the administering authority which provides:


Details of the investigations carried out; and
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6.1.2

Actions taken to prevent and/or minimise environmental harm.
Exceedence of limits relating to public health

If the release limits specified in the EA in relation to public health are exceeded, it is
proposed that the OWSR be notified immediately on the Drinking Water Hot Line (1300 596
709) of Australia Pacific LNG receiving the monitoring results. The Drinking Water Service
Provider responsible for the provision of water supply to the town of Surat will also be
notified immediately if such an exceedence occurs.
Within five business days of the OWSR being notified of the exceedence, it is proposed an
interim report be submitted to the OWSR. The interim report will contain the circumstances
that gave rise to the non-compliance and any corrective actions taken.
Upon resolution of the incident, which includes an investigation and root cause analysis,
Australia Pacific LNG will submit to OWSR a report detailing the:








6.1.3

Location of the release,
Reason for the exceedence,
All water quality monitoring results pertaining to the investigation,
Any general observations,
Calculations pertaining to the release and investigation,
Corrective actions taken to rectify the cause of the exceedence, and
Measures taken to prevent a repeat of the exceedence taking place, and
Any other matters pertinent to the incident.
Additional risk to public health

If Australia Pacific LNG identifies the occurrence of additional risk to public health (eg
cyanobacterial blooms) the OWSR will be contacted immediately on the Drinking Water Hot
Line (1300 596 709). The Drinking Water Service Provider responsible for the provision of
water supply to the town of Surat will also be contacted immediately.
Australia Pacific LNG will undertake a risk assessment to determine and define what
reasonably constitutes additional risk to public health that would require Australia Pacific
LNG to contact the OWSR. This risk assessment will be conducted within eight months of
commencing discharge from RCWTF and the results of the risk assessment will be
submitted to the OWSR for.
Australia Pacific LNG may undertake additional testing of the town of Surat’s source water
depending on the cause of the identified risk, particularly if the cause of the risk can be
attributed to the discharge of treated CSG water from the RCWTF. If such testing occurs, it
will be for the parameter(s) identified as posing the health risk and is anticipated to continue
until such time as the identified risk is no longer present.
6.1.4

Event(s) likely to adversely affect public health

Australia Pacific LNG will notify the OWSR on the Drinking Water Hotline (1300 596 709) as
soon as practical, of any event or series of events that is likely to adversely affect the quality
of drinking water for the town of Surat (even when this is prior to confirmation with laboratory
results).

commercial-in-confidence

Q-1805-15-PS-0002

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

25

Coal Seam Gas Water Quality Monitoring Program:
Reedy Creek Water Treatment Facility
Examples of such an event might include:




Natural disasters, e.g. a flood flushing untreated water into the receiving
environment;
Process failures where normal operational or mitigation procedures are (or may be)
unable to effectively manage the risk;
Any issue that triggers a Drinking Water Service Provider incident or emergency
management plan response and may affect public health.

Australia Pacific LNG will undertake a risk assessment to determine and define possible
events or series of events that are likely to adversely affect public health in relation to its
water management operations at Reedy Creek. The risk assessment will define the events
for which Australia Pacific LNG could reasonably be expected to notify the OWSR. This risk
assessment will be conducted within eight months of commencing discharge from RCWTF.
The results of this risk assessment will be submitted to the OWSR.
6.1.5

Incident and emergency response plan

In addition to the notifications proposed in this section, it is proposed that the Drinking Water
Service Provider will also be contacted as required by the Incident and Emergency
Response Plan, once developed for RCWTF, for the incidents that occur within that scope.
Refer to the plan (Appendix B) for details of the communications that will be carried out for
the discharge of treated CSG water from the Talinga WTF.

6.2

Reporting

All monitoring data collected as part of this program will be reported to the administering
authority as described in this section. It is proposed that reporting of ongoing monitoring be
undertaken quarterly and annually when discharge has occurred, to provide information on
the quality and quantity of CSG water released. For the initial and ongoing characterisation,
it is proposed that event based reporting occur, that is, after completion of the
characterisation testing a report containing the results of the characterisation be submitted
to the administering authority.
6.2.1

Initial characterisation and ongoing characterisation reports

Within two months of receiving all results for the initial characterisation, the results will be
reviewed and submitted to the OWSR. The report will note the quality of the water sampled
in both locations and will discuss the key constituents and concentrations in both the source
and treated water.
The review and analysis of the initial characterisation data will be used as an opportunity to
make recommendations for the refinement of the list of parameters analysed during the
ongoing monitoring of treated water. The recommendations will be implemented upon
approval from the administering authority.
Within two months of receiving all results for an ongoing characterisation event, the results
will be analysed and compared to the previous characterisation, with any significant
differences noted and reported to the administering authority. If the results have
implications for the ongoing monitoring program, recommendations will be made in the
report and implemented upon agreement with the administering authority.
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6.2.2

Quarterly monitoring reports

From the commencement date of the first discharge of treated CSG water into Yuleba Creek
from the RCWTF, it is intended that quarterly monitoring reports be submitted to OWSR,
where discharge occurred in that quarter. These reports will contain:



The results from the ongoing monitoring of treated water from that quarter and a
statistical analysis of the water quality data including maximum and minimum
concentrations, mean, medium and the standard deviation over time, and
A summary of any non-compliance relating to the discharged water in that quarter in
accordance with the approved contaminant release limits or flow regime.

All determinations of treated CSG water quality and evaluation/explanation of data for the
purposes of the quarterly monitoring report will be performed by a person or body
possessing appropriate experience and qualifications to perform the required
determinations.
6.2.3

Annual monitoring report

An annual monitoring report is intended to be prepared and presented upon request to the
administering authority. The report will include:






A summary of the previous twelve (12) months ongoing monitoring results if
discharge occurred, and a comparison of these results to both the limits set out in the
EA and any relevant prior results,
The results of the saline effluent testing conducted that year, including a comparison
to the previous year’s results
An evaluation/explanation of the data from this monitoring program,
A summary of any record of quantities of releases,
An outline of actions taken or proposed to minimise the environmental risk from any
deficiency identified by this monitoring program.

All determinations of treated CSG water quality and evaluation/explanation of data for the
purposes of the annual monitoring report will be performed by a person or body possessing
appropriate experience and qualifications to perform the required determinations.

7.

Records

All monitoring results are intended to be kept for a minimum of five (5) years and will be
made available to the administering authority if requested. The monitoring results relating to
rehabilitation are intended to be kept until the relevant petroleum tenure is surrendered.
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8.

Review of Monitoring Program

This monitoring program forms an important part of the overarching CSG water
management philosophy of continuous improvement that has been adopted for the Australia
Pacific LNG project.
The continuous improvement cycle (Figure 5 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.

Figure 5: - CSG water management continuous improvement cycle
The monitoring program described herein, will also be subject to the same continuous
improvement cycle as the overarching management philosophy. Evaluation and review of
this monitoring program will be undertaken at regular intervals, and also after specific
events, as described below. Changes to this monitoring program will be implemented
following approval of the changes by the administering authority.
During each review, the following items/perspectives may be considered and incorporated,
as necessary into recommendations for changes to this monitoring program:





Monitoring parameters, monitoring frequency, monitoring location,
Stakeholder perspectives, such that the monitoring program will incorporate
feedback from groups, including the public and government,
New knowledge as it develops in relation to CSG water quality and CSG water
management, and
Changes in regulation governing CSG water.

8.1

Review following specific events

8.1.1

Initial characterisation

This program will undergo an evaluation following the initial characterisation. The initial
characterisation period will provide the opportunity to review and make recommendations to
refine the ongoing monitoring parameters to those specifically relevant to the CSG water in
the Combabula development area and the specific treatment process used at Reedy Creek.
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8.1.2

Ongoing characterisation

A review will also be conducted as part of the ongoing characterisation of source water that
occurs when a substantial number of new wells commence sending water to the Feed Pond.
The ongoing monitoring parameters will be reviewed relative to the quality of the CSG water
from the new area within the tenement.
8.1.3

Eco-toxicology risk assessment

An eco-toxicology risk assessment will be performed in relation to the discharge of treated
CSG water to surface water, as part of the Receiving Environment Monitoring Program
(REMP): Yuleba Creek (Appendix 4, CWMP). Once completed, the results of the risk
assessment will be considered during a review of this monitoring program, and if necessary,
recommendations for changes to this monitoring program will be provided to the
administering authority for approval.

8.2

Annual review

Ongoing review of the monitoring program will be conducted every 12 months so that
refinements to the program can be made based on the results of ongoing monitoring. For
example, if a parameter is consistently below detection limits, it is anticipated a
recommendation would be made to remove that parameter from the list of analytes, or
reduce the monitoring frequency of that parameter.
As mentioned, the annual review, as well as all other reviews, will provide the opportunity to
incorporate developments in CSG water quality knowledge, stakeholder perspectives and
regulation changes.
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Appendix A - Monitoring
Parameters
of
Environment and Public Health

Interest

for

the

Monitoring parameters of interest for the environment and public health are listed in Table 5
and Table 6.
Table 5: - Environmental monitoring parameters*
Physiochemical Parameters
Electrical conductivity (µS/cm)
pH (pH Unit)
Dissolved oxygen (mg/L)
Temperature (°C)
Suspended Solids (mg/L)
Chloride (mg/L)
Sulphate (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Hardness (mg/L)
Alkalinity (mg/L)
SAR (mg/L)
*Parameters listed in this table are extracted from Schedule C- Table 2 of Talinga EA.
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Table 6: - Public health monitoring parameters*
Disinfection by-products

Other Parameters of Interest

1, 1 Dichloroethene

4-Methylphenol

1, 2 Dichlorobenzene

4-Nitrophenol

1, 2 Dichloroethane

4-Nonylphenol

1, 2 Dichloroethene (Trans and Cis)

Acenaphthene

1, 4 Dichlorobenzene

Acenaphthylene

2, 2 Dichloropropionic Acid (DPA)

Acrylamide (2-propenamide)

2,4,5-Trichlorophenol

Aluminium

2,4,6-Trichlorophenol

Ammonia

2,4-Dichlorophenol

Anthracene

2-Chlorophenol

Antimony

4-Chlorophenol

Arsenic

Bromochloroacetic acid

Barium

Bromochloroacetonitrile

Benzene

Bromochloromethane

Benzo(a)pyrene

Bromodichloromethane

Bisphenol A

Bromoform

Boron

Chlorine dioxide

Bromate

Chlorite

Bromide

Chloroacetic acid (Mono)

Bromine

Chlorobenzene

Cadmium

Chloroform (Trichloromethane)

Chlorate

Dibromoacetic acid

Chromium (as Cr(VI))

Dibromochloromethane

Copper

Dichloroacetic acid

Cyanide

Dichloroacetonitrile

Ethylbenzene

Monochloramine

Fluoride

N-Nitrosodiethylamine (NDEA)

Hydrazine

N-Nitrosodimethylamine (NDMA)

Iodide

Trichloroacetic acid

Iodine
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Nitrate
Nitrite
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Phenanthrene
Phenol
Pyrene
Selenium
Silver
Strontium (Stable)(Total)
Sulphate
Thallium (Stable)(Total)
Titanium (Total)
Toluene
Total Petroleum Hydrocarbons (reported as
separate fractions)
Uranium
Vanadium
Xylene (Meta, Para, Ortho)
Zinc
*Parameters listed in this table are extracted from Schedule C- Table 3 of Talinga EA.
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Talinga Water Treatment Facility
Public Health Risk - Incident and Emergency Response Plan

Introduction
This Incident and Emergency Response Plan (IERP) is designed to provide direction and guidance for the
Site Emergency Response Team Leader (Site ERT Leader) and site Emergency Response Team (ERT) to
respond effectively to site level incidents and emergencies and return the site to normal operations.
Further support is provided to our Operational Sites through the Emergency Response Framework (see
Figure 1), specifically, the Group Emergency Management Plan (GEMP) and our Crisis Management Plan
(CMP).

IERP Activation & Escalation
When a site level incident or emergency occurs, the Site ERT Leader in conjunction with the CSG Water
Manager will assess whether this IERP should be activated and, if activated, escalate where appropriate
to internal and external parties (see Table 1). This IERP provides guidance to help the site activate and
appropriately escalate the site level incident or emergency response and to safely return the site to
normal operations.

Escalate

First Response

Activate

Table 1: Activation & Escalation Checklist

Do

Check

Assess the incident or emergency on conjunction with the CSG Water Manager and
determine whether this IERP should be implemented. Determine appropriate level of
escalation.



Confirm Site ERT roles and responsibilities.
Initiate Basic Response
 PEOPLE BEFORE PLANT
 KNOW YOUR CAPABILITIES
 APPLY PRUDENCE OVER REACTION



Contact the Office of the Water Supply Regulator (DERM) and Western Downs
Regional Council and provide the following information as appropriate:
 Current situation (Nature and location of incident or emergency)
 Location of safe entry to site
 Active/Isolated energy sources
 Site hazards/hazardous areas
 Quantity/Location of Dangerous Goods/Hazardous Substances
 Contact information (fixed or mobile in case further information is required)



Contact Emergency Services (if required) and provide details as above.



Contact Group Emergency Management Team (GEMT) Leader; provide following
information:
 Current situation (What has happened; What has been done so far; Are
further resources required)
 Potential escalation of emergency
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Important Information
Table 2: Location Specific Data
LOCATION SPECIFIC DATA
Site Name

Talinga Water Treatment Facility – Walloons

Site Address

4940 Kogan-Condamine Road, Chinchilla, Queensland, 4413

Site Grid Reference

56J 0236345 – 7023582

Core Site Business
(wind/LPG/power/gas)

CSG Production

Site Manager Contact Details

Paul Koehler
Mike Kelly
Office

Primary Site Telephone No.

07 4558 2102

Site Emergency Telephone No.

07 4558 2190

Fax No.

07 4558 2191

Site Internal Emergency Radio Channel

Channel 3

Site Location and Accessibility
Relevant to Local Community

0488 764 332
0428 642 334
07 4558 2102

Item

Details

Nearest Town

Chinchilla, 35km

Nearest Major Road

Kogan-Condamine Road, 500m

Nearest Airport

Chinchilla, 30km

Table 3: Critical Contact Information
INTERNAL
Role

Primary

Alternate

GEMT Leader

General Manager Qld CSG
Martin Riley
07 3858 0613
0417 762 767

Executive General Manager Upstream
Oil and Gas
Paul Zealand
07 3858 0681
0428 729 009

Site ERT Leader

Talinga Site Superintendent
Michael Kelly
07 4558 2102 or 0428 642 334
Paul Koehler
07 4558 2102 or 0488 764 332

APLNG & CSG Water Manager (Qld)
Neal Smith
0400 717 187

EXTERNAL
Organisation

Contact

Position

Telephone

Office of the Water Supply
Regulator

Drinking Water Hotline

Western Downs Regional
Council (WDRC)

Business Hours Contact

WDRC Utilities Office
Max Henderson/ Terry Fagg

0428 761 228

24 hour On Call
Emergency Number

Miles Operator

07 4669 9000

1300 596 709
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Table 4: Equipment Hire and Contractors
WATER SUPPLY AND CARTAGE
Company

Telephone Number

Equipment

Waroo Water Services

0427 265 602
0428 265 602

2 x 29,000L with pump
50m hose with 3 inch camlock

Morvell’s Transport
T&W Earthmoving

07 4622 2355
0427 274 510 (Wayne Collie)
0429 234 128 (Tim Collie)

1 x 29,000L with pump
50m hose with 3 inch camlock
2 x 29,000L with pump
50m hose with 3 inch camlock
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Figure 1: Generic Site Emergency Escalation Framework
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CATASTROPHC

CRITICAL
CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Significant exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
Significant long term illness to multiple community members.
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
Significant long term disruption to drinking water supply.
CONSUMER CONFIDENCE
National media attention for >2 days. Significant public outcry.

Escalate

GROUP EMERGENCY MANAGEMENT PLAN

MAJOR
CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Significant exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
Significant but temporary illness to multiple community members.
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
Significant but temporary disruption to drinking water supply.
CONSUMER CONFIDENCE
National media attention for 1 day. Community outcry.

SERIOUS
CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Significant exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
Minor temporary illness requiring medical attention to one or more persons.
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
Minor short term disruption to drinking water supply with no long term impacts.
CONSUMER CONFIDENCE
Heightened community concern attracting local/ state media attention.

Escalate

MODERATE

MINOR
CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Any exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
None.
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
None.
CONSUMER CONFIDENCE
No community involvement.

SITE EMERGENCY RESPONSE PLAN

CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Significant exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
No identified health impacts.
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
None.
CONSUMER CONFIDENCE
Concerns raised by local community.

Figure 2: Public Health Risk Incident and Emergency Response Escalation Framework
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CRISIS MANAGEMENT PLAN

CSG FINAL WATER QUALITY LIMIT EXCEEDANCE
Significant exceedance of CSG final water quality limits.
PUBLIC HEALTH IMPACT
Fatality or serious irreversible disability to one or more persons
DISRUPTION TO CONDAMINE DRINKING WATER SUPPLY
Permanent shut down of drinking water supply
CONSUMER CONFIDENCE
National media attention with political involvement. Complete loss of consumer confidence.
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2.

General Information

2.1

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:
•
•
•
•
•
•

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.

2.3

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

SERIOUS 3

MAJOR 4

CRITICAL 5 CATASTROPHIC 6

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
of CSG final water
quality limits.

Significant but
temporary illness
to multiple
community
members.

Significant but temporary
disruption to drinking
water supply.

National media
attention for 1
day. Community
outcry.

Significant exceedance
of CSG final water
quality limits.

Minor temporary
illness requiring
medical attention
to one or more
persons.

Minor short term
disruption to drinking
water supply with no long
term impacts.

Heightened
community
concern
attracting
local/state media
attention.
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Disruption to Condamine
drinking water supply

Consumer
confidence

MODERATE 2

Public Health
Impact

Significant exceedance
of CSG final water
quality limits.

No identified
health impacts.

None.

Concerns raised
by local
community.

MINOR 1

CSG final water quality
limit exceedance

Any exceedance of CSG
final water quality
limits.

None.

None.

No community
involvement.

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:
•

telephone and personnel details every 6 months;

•

documented procedures every year;

•

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

•

following routine testing of the plan;

•

after an actual incident or emergency; or

•

before installing and commissioning new plant and equipment.

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

lessons learned from an incident or emergency;

•

changes in legal requirements;

•

improvements to effectiveness in terms of response strategy, management and communication;

•

developments in the latest techniques and technology in handling an emergency;

•

changes to, or movement of people within our organisation;

•

changes to contact numbers of internal and external organisations; and

•

revisions to existing, or availability of, emergency management tools and equipment and
resource suppliers and contractors.
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3.

Roles and Responsibilities

3.1

General Responsibilities

All personnel on site will:
•

Immediately report an actual or potential incident or emergency;

•

Follow directions of the Site ERT leader; and

•

Be aware of the site emergency procedures and muster point.

Table 8: Roles and Responsibilities
ROLES AND RESPONSIBILITIES

First Responder

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).

Site ERT Leader
(Site Superintendant
or APLNG & CSG
Water Manager)

Assess the incident and determine if the IERP is to be activated;
Notify the Department of Environment and Resource Management Office
of the Water Supply Regulator and the Western Downs Regional Council,
if required;
Liaise with Site Superintendent/ Water Manager/ GEMT leader;
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 Emergency Management Team

Group Emergency Management Plan

CSG Business Incident Management Team

Group Emergency Management Plan

Site Emergency Response Team

Incident and Emergency Response Plans

Site Incident or Emergency

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

As above

As above plus Emergency
Services of required

As above plus commence
additional sampling from
discharge point and/or
Condamine River

As above

As above

As above plus
CSG Incident Management
Team

As above

As above plus commence
water sampling at
Condamine Weir

As above

Initiate community
consultation in conjunction
with WDRC

As above

As above plus commence
water sampling of
Condamine water supply

As above

SEVERE

As above plus
Group Emergency
Management Team

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

EXTREME

As above plus Crisis
Management Team

As above

As above

As above

Activate Crisis Management
Plan

LOW

MEDIUM

HIGH
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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:
•
•
•

Changes in coal seam water quality;
Contamination of feed water ponds as a result of natural processes (ie algae growth); and
Intentional contamination of feed water (ie Sabotage).
CONTAMINATION OF FEED WATER WITH THE POTENTIAL TO AFFECT CSG FINAL WATER QUALITY
First Responder
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial Response LOW
• Stop discharge to Condamine River/ WTF recirculation mode until further
notice
Internal
• Site Superintendent
Notification
• CSG Water Manager
External
• External notification required in initial response
Notification
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
Monitoring
• Review available date
• Contact lab and expedite results of most recent sampling event
Reporting
• Interim report to OWSR within 24 hours
• Complete incident report to OWSR on resolution of incident/ emergency
• Event to be logged in OSIS within 48 hours
Escalation
• Magnitude of exceedance
Triggers
• Exceeding contaminant
Additional
Response

MEDIUM

HIGH

SEVERE

EXTREME

Contact Emergency Services (if required)
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:
•
•
•

Membrane Filtration;
Reverse Osmosis; and
Chemical dosing systems.

TREATMENT PROCESS FAILURE RESULTING IN EXCEEDANCE OF CSG FINAL WATER QUALITY LIMITS
First Responder
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial
MEDIUM
Response
• Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal
• Site Superintendent
Notification • CSG Water Manager
External
• External notification required in initial response
Notification
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
• Contact Emergency services if required
Monitoring
• Review available date
• Contact lab and expedite results of most recent sampling event
• Commence additional sampling from discharge point and/or Condamine River
Reporting
• Interim report to OWSR within 24 hours
• Complete incident report to OWSR on resolution of incident/ emergency
• Event to be logged in OSIS within 48 hours
Escalation
• Magnitude of exceedance
• Exceeding contaminant
Triggers
• Type and scale of failure
Additional
Response

HIGH

SEVERE

EXTREME

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

Page 14 of 20

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

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
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial
MEDIUM
Response
• Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal
• Site Superintendent
Notification • CSG Water Manager
External
• External notification required in initial response
Notification
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
• Contact Emergency services if required
Monitoring
• Review available date
• Contact lab and expedite results of most recent sampling event
• Commence additional sampling from discharge point and/or Condamine River
Reporting
• Interim report to OWSR within 24 hours
• Complete incident report to OWSR on resolution of incident/ emergency
• Event to be logged in OSIS within 48 hours
Escalation
• Magnitude of exceedance
Triggers
• Exceeding contaminant
Additional
Response

HIGH

SEVERE

EXTREME

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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7.

System failure resulting in loss of containment

A system failure resulting in a loss of containment could be initiated as a result of:
•
•
•
•

Failure of construction material and/or methods;
Impact/ collision with equipment;
Intentional damage (ie Sabotage/ Vandalism); and
Natural disaster.
SYSTEM FAILURE RESULTING IN LOSS OF CONTAINMENT
First Responder
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial
MEDIUM
Response
• Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal
• Site Superintendent
Notification • CSG Water Manager
External
• External notification required in initial response
Notification
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
• Contact Emergency services if required
Monitoring
• Review available date
• Contact lab and expedite results of most recent sampling event
• Commence additional sampling from discharge point and/or Condamine River
Reporting
• Interim report to OWSR within 24 hours
• Complete incident report to OWSR on resolution of incident/ emergency
• Event to be logged in OSIS within 48 hours
Escalation
• Magnitude of event
• Location of discharge
Triggers
• Exceeding contaminant
Additional
Response

HIGH

SEVERE

EXTREME

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:
•
•
•
•
•

Electrical/ control failure;
Operator error;
Process adjustments;
Intentional damage (ie Sabotage/ Vandalism); and
Natural disaster.
OPERATIONAL FAILURE RESULTING IN LOSS OF CONTAINMENT
First Responder
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial
MEDIUM
Response
• Stop discharge to Condamine River/ WTF recirculation mode until further notice
Internal
• Site Superintendent
Notification • CSG Water Manager
External
• External notification required in initial response
Notification
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
• Contact Emergency services if required
Monitoring
• Review available date
• Contact lab and expedite results of most recent sampling event
• Commence additional sampling from discharge point and/or Condamine River
Reporting
• Interim report to OWSR within 24 hours
• Complete incident report to OWSR on resolution of incident/ emergency
• Event to be logged in OSIS within 48 hours
Escalation
• Magnitude of event
Triggers
• Exceeding contaminant
Additional
Response

HIGH

SEVERE

EXTREME

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

Page 17 of 20

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

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:
•
•
•

The type of pond (ie holding pond or effluent brine pond);
Type of failure (ie leaking liner or pond wall failure);
Cause (ie Sabotage/ Vandalism, natural disaster, failure of construction materials/ methods).
POND FAILURE LEADING TO LOSS OF CONTAINMENT
First Responder
• 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);
• Provide First Aid to any injured persons, as required and if qualified to do so; and Muster (if
required)
Site ERT Leader
• Assess the incident and determine if the IERP is to be activated;
• Notify the Department of Environment and Resource Management Office of the Water Supply
Regulator and the Western Downs Regional Council, if required;
• Liaise with Site Superintendent/ Water Manager/ GEMT leader as appropriate;
• Provide guidance on response method; and
• Direct Site ERT Members in the response relevant to the scenario.
Response Plan
Initial
HIGH
Response
Internal
Notification
External
Notification

Monitoring

Reporting

Escalation
Triggers
Additional
Response

•
•
•

•
•
•
•
•
•
•
•

Site Superintendent
CSG Water Manager
External notification required in initial response
- Office of the Water Supply Regulator (DERM)
- Western Downs Regional Council
Contact Emergency services if required
Review available date
Contact lab and expedite results of most recent sampling event
Commence additional sampling from discharge point and/or Condamine River
Interim report to OWSR within 24 hours
Complete incident report to OWSR on resolution of incident/ emergency
Event to be logged in OSIS within 48 hours
Magnitude of event
• Dry or wet weather failure

•

Type of pond (ie holding pond/
• Type of failure (ie leak in pond
effluent brine pond)
liner or failure of pond wall)
HIGH
Contact CSG Incident Management Team
Commence sampling at Condamine Weir
Initiate community consultation in conjunction with WDRC
SEVERE
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
EXTREME
Contact Crisis Management Team

Page 18 of 20

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

10.
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Table 10: Reference Documents
DOCUMENT TITLE
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Emergency Response Plan – Talinga Operations

OEUP-Q2600-PLN-SAF-002 Rev 2.0

Production & Operations Safety Management Plan – Talinga
Development

OEUP-Q2600-PLN-SAF-001 Rev 4.0
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11.

Definitions

TERM

DEFINITION

AC

Alternative Current

ATC

Alcohol Type Concentrate

CMP

Crisis Management Plan

CMT

Crisis Management Team

CO2

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

Ml

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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1.

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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2.

Abbreviations, Acronyms & Definitions
Abbreviation / Acronym

Definition

µg

Microgram(s)

µm

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

TJ

Terajoules

TPH

Total Petroleum Hydrocarbons

TWTF

Talinga Water Treatment Facility

UV

Ultraviolet Spectra

VOC

Volatile Organic Compound(s)

WAC

Weak Acid Cationic ion exchange

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

Australia Pacific LNG ABN 68 001 646 331 • Level 3, 135 Coronation Drive Milton QLD 4064
GPO Box 148, Brisbane QLD 4001 • Telephone 07 3858 0600 • Facsimile 07 3369 7840 • originenergy.com.au
Page 6 of 36

Talinga Development Source Water and Permeate Characterisation Report

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

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).
F
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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.

3.1. 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.

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

4.2. 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

4.3. 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:

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

Australia Pacific LNG ABN 68 001 646 331 • Level 3, 135 Coronation Drive Milton QLD 4064
GPO Box 148, Brisbane QLD 4001 • Telephone 07 3858 0600 • Facsimile 07 3369 7840 • originenergy.com.au
Page 9 of 36

Talinga Development Source Water and Permeate Characterisation Report

•
•
•

Addition of membrane Filtered Water to adjust alkalinity to ensure final water pH will remain
stable after discharge;
pH adjustment with dilute sodium hydroxide or hydrochloric acid; and
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.

4.4. 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

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.
4.4.1.

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).

4.4.2.

Filtered Water Conditioning
Raw water is screened to 400μm 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:
•

•

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
Flow through the Filtered Water conditioning line control valve is hydraulically limited by
design (approximately 30 m3/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.
4.4.3.

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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•
•
•
•
•
•
4.4.4.

pH (high and low);
Conductivity (high);
Temperature (high and low);
Total chlorine (high);
Dissolved oxygen (low); and
Ammonia (high).

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. 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.

5.2. 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:
(a)

(b)

(c)
(d)

e)

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);
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);
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
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.

5.3. Sampling Methodology and Analysis
5.3.1.

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.
5.3.2.

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

provide a clear understanding of how the TWTF Feed Pond acts as a buffer for source water
quality; and
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.
5.3.3.

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.

5.3.4.

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.

5.3.5.

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

4 x 1L

Amber glass

Solvent

-

TPH, PAH, Phenols, EDCs

2 x 40mL

Amber vial

Detergent + RO
Water

Sodium Bisulphite

VOC/BTEX/C6-C9

5 x 250mL

PET

Sterile

25mg Sodium
Thiosulphate

Micro organisms

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 /
Element

Talinga EA
Permeate Limit
(µg/L)

Maximum Result Recorded (µg/L)
Well

Pond

TWTF Permeate

Aluminium

200

8971

1467

<5

Barium

700

981

688

24

Iodine

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 µg/L (10 ng/L) in two out of three samples analysed. NDMA is a byproduct of the chloramination process. NDMA levels will be monitored throughout the TWTF process.
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6.2. Well Water Characterisation
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
(µg/L)

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

Bromine

959

Cadmium

0.5

Chlorate

<50

Chromium (as Cr(VI))

1.1

Copper

9

Cyanide

<10

Ethylbenzene
Fluoride
Iodine

98%

<2
4140
55

Iron

1324

Lead

2.8

Manganese

21.1

Mercury

<0.1

Molybdenum

0.3

Nickel

2.7

Nitrate

5000

Phenanthrene

<0.01

Phenol

<0.3

Pyrene

<0.01

Radiological Compounds

% of Data below Detection
Limits

Refer to Attachment 3.
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Chemical Compounds

Mean Value
(µg/L)

Selenium

0.4

Silver

0.2

Strontium (Stable)(Total)

% of Data below Detection
Limits

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
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6.3. 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
(µg/L)

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

Bromine

889

Cadmium
Chlorate
Chromium (as Cr(VI))
Copper
Cyanide

% of Data below Detection
Limits

100%

0.1
<500
0.6
1.25
<10

Ethylbenzene

<2.0

Fluoride

4300

Iodine

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
Refer Attachment 3.

Radiological Compounds
Selenium

0.4

Silver

<0.1
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Chemical Compounds

Mean Value
(µg/L)

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

% of Data below Detection
Limits

<0.1

Vanadium

1.2

Xylene (Meta, Para, Ortho)

<6.0

Zinc

8.6
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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

Mean Value
(µg/L)

% of Data that
meets Talinga
EA Permeate
Limit

30

<5.0

100%

1500

<5.0

100%

1, 2 Dichloroethane

3

<5.0

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%

0.014

<1.0

100%

Aluminium

200

4.8

100%

Ammonia

500

<1000

100%

Anthracene

150

<1.0

100%

Antimony

3

<0.1

100%

Arsenic

7

<0.1

100%

Barium

700

21.4

100%

1

<0.5

100%

Benzo(a)pyrene

0.01

<1.0

100%

Boron

4000

206

100%

Bromate

20

<500

100%

Bromide

7000

<500

100%

Bromochloromethane

40

<5

100%

Bromodichloromethane

6

<5

100%

100

<5

100%

Cadmium

2

<0.1

100%

Chlorine

5 000

760

100%

Chlorobenzene

300

<5

100%

Chloroform (Trichloromethane)

200

<10

100%

1, 1 Dichloroethene
1, 2 Dichlorobenzene

Acenaphthylene

Benzene

Bromoform

Chromium (as Cr(VI))

Talinga EA
Permeate Limit
(µg/L)

50

<5

100%

Copper

2000

0.1

100%

Cyanide

80

<10

100%
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Chemical Compound / Element

Talinga EA
Permeate Limit
(µg/L)

Mean Value
(µg/L)

% of Data that
meets Talinga
EA Permeate
Limit

Dibromochloromethane

100

<5

100%

Ethylbenzene

300

<1.0

100%

Fluoride

1500

<500

100%

Iodide

100

<500

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%

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%

Thallium (Stable)(Total)

Detection
limit

<0.1

100%

Titanium (Total)

Detection
limit

0.2

100%

800

<1

100%

TPH (C6-C9)

<20

100%

TPH (C10-C14)

<50

100%

TPH (C15-C28)

<100

100%

TPH (C28-C36)

<100

100%

Toluene
Total Petroleum Hydrocarbons
(reported as separate fractions)

(Total) 200

Uranium

20

<0.1

100%

Vanadium

50

<0.1

100%

Xylene (Meta, Para, Ortho)

600

<3

100%

Zinc

3000

0.5

100%
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6.5. 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
Permeate
Limit (µg/L)

Acrylamide (2-propenamide)

0.2

Ammonia

500

Bromide

7000

Chlorine

5 000

Hydrazine

0.01

Iodide

100

Nitrite

3000

Radiological Compounds

0.5 mSv/year
for the total
radionuclide
exposure

Data Gaps
Well

Pond

Permeate

Not Recorded

Not
Recorded

Data pending

Sampled but not
analysed.

Not Recorded

Not
Recorded

<1000

Sampled but not
analysed.

Not Recorded

Not
Recorded

<500

Sampled but not
analysed.

Not Recorded

Not
Recorded

760

Sampled but not
analysed.

Not Recorded

Not
Recorded

Not recorded

Outside the original scope
of parameters to be
tested.

Not Recorded

Not
Recorded

<500

Sampled but not
analysed.

Not Recorded

Not
Recorded

<200

Sampled but not
analysed.

Not Recorded

Not
Recorded

Not Recorded

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

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.

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

Microbiological Data

Not Applicable

Metals

Not Applicable

Description

Polonium, Francium, Radium, Actinium and
Protactinium

Not analysed by QHFSS.

The missing data identified in Table 6 include:
6.5.1.

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.

6.5.2.

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.
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6.5.3.

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.

6.5.4.

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.

6.5.5.

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.

6.5.6.

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

6.5.7.

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

6.5.8.

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.

6.5.9.

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.

6.5.10. Elements by ICP-MS
Metals Polonium, Francium, Radium, Actinium and Protactinium were not screened by QHFSS.
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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:
•
•
•

The ponds are effective at buffering and averaging elevated levels of compounds/elements recorded
for individual wells;
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 naturally occurring resource,
with little possibility of contamination.
The TWTF is an effective barrier in treating source water to meet Talinga EA Permeate Limits.
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Table 7 Summary of Key Data
Chemical
Compounds

Wells
Talinga EA
Permeate Limit Mean Value % of Data
(µg/L)
below
(µg/L)
Detection
Limits

Feed Pond and Pond A
Mean Value
(µg/L)

% of Data
below
Detection
Limits

TWTF Permeate
Mean Value
(µg/L)

% of Data
that meets
Talinga EA
Permeate
Limit

Aluminium

200

1159

530

4.8

100%

Barium

700

618

553

21.4

100%

Bromate

20

<50

Fluoride

1500

4140

4300

<500

100%

Iodine

60

55

51.3

15.1

100%

Iron

300

1324

546

6.0

100%

NNitrosodimethylamine
(NDMA)
Lead

0.01

Not tested

Not tested

0.008

50%

10

2.8

0.5

<0.1

100%

Nickel

20

2.7

0.5

0.03

100%

Total Petroleum
Hydrocarbons
(reported as separate
fractions)
TPH (C6-C9)

(Total) 200

<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%

98%

<50

100%

<500
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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. Iodine
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.
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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. Iodine
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. Iron
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 µg/L (10 ng/L) for NNitrosodimethylamine (NDMA). NDMA is a by-product of the chloramination process. The World Health
Organisation (WHO) drinking water guideline for NDMA is 0.1 µg/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 µg/L and 0.012 µg/L (or 11 and 12ng/L)
respectively. Mean NDMA concentration for the TWTF Permeate is 0.008 µg/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 µg/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 µg/L (10 ng/L). The low level of NDMA in TWTF Permeate is
expected to rapidly degrade in the environment by UV irradiation.
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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.
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
Permeate Limit
(µg/L)

Recommendation

Detection limit
comments

Justification

1, 1 Dichloroethene

30

Remove

Dissolved ethane extremely
unlikely

1, 2 Dichlorobenzene

1500

Remove

Benzene precursor less than
1µg/L

1, 2 Dichloroethane

3

Remove

Dissolved ethane extremely
unlikely

1, 2 Dichloroethene (Trans
and Cis)

60

Remove

Dissolved ethene extremely
unlikely

1, 4 Dichlorobenzene

40

Remove

Benzene precursor less than
1µg/L

2, 2 Dichloropropionic Acid
(DPA)

500

Remove

Not able to be analysed by
QHFSS

2,4,5-Trichlorophenol

350

Remove

Phenol precursor less than
0.25 µg/L

2,4,6-Trichlorophenol

20

Remove

Phenol precursor less than
0.25 µg/L

2,4-Dichlorophenol

200

Remove

Phenol precursor less than
0.25 µg/L

2-Chlorophenol

300

Remove

Phenol precursor less than
0.25 µg/L

4-Chlorophenol

10

Remove

Not able to be analysed by
QHFSS

4-Methylphenol

600

Remove

Phenol precursor less than
0.25 µg/L

4-Nitrophenol

30

Remove

Phenol precursor less than
0.25 µg/L

4-Nonylphenol

500

Remove

Phenol precursor less than
0.25 µg/L

Acenaphthene

20

Keep

Acenaphthylene

0.014

Clarification

Detection limit at
1µg/L

Talinga EA Permeate Limit
below detection limit.
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Chemical Compounds

Talinga EA
Permeate Limit
(µg/L)

Recommendation

Detection limit
comments

Justification

Acrylamide (2propenamide)

0.2

Remove

Aluminium

200

Keep

Ammonia

500

Clarification

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

Bromate

20

Clarification

Bromide

7000

Keep

Bromine

7000

Keep

Bromochloroacetic acid

0.014

Clarification

Bromochloroacetonitrile

0.7

Remove

Bromochloromethane

40

Keep

Bromodichloromethane

6

Keep

Bromoform

100

Keep

Cadmium

2

Keep

Chlorate

800

Remove

Chlorine

5 000

Keep

Chlorine dioxide

1 000

Remove

Monochloramination used as
disinfection

Chlorite

300

Remove

Monochloramination used as
disinfection

Chloroacetic acid (Mono)

150

Keep

Chlorobenzene

300

Keep

Chloroform
(Trichloromethane)

200

Keep

Chromium (as Cr(VI))

50

Keep

Copper

2000

Keep

Cyanide

80

Clarification

Detection limit at
100µg/L

Talinga EA Permeate Limit
below detection limit.

Dibromoacetic acid

0.014

Clarification

Detection limit at
1µg/L

Talinga EA Permeate Limit
below detection limit.

Dibromochloromethane

100

Keep

Not Performed by QHFSS

Detection limit at
1000µg/L

Talinga EA Permeate Limit
below detection limit.

Detection limit at
50µg/L

Talinga EA Permeate Limit
below detection limit.

Detection limit at
5µg/L

Talinga EA Permeate Limit
below detection limit.
Not able to be analysed by
QHFSS

Monochloramination used as
disinfection
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Chemical Compounds

Talinga EA
Permeate Limit
(µg/L)

Recommendation

Dichloroacetic acid

100

Keep

Dichloroacetonitrile

2

Remove

Ethylbenzene

300

Keep

Fluoride

1500

Keep

Hydrazine

0.01

Remove

Iodide

100

Keep

Iodine

60

Keep

Iron

300

Keep

Lead

10

Keep

Manganese

500

Keep

Mercury

1

Keep

Molybdenum

50

Keep

Monochloramine

3000

Keep

Nickel

20

Keep

Detection limit
comments

Justification

Not able to be analysed by
QHFSS

Hydrazine unstable, difficult to
test for.

Handled on site

Present at approx. 1mg/L as
Cl2

Nitrate

50000

Keep

Nitrite

3000

Keep

N-Nitrosodiethylamine
(NDEA)

0.01

Keep

N-Nitrosodimethylamine
(NDMA)

0.01

Keep

Phenanthrene

150

Keep

Phenol

150

Remove

Pyrene

150

Keep

Radiological Compounds

0.5 mSv/year

Clarification

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
separate fractions)

(Total) 200

Remove

Below detection limit at ponds.

TPH (C6-C9)

Remove

Below detection limit at ponds.

TPH (C10-C14)

Remove

Below detection limit at ponds.

Phenol less than 0.25µg/L in
Source Water.

Pending approval from OWSR
that the NORMS survey
provided is adequate. (Refer
Attachment 3).
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Chemical Compounds

Talinga EA
Permeate Limit
(µg/L)

Recommendation

Detection limit
comments

Justification

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

Vanadium

50

Keep

Xylene (Meta, Para, Ortho)

600

Keep

Zinc

3000

Keep

Covered by radiological
compounds.

Inclusions
Dimethylamine (DMA)

Source water only
(Feed Pond)
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Attachment 1 –Talinga Water Treatment Facility Water Characterisation Data Set (Q-4120-95-TR-002)
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Attachment 2 – Microbiology Report (Li, Hendry and Faiz, 2008)
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A B S T R A C T
Isotopic data indicate that coalbed methane (CBM) in many Australian reservoirs comprise secondary
biogenic gas, however, little is known of the microbes active in these reservoirs. Therefore, for the ﬁrst time
in Australia, a preliminary culture-independent survey of the prokaryotic microbial composition of some of
these reservoirs was undertaken to provide a basis for an understanding of the origin of the observed
biogenic gas. Four water and three coal samples from the east coast of Australia were examined for their
prokaryotic diversity by 16S rDNA analysis. DNA was extracted from the samples and ampliﬁed using
bacterial- and archaeal-selective primers, and the resulting amplicons were cloned and sequenced. DNA
amplicons derived from Gram-negative bacteria predominated; relatively few archaeal and Gram-positive
bacterial sequences were ampliﬁed from the original samples. By-and-large coal samples yielded almost
exclusively archaeal and α-proteobacterial amplicons, whereas the water samples contained amplicons
derived from the remaining proteobacteria (β-ε) and bacteroidetes. Amplicons from three genera of archaea
were observed, none of which were genuine methanogens, although the dominant genus, Archaeoglobus, is
reported to have some weak methanogenic activity. Further integrated studies of microbiology,
hydrochemistry, gas geochemistry and geology of CBM reservoirs are continuing in order to better
understand the parameters for methane production in eastern Australian basins.
Crown Copyright © 2008 Published by Elsevier B.V. All rights reserved.

1. Introduction

1.2. Origin of gas in Australian coals and implications for CBM
exploration

1.1. Coalbed methane in Australia
Australia is the second largest coalbed methane (CBM) producer in
the world behind the U.S.A. with ~ 70 Petajoules (PJ) produced in 2006.
The current commercial CBM production in Australia is conﬁned to
coal seams of the Bowen, Surat and Sydney Basins along the eastern
seaboard of Australia (Fig. 1). The total number of proved and probable
CBM reserves identiﬁed in prospective areas of these basins is over
6000 PJ (A. Parker, Personal communication, 2007). Over 90% of the
current CBM production comes from Queensland and ~ 45% of
Queensland's natural gas consumption is derived from this source.
Extensive exploration and testing of potential reservoirs is also being
conducted in other Permian bituminous coals of Clarence–Moreton,
Gloucester, and Gunnedah Basins; and in the Tertiary brown coals of
Port Phillip Basin along the eastern coast of Australia.

⁎ Corresponding author. Tel.: +61 2 9490 5099; fax: +61 2 9490 5010.
E-mail address: phil.hendry@csiro.au (P. Hendry).

The main gases encountered in Australian coal seams comprise
CH4, C2H6, CO2, and N2. These gases are derived from multiple sources
(Faiz et al., 2003), including:
1. gas formed as a by-product of coaliﬁcation due to both microbial
activity and thermal alteration of coal,
2. secondary microbial gas formed due to the alteration of coal after
basin uplift,
3. gases derived from inorganic sources such as igneous intrusions
and thermal decomposition of carbonates.
Understanding the origin of these gases is critical for successfully identifying CBM production ‘sweet spots’. The Bowen, Sydney,
and Surat Basins are the most active CBM-producing basins in
Australia and contain a mixture of both thermogenic and
secondary biogenic gases (Fig. 2). Molecular and stable isotope
composition data for CH4 and CO2 in these basins indicate that
shallow coals (generally b650 m) contain considerable secondary
biogenic gas, which has formed since basin uplift after the Late
Cretaceous and is associated with meteoric water ﬂow (Faiz and
Hendry, 2006).

0166-5162/$ – see front matter. Crown Copyright © 2008 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.coal.2008.04.007
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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 (CO2-reduction) and acetate-dependent (acetoclasticreaction) 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 CO2 indicate that
the main mechanism of secondary biogenic methane generation, in all
Australian coals, is CO2 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 CH4
content and saturation levels relative to adsorption isotherms (Faiz
and Hendry, 2006).
1.3. Aim of study
Geochemical and isotopic analyses have provided indirect evidence 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 formation 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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Table 2
Origin and properties of sample sites
Sample
ID

Type

Basin/location

Depth
(m)

Approximate
reservoir
temp °C

pH

Approximate
Ro% for coal
seam

CSR1

25

na

0.4

638

35

8.0

1.2

543

32

7.9

1.2

581

33

8

1.2

20

20

na

0.2

CSR6

Coal

495

30

na

1.3

CSR7

Coal

Surat Basin/Talinga
seam
Sydney Basin/
EM18, Bulli seam
Sydney Basin/WG3,
Bulli seam
Sydney Basin/RP10,
Bulli seam
Port Phillip Basin/
Bacchus Marsh
Sydney Basin/West
Cliff 61, Bulli seam
Sydney Basin/West
Cliff 58, Bulli seam

325

CSR5

Formation
water
Formation
water
Formation
water
Formation
water
Coal

493

30

na

1.3

CSR2
CSR3
CSR4

Fig. 2. Plot of δ13C and δD isotopes for CBM from the Sydney, Bowen and Powder River
Basins. Compositional ﬁelds based on Whiticar et al. (1986). Sydney and Bowen Basin
data from Smith et al. (1985) and Faiz et al. (2003); Surat Basin data from Boreham et al.
(2004); Powder River Basin data from Rice (1993); Gorody (1999). VPDB — relative to
Vienna Pee Dee Belemnite Standard VSMOW — relative to Vienna Standard Mean Ocean
Water.

based drilling ﬂuid and core samples were collected at the drill site in
gas-tight steel canisters. The ends of the canister were ﬁtted with gastight valves which enable ﬂushing of the canister with inert gas to
maintain the coal sample under anaerobic conditions. The brown coal
sample from the Port Phillip Basin was retrieved from a deep
unexposed part of an open-cut coal mine and was immediately sealed
in a plastic bag. In order to minimize contamination sub-samples of
coal were taken from the centre of each core for microbiological
analyses. The water samples were collected in clean, sterile glass
bottles.
2.2. Coal petrology
Vitrinite reﬂectance and maceral analyses were performed on the
samples to characterise rank and organic matter composition of the
coals as the microbial ecology of coal seams are expected to be related
to these properties.
Vitrinite reﬂectance analyses were performed using a Zeiss
microscope with a 40× oil-immersion objective and an interference
ﬁlter having a passband peak of 546 nm; the measurements were
carried out in accordance with AS2456.3 (Standards Association of
Australia, 2000). Using plane-polarised light, the maximum reﬂectances of 50 vitrinite particles were measured on each sample and the
average reported as ‘mean maximum vitrinite reﬂectance’ (Ro).
Maceral analyses of the samples were made in accordance with AS
2865.2 (Standards Association of Australia, 1998). The minimum
number of points counted was 500 and the amounts of organic and
mineral components determined from point-counting are given as
volume percent (%).

Table 1
Location, depth and petrology for the coal samples
Sample
no.

Basin

Depth
(m)

Ro%

CSR 5
CSR 6
CSR 7

Port Phillip
Sydney
Sydney

20
494.3
497.3

0.23
1.28
1.29

Maceral composition
Vit/hum⁎ %

In %

Lip %

M%

81.7⁎
88.7
96.2

1.3
6.8
1.8

0.6
b 0.1
b 0.1

16.4
4.5
2.0

Ro — mean maximum reﬂectance of vitrinite; Vit — vitrinite; hum — huminite;
In — inertinite; Lip — liptinite; M — minerals.
⁎Huminite in CSR5; vitrinite in CSR6 and CSR7.

na: not available.

2.3. Culture
One formation water sample from the Surat Basin (CSR1) and three
from the Sydney Basin (CSR2, CSR3, and CSR4) were collected. The
formation water samples were cultured in anaerobic conditions in
minimal salts plus yeast media (MSY). MSY medium was prepared as
NH4Cl 0.1 g, K2HPO4·3H2O 0.4 g, MgCl2·6H2O 0.1 g, yeast extract 1 g,
and trace element solution SL-10 1.0 ml (www.dsmz.de/media),
combined in 1 l deionised water. The medium was autoclaved and
transferred into an anaerobic chamber (Coy, Michigan, USA) with an
atmosphere of N2 and up to 2% H2, and cooled to about 50 °C,
whereupon resazurin (1 ml of 0.1% stock) and cysteine hydrochloride
(1 ml of 20 mM stock) were added and the solution was left to
equilibrate for several hours. The formation water samples were
opened inside the anaerobic chamber, and 10 ml of each sample was
mixed with 90 ml of MSY medium in a 250 ml screw-top ﬂask with
silicone stopper lids. Duplicate cultures were incubated at 37 °C with
gentle shaking.
2.4. DNA extraction
One millilitre of each the formation water samples (CSR1–4) were
centrifuged at 16 000 ×g for 10 min to pellet the bacteria and archaea,
washed with water, recentrifuged, and the ﬁnal pellets were
resuspended in to 100 µl of water and frozen at −20 °C. Subsequently,
2 µl of thawed suspension was used as template for polymerase chain
reaction (PCR) studies, assuming that freeze/thaw and subsequent
heating step in the PCR would lyse the cells and liberate the DNA.
Supernatant from the cultured samples was transferred directly from
the culture vessels into the PCR to provide template DNA. DNA was
extracted from coal samples using a bead-beating method slightly
modiﬁed from (Yeates et al., 1998). About 5 g of coal (gouged with a
sterile implement from the interior of the core samples or lumps) was
mixed with 10 ml of extraction buffer (100 mM Tris HCl, pH 8.0,
100 mM EDTA, pH 8.0, and 1.5 M NaCl) and 2 g of 0.1 mm zirconia
beads (Daintree Scientiﬁc, Australia) in a 25 ml stainless steel grinding
jar containing a 15 mm stainless steel grinding ball. The samples were
milled for 1 min at 25 Hz in the Mixer Mill MM300 (Retsch, Germany).
The ground coal was removed from the grinding jar and sodium
dodecyl substrate was added to a ﬁnal concentration of 2% and the
suspension was incubated at 65 °C for 1 h. The suspended coal was
pelleted by centrifugation at 4500 ×g and the nucleic acid in the
supernatant precipitated by the addition of 0.8 M PEG-8000; the
pellet was redissolved in TE buffer (10 mM trishydroxymethylaminomethane, 1.0 mM ethylenediaminetetraacetic acid, pH 8.0) and the
protein and polysaccharides were precipitated by addition of

D. Li et al. / International Journal of Coal Geology 76 (2008) 14–24

17

potassium acetate to a ﬁnal concentration of 0.5 M. The DNA
remaining in the supernatant was cleaned up by phenol/chloroform/
isoamyl alcohol extraction and precipitated with isopropanol as
described by Sambrook et al. (1989). The DNA concentration was
measured with a Nano-Drop ND-1000 spectrophotometer (Wilmington, Delaware, U.S.A.) and between 20 and 30 ng of DNA was used as
template for each PCR reaction. All reagents employed in the DNA
extracted were conﬁrmed to be free of ampliﬁable DNA under the
conditions used.
2.5. PCR, cloning and DNA sequencing
To amplify bacterial DNA, bacterial universal primers, 16S–U1
CCAGCAGCCGCGGTAATACG and 16S–U2 ATCGGCTACCTTGTTACGACTTC (Lu et al., 2000), were used. The primers extend from
positions 512 and 1511 in the E. coli 16S rDNA gene. The ampliﬁcation
program consisted of 30 cycles of 95 °C for 30 s, 55 °C for 30 s, 72 °C for
45 s, and a ﬁnal 7 min extension at 72 °C.
To amplify archaeal DNA, the archaea-speciﬁc degenerate primers
A751F (CCGACGGTGAGRGRYGAA) and UA1406R (ACGGGCGGTGWGTRCAA) (Baker et al., 2003) were used. The ampliﬁcation program
consisted of 30 cycles of 95 °C for 30 s, 52 °C for 30 s, 72 °C for 30 s, and a
ﬁnal 7 min extension at 72 °C.
In these PCR reactions, GoGreen PCR master Mix (Promega) and
1 µl of 10 mM 16S–U1 and 16S–U2 (bacterial) or 2 µl of 10 mM A751F
and UA1406R (archaeal) degenerate primers were used in a 25 µl
reaction. Negative controls were included in all experiments by
replacing the DNA template with 2 µl of sterile water.
PCR products were analysed by 1% agarose gel electrophoresis and
the expected bands were gel-puriﬁed with Wizard SV gel clean-Up
system (Promega). The puriﬁed PCR products were cloned into pCR®4TOPO vector according to the manufacturer's instructions (Invitrogen,
Carlsbad, CA). Some 8–16 colonies from each ampliﬁcation were
picked; their plasmid DNA was extracted with Wizard plasmid miniprep (Promega, Madison, WI) and cut with the restriction enzyme
EcoRI to check the insert size. The puriﬁed plasmid DNAs were
sequenced with M13 forward and reverse primers at the Australian
Genome Research Facility (AGRF), Queensland, Australia.
2.6. Sequence analysis
DNA sequences were edited to remove vector-derived sequences,
then used as queries to search for homologous sequences in GenBank
with the program BLASTn using the facilities of the Australian National
Genomic Information Service (www.angis.org.au). Nucleotide
sequences were aligned with Clustal W and phylogenetic trees were
created with MEGA 3.1 software using maximum parsimony; the
signiﬁcance of the junctions was established using the bootstrap
method (1000 replicates; Kumar et al., 2004). All signiﬁcant sequence
data has been deposited in Genbank under accession numbersEU481632–EU481780
3. Results and discussion
3.1. Coal petrology
The sample, CSR5, from the Port Phillip Basin coal is a Tertiary soft
brown coal with a Ro value of 0.23%. The Permian Sydney Basin coals,
CSR 6 and CSR 7, are medium volatile bituminous in rank with VR of
1.28 and 1.29%, respectively. The Ro values for the coal seams from
where water samples were collected were ~ 0.4% for the Surat Basin to
~ 1.2% for the Sydney Basin (Table 1).
The Port Phillip Basin coal is primarily composed of huminite
including both humo-telinite and humodetrinite (Fig. 3 a). The main
inertinite macerals in the Port Phillip Basin coal are funginite
(scleorintie) and semifusinite. The Sydney Basin samples mainly

Fig. 3. (a) Photomicrograph showing Huminite (Hu), funginite (Sc), sporinite (Sp) in Port
Phillip Basin coal (BMC1); reﬂected white light, oil immersion; and ﬁeld width is
0.25 mm. (b) Photomicrograph showing vitrinite (Vit), inertinite (In) and minerals (M)
in Sydney Basin coal (SBC1); reﬂected white light, oil immersion; and ﬁeld width is
0.25 mm.

contain vitrinite with telovitrinite being the dominant component
(Fig. 3 b). The main intertinite macerals in the Sydney Basin coals are
semifusinite, fusinite, and macrinite. Liptinite in both Port Phillip and
Sydney Basin coals are b1% and it mainly comprised sporinite.
3.2. Microbiology
3.2.1. Analysis of the amplicons using the culture-independent method
Three coal samples from the Port Phillip and Sydney basins were
surveyed for prokaryotic microbial diversity using PCR, cloning, and
DNA sequencing. Four formation water samples from Sydney and
Surat basins were similarly analysed. Since this study was a
preliminary survey rather than an exhaustive analysis, a manageable
number of clones were sequenced from each source and, therefore, it
is clear that not all of the microbial diversity has been sampled from
each source. While it is understood that this methodology detects only
DNA and not living organisms, we have inferred from that, the
presence of contemporary functional prokaryotic communities since,
in these environments (moist, temperate, porous, and with available
nutrients) that free DNA would be rapidly recycled by any endemic
microﬂora.
Speciﬁc PCR products (amplicons) were obtained from the
formation water samples with bacterial universal primers but not
with archaeal speciﬁc primers. Eight clones from each sample were
sequenced. Their homologies to publicly available sequences

18

D. Li et al. / International Journal of Coal Geology 76 (2008) 14–24
Table 3 (continued)

Table 3
Summary of amplicons from water and coal samples

CSR 1
Surat
Basin

CSR 2
Sydney
Basin

Clone
ID

CSR 4
Sydney
Basin

Gram

760
836
835
746

99
99
99
99

EU481765
EU481766
EU481767
EU481760

N

B6-2

710

98

EU481761

B6-4

725 100

EU481763

B6-3

788

99

EU481762

798
665
665
666

98
97
96
97
98
97
97
97

Phyllobacterium
myrsinacearum;
AY785332
Geobacillus sp.;
DQ642095
Marinobacter sp.;
Y16735
Halomonas sp.;
AY347310
Eschericia coli;
Z83204
Aﬁpia sp.; U87763
Archaeoglobus
fulgidus; Y00275

N

N

Bacterial B6-6
B6-7
B6-8
B6-1

EU481764
EU481752
EU481758
EU481759
EU481754 Sulfophobococcus
EU481755 zilligii; X98064
EU481756
EU481757

N

99
98
97

EU481751 Bradyrhizobium sp;.
EU481753 Z94823
EU481750 Alpha
proteobacterium;
DQ123621
EU481778 Marinobacter sp.;
EU481779 DQ658972
EU481780
EU481776 Archaeoglobus
fulgidus; Y00275
EU481769 Archaeoglobus
profundus; AF322392
EU481774 Sulfophobococcus
zilligii; X98064
EU481777 Thermococcus
litoralis; AY099180
EU481770 Halomonas sp.;
DQ489548
EU481768 Rhodobacter sp.;
AF468358
EU481771
EU481773
EU481775 Methylocapsa
acidiphila; AJ278726
EU481772 Rhizobium sp.;
AF331662

N

Gram

991
99
991
99
776
98
991
98
770
92
782
92
996 100
728 100
572
97

EU481632
EU481634
EU481633
EU481635
EU481636
EU481639
EU481637
EU481638
EU481659

N

995
996

99
99

EU481657
EU481658

B2-4
B2-5
B2-6
B2-7
Bacterial B3-1
B3-2
B3-3

823
99
760
99
916
99
755 100
991 100
994
99
524
97

EU481660
EU481661
EU481662
EU481663
EU481680
EU481681
EU481682

B3-4
B3-5

806 100
770
95

B3-6

709 100

EU481683
EU481684
EU481685

B3-7

742

95

EU481686

B3-8

773

95

EU481687

Bacterial B4-1
B4-5
B4-8
B4-2
B4-4
B4-3

997
997
774
808
825
994

98
100
100
100
100
99

EU481704
EU481708
EU481711
EU481705
EU481707
EU481706

998 100
998 100

EU481709
EU481710

Hydrogenophaga
deﬂuvii; AJ585993
Hydrogenophaga
sp.; AY168755
Cytophaga sp.;
AJ431254
Thauera sp.;
AJ315678; AM231040
Beta
proteobacterium;
AY429717
Gamma
Proteobacterium;
AY972868
Methylobacter sp.;
AF016981
Pseudomonas sp.;
DQ168644
Azoarcus sp.;
DQ851175
Methylotenera
mobila; DQ287786
Nitrincola
lacisaponensis;
AY567473
Pseudomonas
stutzeri; Y18006
Clostridiales sp.;
AB218661
Fusibacter paucivorans;
AF050099
Nitrincola
lacisaponensis;
AY567473
Pseudomonas
stutzeri; Y18006
Marinobacter sp.;
AB052100
Beta
proteobacterium;
DQ664239
Methylocapsa
acidiphila;
AJ278726
Acidocella sp.;
AF531477
Labrys sp.;
DQ062742
Acidiphilium sp.;
DQ168464
Thiomonas sp.;
AJ8799984
Rhodobacter
litoralis; AY563033
Archaeoglobus
fulgidus; Y00275

Bacterial B1-1
B1-3
B1-2
B1-4
B1-5
B1-8
B1-6
B1-7
Bacterial B2-3

B4-6
B4-7
CSR 5
Port
Phillip
Basin

Closest match
(16S rRNA)

Closest match
(16S rRNA)

B2-1
B2-2

CSR 3
Sydney
Basin

Size %
Accession
bp
Identity no.

Size %
Accession
bp
Identity no.

Sample/ PCR
basin
primer
set

Bacterial B5-6
B5-8
B5-5

800
996
996

B5-4

98
98
99

EU481747
EU481749
EU481746

97

B5-1

997
999

98

EU481745
EU481742

B5-3
B5-7
B5-2

992 100
991
99
980
97

EU481744
EU481748
EU481743

664
664
665
666
664

96
96
96
96
99

A5-7 657
A5-16
A5-2 635

99
99
97

EU481729
EU481733
EU481734
EU481740
EU481731 Thermococcus
litoralis; AY099180
EU481732 Acidocella sp.;
EU481741 DQ419950
EU481727 Rhodobacter sp.;
AF468358
EU481726 Methylocapsa
EU481730 acidiphila;
EU481735 AJ278726
EU481737
EU481738
EU481728 Pseudorhodobacter
EU481736 incheonensis;
DQ001322
EU481739 Cellulomonadaceae sp.;
AB078852

Archaeal A5-4
A5-8
A5-9
A5-15
A5-6

A5-1
A5-5
A5-10
A5-12
A5-13
A5-3
A5-11

657
97
657
97
657
97
657
98
657 97
635
98
635
95

A5-14 658 100

Sample/ PCR
basin
primer
set
CSR 6
Sydney
Basin

N
N

Clone
ID

B6-5
Archaeal A6-3
A6-9
A6-10
A6-5
A6-6
A6-7
A6-8

N

N
N
N

A6-2
A6-4
A6-1

N

664
665
654
558
658
659
659

N

N
P
P
N

N
N
N

N

CSR 7
Sydney
Basin

Bacterial B7-1
B7-2
B7-3
Archaeal A7-9

759
99
759
99
677 100
665 96

A7-2

675

93

A7-7

213

90

A7-10 663

99

A7-3

658

99

A7-1

635

97

A7-4
A7-6
A7-8

636
635
657

96
97
97

A7-5

659 100

N

P
N
N
N

N

N

N
N

N
N

N: Negative, P: Positive.
N
N
N
N

N
N
N

N

P

(GenBank) were compared using the BLASTn program and their
closest matches are listed in Table 3. Authentic amplicons were
obtained from the three coal samples with both bacterial universal
and archaeal speciﬁc primers. Between four and eight bacterial clones
and 10–16 archaeal clones were sequenced. The sequence IDs and
their closest matches in GenBank are listed in Table 3. It is apparent
from those results that the archaeal primer set is not completely
speciﬁc for archaea, and in these samples, which appear to contain a
large excess of bacteria over archaea, some bacterial sequences are
being ampliﬁed using the archaeal primer set.
3.2.2. Analysis of the amplicons from different locations using the
culture-dependent method
The four formation water samples were cultured anaerobically in
duplicate at 37 °C for three weeks. After that time, 2 μl from each
culture was subjected to PCR using both bacterial and archaeal primer
sets. No archaea were ampliﬁed with the archaeal primer pair and
only bacterial amplicons are reported. The amplicons were cloned and
8 or 9 colonies from each culture were sequenced. Their closest
homologs are listed in Table 4.
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Table 4
Microbial analysis of cultured formation water samples
Sample

Clone
ID

Size
bp

%
Identity

Accession
no.

Closest match and
accession number

Gram

CSR 1-C1
Surat
Basin

B1C1-1
B1C1-2
B1C1-5
B1C1-6
B1C1-7
B1C1-8
B1C1-3
B1C1-9
B1C1-4
B1C2-2
B1C2-3
B1C2-5
B1C2-6
B1C2-7
B1C2-1

997
574
774
808
783
997
994
994
984
820
820
994
791
791
985

100
100
100
99
99
100
100
99
91
92
92
92
92
93
98

EU481640
EU481641
EU481644
EU481645
EU481646
EU481647
EU481642
EU481648
EU481643
EU481649
EU481651
EU481653
EU481654
EU481655
EU481649

Gamma
Proteobacterium;
AY972868

N

Achromobacter sp.;
AF227159
Bacteroidetes sp.; AF524856
Fusibacter paucivorans;
AF050099

N

P

B1C2-8
B1C2-4

757
800

88
100

EU481656
EU481652

B2C1-3
B2C1-7
B2C1-1
B2C1-5
B2C1-6
B2C1-2

996
794
792
777
800
998

99
97
100
100
99
100

EU481666
EU481670
EU481664
EU481668
EU481669
EU481665

Uncultured coal seam
bacterium; AB294310
Bacteroidetes sp.; AF524856
Gamma Proteobacterium;
AY972868
Clostridium sticklandii;
M26494
Aeromonas sp.; DQ659047

N

B2C1-4
B2C1-8

993
997

99
98

EU481667
EU481671

996
560
715
797
996
997
571
997
798
704
935

99
99
98
99
99
95
100
100
99
98
97

EU481672
EU481674
EU481676
EU481677
EU481678
EU481673
EU481675
EU481679
EU481689
EU481695
EU481692

Aeromonas sp.; DQ659047

N

CSR 3-C1
Sydney
Basin

B2C2-1
B2C2-3
B2C2-5
B2C2-6
B2C2-7
B2C2-2
B2C2-4
B2C2-8
B3C1-2
B3C1-8
B3C1-5

Beta proteobacterium;
DQ664239
Arcobacter sp.; AM084114
Shewanella putrefaciens;
AB057660
Clostridium sticklandii;
M26494

Clostridium sp.; DQ852338

P
P

CSR 3-C2
Sydney
Basin

B3C1-1
B3C1-3
B3C1-4
B3C1-7
B3C1-6
B3C2-1
B3C2-6
B3C2-5

806
800
820
668
984
766
996
605

99
100
100
100
92
100
100
94

EU481688
EU481690
EU481691
EU481694
EU481693
EU481696
EU481701
EU481700

Uncultured low G + C
Gram-positive bacterium;
DQ206415
Pseudomonas stutzeri;
Y18006

N
P

B3C2-7

995

93

EU481702

B3C2-2
B3C2-3
B3C2-4
B3C2-8
B4C1-1
B4C1-3
B4C1-4
B4C1-5
B4C1-2
B4C1-6
B4C2-1
B4C2-2
B4C2-4
B4C2-5
B4C2-7
B4C2-8

701
805
771
998
993
770
817
993
809
997
411
572
684
787
766
669

100
100
100
100
100
99
95
100
93
100
99
98
99
99
99
100

EU481697
EU481698
EU481699
EU481703
EU481712
EU481714
EU481715
EU481716
EU481713
EU481717
EU481718
EU481719
EU481721
EU481722
EU481724
EU481725

Bacteroides sp.; AJ518874
Exiguobacterium
aurantiacum; DQ019166
Soehngenia
saccharolytica; AY353956
Clostridium hastiforme;
X80841
Pseudomonas stutzeri;
Y18006

Fusibacter sp.; AF491333

P

Pseudomonas stutzeri;
Y18006
Clostridium sticklandii;
M26494

N

P
P

B4C2-3

997

100

EU481720

B4C2-6

999

99

EU481723

Fusibacter sp.; AF491333
Acetobacterium
wieringae; X96955
Pseudomonas stutzeri;
Y18006
Geobacter metallireducens;
L07834

CSR 1-C2
Surat
Basin

CSR 2-C1
Sydney
Basin

CSR 2-C2
Sydney
Basin

CSR 4-C1
Sydney
Basin

CSR 4-C2
Sydney
Basin

N: Negative, P: Positive.

N
P

N
N
P
N

N
N
P

N

P
P
N

P

N
N
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The cultured formation water samples were also examined
microscopically. Under transmitted light microscopy, N107 cells/ml
were typically observed showing a variety of morphotypes (data not
shown). Similarly, negatively stained (Phosphotungstic acid) transmission electron micrographs showed a range of morphologies.
3.2.3. Phylogenetic analysis of amplicons from the formation water and
coal samples
The amplicons from all the samples, formation water, coal and
cultures were divided into three groups: archaea, Gram-positive
bacteria, and Gram-negative bacteria. The relationships between the
members of each class were displayed on phylogenetic trees in Figs. 4–6,
respectively. The trees were constructed as described in the Samples and
methods section, using the maximum parsimony method. Only
sequences longer than 600 base pairs were used to compile the trees,
thus not all the sequences represented in the tables appear in the trees.
3.2.3.1. Phylogenetic relationships among archaea. The coal samples
provided 16 sequenced archaeal amplicons, but the PCR of the
formation water and cultured samples using the archaeal-selective
primers, A751 and uA1406R did not yield any authentic amplicons.
The concentration of DNA in the formation water was probably very
low, and although sufﬁcient bacteria were present to allow their DNA
to be ampliﬁed, the archaea were probably too rare to observe.
A phylogenetic tree was created of all the archaeal amplicons
(Fig. 4), the most abundant amplicons are related to Archaeoglobus.
Among the Archaea, Archaeoglobus species are the only known
hyperthermophilic, strictly anaerobic, sulfate reducers which can
grow in the range of 60–95 °C (Reed and Hartzell, 1999). They can
grow on H2 as the electron donor for sulfate reduction, but can also
grow on a number of organic compounds such as sugars, organic acids
(lactate), starch and peptides. Archaeoglobus are thought to represent
a transitional form between an anaerobic thermophilic sulfur-based
type of metabolism and methanogensis (Achenbach-Richter et al.,
1987). Of particular interest in this study is the fact that they are able
to produce methane, although at a level of 0.1% or less of that expected
for a typical methanogen. Archaeoglobus can also form bioﬁlms when
subjected to environmental stresses such as extreme pH or temperature, high concentrations of metal, or the addition of antibiotics,
xenobiotics, or oxygen (Lapaglia and Hartzell, 1997). Archaeoglobus
fulgidus has been isolated from hot North Sea oil ﬁeld waters (Beeder
et al., 1994) and has a moderate optimum growth temperature (76 °C).
A. fulgidus, Archaeoglobus lithotrophicus, and Archaeoglobus profundus
have also been isolated in reservoir ﬂuid from the Thistle platform in
the East Shetland Basin of the North Sea (Stetter et al., 1993).
Several amplicons with high similarity to Sulfophobococcus zilligii
were identiﬁed from the coal samples of Sydney and Port Phillip basins.
S. zilligii, a hyperthermophilic crenarchaeon, is a strictly anaerobic coccus
between 3–5 µm in diameter. It grows fermentatively on yeast extract
between temperatures of 70 and 95 °C, within a pH range of 6.5 to 8.5.
In the coal samples, CSR5 and CSR7, sequences with high homology to
the euarchaeote Thermococcus litoralis were observed. The genus Thermococcus are strictly anaerobic obligate heterotrophs growing on
complex proteinaceous substrates, and their growth is strongly associated with the reduction of elemental sulfur. Alternatively, with a few
exceptions, they are capable of gaining energy by fermentation of
peptides, amino acids, and sugars, forming acids, CO2, and H2 in the
absence of elemental sulfur. Their temperature optima range between 75
and 93 °C; pH optima between 5 and 9 (optimum =6.5; Fukui et al., 2005).
The archaeal sequences derived from the coal samples all showed
homology to thermophilic or hyperthermophilic archaea. However,
the temperature in which the coal samples were collected was
between 20 and 35 °C in situ. Thus, either the coal samples
unexpectedly harbour hyperthermophilic archaea, or the amplicons
represent mesophilic relatives of the hyperthermophiles. This latter
option is possible given the level of sequence identity between the
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Fig. 4. Phylogenetic tree of archaeal amplicons. Nucleotide sequences were aligned with Clustal W and phylogenetic trees were created with MEGA 3.1 software using maximum
parsimony; the signiﬁcance of the junctions was established using the bootstrap method (1000 replicates) (Kumar et al., 2004). Coloured symbols represent various samples, which
are also identiﬁed by the preﬁxes to their names.

Archaeoglobus- and Sulfophobococcus-related amplicons and their
closest matches in the database, around 96 and 97% respectively;
N97% identity is considered typical for intraspecies variation.
No sequences corresponding to genuine methanogens were
observed in this study. While it is possible that their absence is an
artifact of the PCR protocol and primers used, we believe that this is
unlikely because the primers had been designed to amplify DNA from
all four methanogenic genera (Baker et al., 2003), and we have
successfully ampliﬁed Methanococcus and Methanothermococcus
sequences from other samples (data not shown) using this primer set.
3.2.3.2. Phylogenetic relationship among Gram-positive bacteria. The
phylogenetic relationships between the Gram-positive bacteria are
shown in Fig. 5. The great majority of these sequences were observed
in the cultured water samples. The dominant Gram-positive bacteria
belong to the Clostridiales family. They are diverse family of obligate
anaerobes capable of producing endospores.
Fusibacter-like sequences were observed in two of the cultured
water samples. Fusibacter species are halotolerant, thiosulfate-reducing bacteria. Fusibacter paucivorans, a strictly anaerobic, halotolerant,
spindle-shaped rod, was isolated from an African saline oil-producing
well (Ravot et al., 1999). In our study, two distinct clusters of Fusibacter-like sequences were observed: those cultured from Surat Basin
(CSR 1), which displayed about 92% identity with F. paucivorans, and
those derived directly from CSR 3 or cultured from CSR 4 (both from
Sydney Basin), which were about 96% identical with F. paucivorans but
more closely related (98–100% identity) to Fusibacter sp. SA1.
Several Clostridium species have been isolated from coal sources.
Clostridium BC1 (Francis and Dodge, 1988), with the ability to reduce
heavy metals and ﬁx N2, was isolated from coal-cleaning residues, and
Clostridium scatologenes is an acetogen found in an acid coal mine
pond (Kusel et al., 2000). In our study, two groupings of amplicons
related to Clostridium sticklandii were observed, all derived from
cultured water samples from the Sydney Basin. C. sticklandii is
commonly found in the rumen of sheep and cattle and are noted for
their ability to produce ammonia. Other members of the Clostridiales
inferred were related to Acetobacterium wieringae and Tissierella
praeacuta (Syn: Clostridium hastiforme).
Three occurrences of sequences related to the Bacillales order were
observed. Two, closely related to Exiguobacterium aurantiacum, are

from a cultured sample of CSR3. E. aurantiacum are non-spore forming
alkaliphilic rods, capable of aerobic or anaerobic growth at 20–41 °C
(Fruhling et al., 2002; Rodrigues et al., 2006). They have been found in
environments as diverse as lakes and human blood (Lopez et al., 2005;
Pitt et al., 2007). A single amplicon related to a Geobacillus species was
observed in a coal sample, CSR 6. Geobacilli are typically thermophilic
and often found in soil, geological formations and oil reservoirs.
Three sequences related to Gram-positive bacteria not belonging to
the Bacillales or Clostridiales classes were observed in this study; their
closest matches in the database were isolated from a soda lake
(Hollibaugh et al., 2006), coal formation water (Shimizu et al., 2007),
and a rice paddy (Akasaka et al., 2003) respectively. The homologue of
the rice paddy derived sequence was ampliﬁed directly from the
brown coal from Port Phillip Basin, and is closely related to a Cellulomonadaceae strain. The Cellulomonadaceae are bacteria within the
order Actinomycetales whose DNA has a high G + C content, and which
can typically degrade cellulose and other polysaccharides.
The great majority of the Gram-positive bacteria inferred in this
study were from the cultured samples of the formation water. This
observation probably reﬂects the relative ease of culturing of the Bacillales and Clostridiales under conditions in this experiment.
3.2.3.3. Phylogenetic relationship among Gram-negative bacteria. The
predominant group of organisms inferred in this study were Gramnegative bacteria, their phylogenetic relationships are shown in Fig. 6.
They come from all ﬁve groups (α-ε) of the proteobacteria and the
bacteroidetes. With only a few exceptions, the amplicons derived from
the coal samples belonged to the archaea and α-proteobacteria, and
those from formation water (and cultures thereof) did not. The
dichotomy is quite striking, and deserves much closer examination
using a less potentially biased approach, i.e. one independent of
sequence dependent ampliﬁcation and cloning.
Starting with the α-proteobacteria, many of the coal-derived
amplicons derive from the order Rhizobiales. These organisms,
especially those of the genus Rhizobium, Labrys, and Bradyrhiziobium,
are often associated with living plants or the soil surrounding them.
Since all of the coal samples appeared to be free of soil, it was unexpected
to observe these organisms not only in brown coal but also in the higher
rank Sydney Basin samples. A large number of amplicons, mainly from
the Port Phillip Basin (CSR 5), were related to Methylocapsa acidiphila. M.
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Fig. 5. Phylogenetic tree of Gram-positive bacterial amplicons. See legend to Fig. 4 for details. Coloured symbols represent various samples, which are also identiﬁed by the preﬁxes to
their names.

acidiphila was initially isolated from an acidic Sphagnum peat bog. They
are aerobic, colourless, non-motile, curved coccoids that form conglomerates covered by an extracellular polysaccharide matrix. They use
methane and methanol as sole sources of carbon and energy (Dedysh
et al., 2002). The brown coal sample CSR 5 also returned four amplicons
belonging to the order Rhodospirillales, an Acidiphilium sp and three
Acidocella sp. Organisms from both these genera are acidophiles,
commonly found in acidic mining sites, but unlike the well-known
Acidithiobacillus ferrooxidans, they are heterotrophic. The prevalence of
acidophiles in the CSR5 sample is likely to be related to the possible
abundance of humic acids in huminite-rich soft brown coal.
Three amplicons from CSR7 (A7-1, A7-4 and A7-6) and 1 from CSR5
(A5-2) share 96–97% identity with DNA from a bacterium belonging to
the Rhodobacter genus. The amplicons are also clustered closely with

three other amplicons from CSR5 (A5-3, A5-11 and B5-2), which have
high sequence identities (95–98%) with Rhodobacter and Pseudorhodobacter. Pseudorhodobacter and Rhodobacter are photosynthetic,
purple nonsulfur bacteria (Okubo et al., 2006). Rhodobacter's diverse
modes of respiration and metabolism allow it to survive in a wide
range of habitats, and its members differ from other nonsulfur purple
bacteria in that they can grow in both the light and the dark. The most
studied example, Rhodobacter sphaeroides, possesses a broad spectrum of lifestyles including photosynthesis, lithotrophy, and aerobic
and anaerobic respiration.
A small number of amplicons from coal samples was not related to αproteobacteria. Amplicons A5-3 and A5-7 from CSR5 are closely related
to Thiomonas, sulfur oxidisers, and amplicons, B7-1, B7-2 and B7-3 have
high identities with Marinobacter sp. commonly found in seawater.
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Fig. 6. Phylogenetic tree of Gram-negative amplicons. See legend to Fig. 4 for details. Coloured symbols represent various samples * see text..

Two amplicons from one of the CSR1 cultured samples showed
100% identity (over 994 nucleotides) with Achromobacter, a βproteobacterium; unexpectedly, however, the phylogenetic analysis
showed the sequencing clustering with the α-proteobacteria. Closer
inspection of the sequences showed that they were 99% identical to

Pannonibacter phragmitetus, an α-proteobacterium belonging to the
Rhodobacterales. Therefore it is clear that the results based solely on
partial 16S ribosomal DNA (rDNA) sequences must be treated with
some caution, and that 16S rDNA sequences are not perfect phylogenetic anchors.
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In contrast to the coal samples, which were relatively tightly
clustered phylogenetically in the α-proteobacteria, the water samples
and their cultures yielded amplicons characteristic of Gram-positive
bacteria and of all the remaining (β, γ, δ, and ε) proteobacteria and the
bacteroidetes. Among them, the dominant class (over 50%) of the
Gram-negative bacteria are γ-proteobacteria, of which Pseudomonas
was the most represented genus. Pseudomonas is a very diverse and
widespread genus and its members are typically aerobic. Pseudomonas stutzeri has been shown to degrade the organic matter of lignite
and subbituminous coals (Machnikowska et al., 2002).
Another well-represented genus, 6 amplicons from Sydney Basin
(CSR 3 and CSR 4), is Nitrincola. The genus has only recently been
described; Nitrincola lacisaponensis, a novel alkaliphilic bacterium,
was isolated from decomposing wood taken from the shore of Soap
Lake, U.S.A. (Dimitriu et al., 2005). The isolate can utilize only a limited
range of organic acids as carbon and energy sources and has a pH
optimum around 9 (Dimitriu et al., 2005).
Several amplicons from CSR 2, and one from CSR 6 (both Sydney
Basin), showed homology to sequences from Aeromonas. Aeromonas sp.
are facultative aerobic rods that morphologically resemble members of
the family Enterobacteriaceae. The organisms are ubiquitous in fresh
and brackish waters and are pathogenic to a wide range of organisms
(Gilardi, 1967).
Of the other classes of proteobacteria, there is a single amplicon
representing the δ-proteobacteria; it has homology to rDNA from Geobacter metallireducens, an anaerobic metal-reducing organism of intense
interest because of its potential use in bacterial fuel cells (Min et al., 2005).
A number of amplicons mainly from water samples appear to
belong to β-proteobacteria. They cover several genuses including
Hydrogenophaga, Azoarcus, Thauera, Thiomonas and some unclassiﬁed
β-proteobacteria. Members of the genus Hydrogenophaga are typically
described as facultative autotrophs capable of ﬁxing CO2 while
utilizing molecular hydrogen as the electron donor and oxygen as
the terminal electron acceptor for growth (vanden Hoven and Santini,
2004;Willems et al., 2005). Arsenite oxidation by species of Hydrogenophaga isolated from gold mines has recently been reported
(vanden Hoven and Santini, 2004). Thiomonas species are obligate
aerobes and facultative chemolithoautotrophs with the ability to
oxidise a range of reduced sulfur compounds (Kelly and Wood, 2005).
The diazotrophic proteobacteria, Azoarcus is a diverse genus and
species have been identiﬁed from several habitats including grass
roots, soil and fungus (Hurek et al., 1997; Reinhold-Hurek and Hurek,
2000; Hurek and Reinhold-Hurek, 1995). The closely related Thauera
genus was also inferred, like Azoarcus, they are able to degrade a wide
variety of aromatic compounds using oxygen or nitrate as a terminal
electron acceptor (Mechichi et al., 2002).
The ε-proteobacteria were represented by a single amplicon with
homology to rDNA from Arcobacter. The genus Arcobacter was previously
found in signiﬁcant numbers in activated sludge (Snaidr et al., 1997), and
denitrifying Arcobacter strains are known (Heylen et al., 2006). Their
growth temperature ranges from 15 to 30 °C, and their habitat is extremely diverse: intestinal tracts and carcases of animals, water reservoirs,
sewage, oil ﬁelds and saline environments (Vandamme et al., 2005).
Finally, the Bacteroidetes were represented by two amplicons
from CSR1 having homology with Cytophaga, a genus of Gramnegative gliding bacteria found in soil, decomposing organic matter,
and freshwater and marine habitats, and three amplicons obtained
from cultured water samples (CSR1 and CSR3) with homology to
rDNA from an unclassiﬁed member of this phylum. The major role of
Cytophaga cells in the environment is likely to be the mineralization
of organic matter. Cytophaga are chemoheteroorganotrophs, and
many of them are able to degrade biomacromolecules such as
protein, DNA, ribonucleic acid (RNA), chitin, pectin, agar, starch, or
cellulose. Most are strict aerobes, but microaerophiles and facultative anaerobes are known, and nitrate respiration has been detected
in some strains of Cytophaga (Okabe et al., 2003).
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4. Conclusions
This study showed a distinct segregation of prokaryotic groups between
the water and coal samples. With a few exceptions, the amplicons derived
from the coal samples yielded only archaea and α-proteobacteria, whereas
water samples (and cultures thereof) yielded amplicons derived only from
gram-positive species, proteobacteria (except α), and bacteroidetes.
The uncultured coal and water samples were dominated by Gramnegative bacteria, which accounted for 95% and 91% of bacterial clones
from the two sources, however, in the cultured water samples the Gramnegatives and positives were evenly represented, apparently due to the
good growth of members of the Clostridiales under the culture conditions.
Studies such as this, of prokaryotic populations in difﬁcult matrices
like coal, are complicated by the fact that the PCR step introduces a bias
into the results that may have a signiﬁcant bearing on the outcome of the
study. There are no completely effective universal primers for all
prokaryotes or even for all bacteria, and ideally this study would be
conducted using methods that were independent of any assumptions
regarding the sequences to be detected or any bias introduced by the
requirement to clone them. For example, analysis by high through-put
sequencing of uncloned DNA should be more representative. Not
withstanding the potential for bias in the current study, a great deal of
diversity was observed, with about 40 different genera of bacteria and
archaea being represented in the cloned amplicons.
The PCR results suggest that members of the domain Archaea were
relatively rare in the coal samples and absent from the water samples. The
dominant archaeal species belonged to the genus Archaeologlobus, an
anaerobe with very weak methane generating capacity. No genuine
methanogens were detected in this study, and we are conﬁdent that this
was not due to primer bias because subsequent studies with DNA from
another source resulted in the ampliﬁcation of DNA with high homology
to Methanococcus and Methanothermococcus species (data not shown).
The lack of true methanogens in our survey was unexpected, since
methane from both the Sydney and Surat Basins has a very signiﬁcant
biogenic component. If this observation is conﬁrmed by further study, it
suggests that there is potential to enhance, by artiﬁcial means, the
biogenic production of methane from these coal samples.
An unexpected observation was the detection, from coal with
reservoir temperatures of between 20 and 30 °C, of archaeal
amplicons with homology to thermophiles and hyperthermophiles.
Some possible explanations have been offered earlier, however, other
possibilities also need to be discounted, that is, that the presence of
DNA from these organisms reﬂects the high temperature history of the
coal reservoirs. The thermal history of the Sydney Basin suggests deep
burial and temperatures above 80 °C within the last 50 Ma (Faiz et al.,
2003). Thus, either the amplicons could derive from mesophilic
descendants of ancient thermophiles, or are remnant DNA fragments
trapped and protected in vitreous inclusions in the coal. Further work
is required to distinguish between the various possibilities.
In the eastern Australia coal basins many of the ‘sweet spots’ for
CBM production appear to be related to regions with secondary
biogenic gas generation. Further coal and formation water samples
collected from these regions are being studied in detail to determine
the mechanisms of secondary biogenic gas generation.
Acknowledgements
The authors thank Ms. Denise Lewy for her early work on this
project. We also acknowledge BHP Billiton (Illawarra), AGL Energy,
Maddingly Brown Coal, and Origin Energy for providing coal and
water samples for this study.
References
Achenbach-Richter, L., Stetter, K.O., Woese, C.R., 1987. A possible biochemical missing
link among archaebacteria. Nature 327, 348–349.

24

D. Li et al. / International Journal of Coal Geology 76 (2008) 14–24

Akasaka, H., Izawa, T., Ueki, K., Ueki, A., 2003. Phylogeny of numerically abundant
culturable anaerobic bacteria associated with degradation of rice plant residue in
Japanese paddy ﬁeld soil. Federation of European Micrbiological Societies
Microbiological Ecology 43, 149–161.
Baker, G.C., Smith, J.J., Cowan, D.A., 2003. Review and re-analysis of domain-speciﬁc 16S
primers. Journal of Microbiological Methods 55, 541–555.
Beeder, J., Nilsen, R.K., Rosnes, J.T., Torsvik, T., Lien, T., 1994. Archaeoglobus fulgidus
isolated from hot north sea oil ﬁeld waters. Applied and Environmental
Microbiology 60, 1227–1231.
Boreham, C., Draper, J., Hope, J., 2004. Origin of Jurassic coal seam gas, SE Queensland.
21st Annual Meeting of the Society for Organic Petrologists, Sydney, NSW, Australia,
pp. 33–35. 26 September–1 October (2004).
Dedysh, S.N., Khmelenina, V.N., Suzina, N., Trotsenko, Y.A., Semrau, J.D., Liesack, W.,
Tiedje, J.M., 2002. Methylocapsa acidiphila gen. nov., sp. nov., a novel methaneoxidizing and dinitrogen-ﬁxing acidophilic bacterium from Sphagnum bog.
International Journal of Systematic and Evolutionary Microbiology 52, 251–261.
Dimitriu, P.A., Shukla, S.K., Conradt, J., Marquez, M.C., Ventosa, A., Maglia, A., Peyton, B.M.,
Pinkart, H.C., Mormile, M.R., 2005. Nitrincola lacisaponensis gen nov., sp. nov., a novel
alkaliphilic bacterium isolated from an alkaline, saline lake. International Journal of
Systematic and Evolutionary Microbiology 55, 2273–2278.
Faiz, M., Stalker, L., Sherwood, N., Saghaﬁ, A., Wold, M., Barclay, S., Choudhury, J., Barker,
W., Wang, I., 2003. Bio-enhancement of coal bed methane resources in the southern
Sydney Basin. Journal of the Australian Petroleum Production and Exploration
Association 43, 595–610.
Faiz, M.M., Hendry, P., 2006. Signiﬁcance of microbial activity in Australian coal bed
methane reservoirs — a review. Bulletin of Canadian Petroleum Geology 54, 261–272.
Francis, A.J., Dodge, C.J., 1988. Anaerobic microbial dissolution of transition and heavy
metal oxides. Applied and Environmental Microbiology 54, 1009–1014.
Fruhling, A., Schumann, P., Hippe, H., Straubler, B., Stackebrandt, E., 2002. Exiguobacterium undae sp. nov. and Exiguobacterium antarcticum sp. nov. International
Journal of Systematic and Evolutionary Microbiology 52, 1171–1176.
Fukui, T., Atomi, H., Kanai, T., Matsumi, R., Fujiwara, S., Imanaka, T., 2005. Complete
genome sequence of the hyperthermophilic archaeon Thermococcus kodakaraensis
KOD1 and comparison with Pyrococcus genomes. Genome Research 15, 352–363.
Games, L.M., Hayes, J.M., 1978. Methane-producing bacteria: natural fractionations of
stable isotopes. Geochimica et Cosmochimica Acta, 42, 1295–1297.
Gilardi, G.L., 1967. Morphological and biochemical characteristics of Aeromonas punctata
(hydrophila, liquefaciens) isolated from human sources. Applied and Environmental Microbiology 15, 417–421.
Gorody, A.W., 1999. The origin of natural gas in the Tertiary coal seams on the eastern
margin of the Powder River Basin. In: Miller, W.R. (Ed.), Coalbed Methane and the
Tertiary Geology of the Powder River Basin. Wyoming Geological Association, 50th
Annual Field Conference Guidebook, pp. 89–101.
Heylen, K., Vanparys, B., Wittebolle, L., Verstraete, W., Boon, N., De Vos, P., 2006.
Cultivation of denitrifying bacteria: optimization of isolation conditions and
diversity study. Applied and Environmental Microbiology 72, 2637–2643.
Hollibaugh, J.T., Budinoff, C., Hollibaugh, R.A., Ransom, B., Bano, N., 2006. Sulﬁde
oxidation coupled to arsenate reduction by a diverse microbial community in a soda
lake. Applied and Environmental Microbiology 72, 2043–2049.
Hurek, T., Reinhold-Hurek, B., 1995. Identiﬁcation of grass-associated and toluenedegrading diazotrophs, Azoarcus spp., by analyses of partial 16S ribosomal DNA
sequences. Applied and Environmental Microbiology 61, 2257–2261.
Hurek, T., Wagner, B., Reinhold-Hurek, B., 1997. Identiﬁcation of N2-ﬁxing plant- and
fungus-associated Azoarcus species by PCR-based genomic ﬁngerprints. Applied
and Environmental Microbiology 63, 4331–4339.
Jenden, P.D., Kaplan, I.R., 1986. Comparison of microbial gases from the Middle America
Trench and Scripps Submarine Canyon: implications for the origin of natural gas.
Applied Geochemistry 1, 631–646.
Kelly, D.P., Wood, A.P., 2005. Thiomonas, 2nd Edition. Bergey's Manual of Systematic
Bacteriology, vol. 2. Springer Science, New York, pp. 757–759. Part C.
Kumar, S., Tamura, K., Nei, M., 2004. MEGA 3; integrated software for molecular
evolutionary sequence analysis and sequence alignment. Brieﬁngs in Bioinformatics 5, 150–163.
Kusel, K., Dorsch, T., Acker, G., Stackebrandt, E., Drake, H.L., 2000. Clostridium
scatalogenes strain SL1 isolated as an acetogenic bacterium from acidic sediments.
International Journal of Systematic Bacteriology 50, 537–546.
Lapaglia, C., Hartzell, P., 1997. Stress-induced production of bioﬁlm in the hyperthermophile Archaeoglobus fulgidus. Applied and Environmental Microbiology 63,
3158–3163.
Lopez, L., Pozo, C., Rodelas, B., Calvo, C., Juarez, B., Martinez-Toledo, M.V., GonzalezLopez, J., 2005. Identiﬁcation of bacteria isolated from an oligotrophic lake with
pesticide removal capacities. Ecotoxicology 14, 299–312.

Lu, J-J., Perng, C-L., Lee, S-Y., Wan, C-C., 2000. Use of PCR with universal primers and
restriction endonuclease digestions for detection and identiﬁcation of common
bacterial pathogens in cerebrospinal ﬂuid. Journal of Clinical Microbiology 38,
2076–2080.
Machnikowska, H., Pawelec, K., Podgórska, A., 2002. Microbial degradation of low rank
coals. Fuel Processing Technology 77–78, 17–23.
Mechichi, T., Stackebrandt, E., Gad'on, N., Fuchs, G., 2002. Phylogenetic and metabolic
diversity of bacteria degrading aromatic compounds under devitrifying conditions,
and description of Thauera phenylacetica sp. nov., Thauera aminoaromatica sp. nov.,
and Azoarcus buckelii sp. nov. Archives of Microbiology 178, 26–35.
Min, B., Cheng, S., Logan, B.E., 2005. Electricity generation using membrane and salt
bridge microbial fuel cells. Water Research 39, 1675–1686.
Okabe, S., Ito, T., Satoh, H., 2003. Sulfate-reducing bacterial community structure and
their contribution to carbon mineralization in a wastewater bioﬁlm growing under
microaerophilic conditions. Applied Microbiology and Biotechnology 63, 322–334.
Okubo, Y., Futamata, H., Hiraishi, A., 2006. Characterization of phototrophic purple
nonsulfur bacteria forming colored microbial mats in a swine wastewater ditch.
Applied and Environmental Microbiology 72, 6225–6233.
Pitt, T.L., Malnick, H., Shah, J., Chattaway, M.A., Keys, C.J., Cooke, F.J., Shah, H.N., 2007.
Characterisation of Exiguobacterium aurantiacum isolates from blood cultures of six
patients. Clinical Microbiology and Infection 13, 946–948.
Ravot, G., Magot, M., Fardeau, M.L., Patel, B.K.C., Thomas, P., Garcia, J.L., Ollivier, B., 1999.
Fusibacter paucivorans gen. nov., sp. nov., an anaerobic, thiosulfate-reducing bacterium
from an oil-producing well. International Journal of Systematic Bacteriology 49,
1141–1147.
Reed, D.W., Hartzell, P.L., 1999. The Archaeoglobus fulgidus D-lactate dehydrogenase is a
Zn2+ ﬂavoprotein. Journal of Bacteriology 181, 7580–7587.
Reinhold-Hurek, B., Hurek, T., 2000. Reassessment of the taxonomic structure of the
diazotrophic genus Azoarcus sensu lato and description of three new genera and
new species, Azovibrio restrictus gen. nov., sp. nov., Azospira oryzae gen. nov., sp.
nov. and Azonexus fungiphilus gen. nov., sp. nov. International Journal of Systematic
and Evolutionary Microbiology 50, 649–659.
Rice, D.D., 1993. Composition and origins of coalbed gas. In: Law, B.E., Rice, D.D. (Eds.),
Hydrocarbons from Coal. . Studies in Geology, vol. 38. American Association of
Petroleum Geologists, Tulsa, pp. 159–184.
Rodrigues, D.F., Goris, J., Vishnivetskaya, T., Gilichinsky, D., Thomashow, M.F., Tiedje, J.M.,
2006. Characterization of Exiguobacterium amplicons from the Siberian permafrost.
Description of Exiguobacterium sibiricum sp. nov. Extremophiles 10, 285–294.
Sambrook, K.J., Fritsch, E.F., Maniatis, T. (Eds.), 1989. Molecular Cloning a Laboratory
Guide, 2nd Edition. Cold Spring Harbor Laboratory Press. 999p.
Shimizu, S., Akiyama, M., Naganuma, T., Fujioka, M., Nako, M., Ishijima, Y., 2007.
Molecular characterization of microbial communities in deep coal seam groundwater of northern Japan. Geobiology 5, 423–433.
Smith, J.W., Gould, K.W., Hart, G., Rigby, D., 1985. Isotopic studies of Australian natural
and coal seam gases. Proceedings of the Australasian Institute of Mining and
Metallurgy 290 (6), 42–51.
Snaidr, J., Amann, R., Huber, I., Ludwig, W., Schleifer, K.H., 1997. Phylogenetic analysis
and in situ identiﬁcation of bacteria in activated sludge. Applied and Environmental
Microbiology 63, 2884–2896.
Standards Association of Australia, 1998. Australian Standards AS2856.2: Coal Maceral
Analyses. Standards Association of Australia, Sydney. 22p.
Standards Association of Australia, 2000. Australian Standards AS2456.3: Microscopical
Determination of the Reﬂectance of Coal Macerals. Standards Association of
Australia, Sydney. 20p.
Stetter, K.O., Huber, R., Blochl, E., Kurr, M., Eden, R.D., Fielder, M., Cash, H., Vance, I., 1993.
Hyperthermophilic archaea are thriving in deep North Sea and Alaskan oil
reservoirs. Nature 365, 743–745.
Vandamme, P., Dewhirst, F.E., Paster, B.J., On, S.L.W., 2005. Arcobacter, 2nd Edition.
Bergey's Manual of Systematic Bacteriology, vol. 2. Springer Science, New York,
pp. 1161–1163. Part C.
vanden Hoven, R.N., Santini, J.M., 2004. Arsenite oxidation by the heterotroph Hydrogenophaga sp. str. NT-14: the arsenite oxidase and its physiological electron
acceptor. Biochimica et Biophysica Acta — Bioenergetics 1656, 148–155.
Whiticar, M.J., Faber, E., Schoell, M., 1986. Biogenic methane formation in marine and
freshwater environments: CO2 reduction vs acetate fermentation — isotope
evidence. Geochimica et Cosmochima Acta 50, 693–709.
Willems, B., Goor, P., Falsen, J., Hoste, G., Kersters, A., De Ley, 2005. Bergey's manual of
systematic bacteriology. Hydrogenophaga, pp. 710–716.
Yeates, C., Gillings, M., Davison, A., Altavilla, N., Veal, D., 1998. Methods for microbial
DNA extraction from soil for PCR ampliﬁcation. Biological Procedures Online 1,
40–47.

Talinga Development Source Water and Permeate Characterisation Report

Attachment 3 – NORMS Survey (Australian Radiation Services)

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

Australia Pacific LNG ABN 68 001 646 331 • Level 3, 135 Coronation Drive Milton QLD 4064
GPO Box 148, Brisbane QLD 4001 • Telephone 07 3858 0600 • Facsimile 07 3369 7840 • originenergy.com.au
Page 36 of 36

Radiological survey of Coal Seam Gas operations for NORM

Origin Energy Australia Ltd., Queensland

February 2010

Document Record
Title

Radiological survey of Coal Seam Gas Operations for NORM

Client

Origin Energy Australia Ltd., Queensland

Confidentiality, copyright and
reproduction

This document has been prepared by Australian Radiation Services
Pty. Ltd. in accordance with a contract to supply goods and/or
services and is submitted solely for the use of the authorised
recipient. The contents must not be disclosed to third parties other
than in accordance with the terms of the contract.

Disclaimer

Some of the information included in this report is based on site visit
Origin coal seam gas operations and information provided by staff at
each site. It is assumed that any information provided by various
parties is true and correct. Australian Radiation Services Pty. Ltd.
has taken every effort to ensure that the information contained in this
document is correct and that estimates, conclusions, or
recommendations are reasonably established and based on sound
scientific judgment.

File references

ARS Job No.: 10-1562

Report status

Final

Company details

Australian Radiation Services Pty. Ltd.
22 King Street, Blackburn, Victoria, 3130
Telephone: +61 3 9877 4898
Facsimile: +61 3 9877 8272
E-mail:
info@australian-radiation-services.com.au
Name

Signature

Date

Authors

Darren Billingsley
Senior Health Physicist

10 March 2010

Reviewed by

Michael Bernardo
Health Physicist

3 March 2010

Dr. Joseph G. Young
Principal Consultant Health Physicist

3 March 2010

Approved by

Table of Contents
1.0

Introduction ..................................................................................................................................... 1

2.0

Scope of work ................................................................................................................................. 1

3.0

Site details ...................................................................................................................................... 1

4.0

Natural background radiation levels in Australia ............................................................................... 1

5.0

Radiation monitoring equipment ...................................................................................................... 2

6.0

Methodology ................................................................................................................................... 3

6.1

Testing protocol ............................................................................................................................ 3

6.2

Background measurements .......................................................................................................... 3

6.3

Count-rate survey ......................................................................................................................... 3

6.4

Dose rate survey .......................................................................................................................... 4

6.5

Contamination measurements ...................................................................................................... 4

6.6

Sample analysis ........................................................................................................................... 5

7.0

Results ............................................................................................................................................ 6

7.1

External survey............................................................................................................................. 6

7.2

Internal contamination measurements........................................................................................... 6

7.3

Sample analysis ........................................................................................................................... 6

8.0

Discussion....................................................................................................................................... 6

9.0

Conclusions .................................................................................................................................... 7

10.0

Recommendations .......................................................................................................................... 7

Reference .................................................................................................................................................... 7
Appendix A:

NORM in the ‘conventional’ gas industry ............................................................................... 8

Appendix B:

External radiological survey results – February 2010 ............................................................. 9

Appendix C:

Radioactivity analysis report – February 2010 ......................................................................12

Index of Tables
Table 1:

Radiation monitoring equipment – February 2010. ...................................................................... 2

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 22nd
and 24th 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.

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

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 22nd and 24th 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
40
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 µSv∙h-1 averaged
-1
over the year. Typical background dose rates can vary from ~0.05 to ~0.15 µSv∙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
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radionuclides of several elements, which decay in succession until stable lead is formed. In addition,
40
radioactive potassium, K, is present with stable potassium, which is a common element in the Earth’s crust.
40
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
(222Rn) from the decay of 226Ra from the 238U 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).

Exploranium GR-130

9676

Thermo 1A with DP2R/4A
probe

3512/10650

HPI Cypher 5000 with 5505
PGM probe

501129/1124

Mode/Radiation Type

Measurement units

Survey mode (gamma)

cps

Dosemeter mode (gamma)

nSv∙h-1

Alpha

cps

Beta

cps

Alpha, Beta and Gamma

cps

a

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 NaI 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:
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The GR-130 instrument has been calibrated in terms of ambient dose equivalent rate and has a resolution of
-1
0.001 µSv·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-1). The ability of the GR-130 meter to measure very low, background radiation levels means
that readings are displayed in nSv·h-1. However, for the purpose of this report, all measurements are
reported in µSv·h-1, the standard unit for reporting occupational dose rates (1000 nSv = 1 µSv).
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 GR-130 meter are in the range 50 – 120 cps, and typical dose rates vary between 0.05 and
-1
0.15 µSv·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).
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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:
6.4

External survey of field well in Talinga region – February 2010.

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.
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Figure 3:

6.6

Contamination monitoring of spool – February 2010.

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 uranium238 (as thorium-234), radium-226, lead-210, radium-228 and thorium-228, and other detectable natural
radionuclides.
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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.
Item

Spring Gully Gas plant
Background
Scrap valve
Talinga site
Background
Removed spool from tie-in sales gas line
Old Talinga well water line
Old Talinga well gas line

7.3

Electra 1A /
DP2R/4A
alpha
(cps)

Electra 1A /
DP2R/4A
beta
(cps)

HPI Cypher /
PGM
(cps)

<0.1
<0.1

1.8 ± 0.1
1.2 ± 0.1

0.6 ± 0.1
0.3 ± 0.1

<0.1
<0.1
0.0
<0.1

2.3 ± 0.1
2.3 ± 0.1
1.5 ± 0.4
1.8 ± 0.1

0.7 ± 0.1
0.6 ± 0.1
0.7 ± 0.1
0.5 ± 0.1

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
-1
-1
radium-226 concentrations identified from both samples (0.021 Bq·g and 0.061 Bq·g ) are consistent with
-1
this worldwide natural soil radioactivity range of 0.017-0.060 Bq∙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.
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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
210
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, Rn222), 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.



Ra226 and Ra228 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 Ionising 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 temperature, pressure
226
and chemical conditions, formation water contains the radium radioisotopes radium-226 ( Ra) and radium228
228 ( Ra).
Radon gas (222Rn) is generated in the reservoir rock through the decay of 226Ra. 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 (210Pb) within 25 days. 210Pb undergoes further decay to the other short-lived
210
210
210
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 210Pb is present on the internal surfaces.
The extent of mobilisation of 226Ra and 228Ra 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
GR-130 survey data
(counts per second)

Exploranium GR-130
external dose rate
-1
(µSvh )

Taloona Gas Plant (22/2/10)
Background (gas plant entrance)

40 ± 5

Inlet risers
Inlet separators

20 - 40
20 - 35

0.024 ± 0.005
-

Raw water inlet from separators
Flare controller
Suction header

25 - 45
20 – 35
25 – 45

-

K3 Compressor (online)
- inside

10 – 25

-

20 - 40

-

Item Description

- outside
K2 Compressor (offline 5 days)
- inside

10 – 25

-

- outside
K1 Compressor (online)
- inside

20 – 35

-

15 – 30

-

- outside
Fuel gas skid 2 (online)

10 – 30
25 - 45

-

Fuel gas skid 1 (offline)
Glycol skid 1
Particulate filters from Glycol skids

20 – 45
10 - 25
30 - 45

0.010 – 0.035
0.020 – 0.035

Dehydration skid, ground
Dehydration skid, upper
TEG contactor (base)

10 – 20
15 - 25
15 – 35

-

Sales gas line/skid
Strathblane Gas Plant (22/2/10)
Background (gas plant entrance)

30 – 60*

0.030 – 0.045

95 ± 5

0.059 ± 0.009

Inlet risers
Inlet separators

40 – 80
30 – 50

-

Raw water inlet from separators
Flare controller
Suction header

45 – 80
35 – 55
20 – 80*

-

10 - 30

-

K1 Compressor (online)
- inside
- outside
K2 Compressor (online)
- inside

40 - 70

-

10 – 30

-

- outside
- suction line inlet
- soil, beside compressor

30 – 80
25 - 40
110 ± 5*

0.068 ± 0.008

K3 Compressor (offline 1 day )
- inside

10 – 25

-

45 – 70
25 - 30

-

- outside
- suction line inlet
Fuel gas skid 2 (online)
Fuel gas skid 1 (offline)
Glycol skid (TEG regeneration)
Dehydration skid, ground

20 - 50
10 – 35

0.017 ± 0.007
-

Dehydration skid, upper
TEG contactor (base)

25 – 45
25 - 45

-

Degasser drum
Produce water pumps skid
Sales gas line

25 – 45
25 - 35
40 – 80*

-

Spring Gully Gas Plant (22/2/10)
Background (gas plant entrance)

70 ± 10

0.040 ± 0.002
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Exploranium
GR-130 survey data
(counts per second)
30 - 60
30 – 45
40 - 60

Exploranium GR-130
external dose rate
-1
(µSvh )
-

Flare controller
Suction header

30 - 45
35 - 60

0.027 ± 0.004
-

K4 Compressor (offline)
- inside
- outside

10 – 40
30 – 65

-

K3 Compressor (online)
- inside
- outside

10 – 35
25 – 50

-

- suction line
K2 Compressor (online)

20 - 35

-

- inside
- outside
Fuel gas heater skid 1

10 – 20
35 - 55
40 - 60

0.035 ± 0.007

Glycol skid (TEG regeneration)
Dehydration skid 2, ground
Dehydration skid 2, upper

20 - 40
20 – 35
20 – 35

-

TEG contactor (base)
Sales gas line/skid

30 – 45
35 - 60

-

Item Description
Inlet risers
Inlet separators
Raw water inlet from separators

Spring Gully field wells (23/2/10)
Well SG10 (operating, high gas rate)
Background

90 ± 5

-

Well
Well DM3 (operating, high gas rate)
Background

40 - 75

-

80 ± 5

-

Well
Well DM42 (operating, high water rate)
Background

35 - 65

-

70 ± 5

-

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
Reverse osmosis skid A (online)

15 – 35
20 – 35

-

CIP-to-filtrate tank area
RO feed filter
Talinga Gas Plant (24/2/10)
Background (gas plant entrance)

20 – 40
20 - 30

-

80 ± 5

0.053 ± 0.005

Inlet risers
Silt traps

55 – 80
40 - 70

-

Suction header
Screw compressor 7 (online)

45 - 75

-

- inlet/outlet
- oil and gas scrubbers
Screw compressor 4 (offline 2 days)

50 – 65
20 - 45

-

- inlet/outlet
- oil and gas scrubbers

45 - 75
20 - 40

-
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Exploranium
GR-130 survey data
(counts per second)

Exploranium GR-130
external dose rate
-1
(µSvh )

45 – 80*
15 - 35

-

We gas line collection point
Reciprocating compressor 1 (offline 1 hour)

55 – 85*

-

- inlet/outlet
- skid
Wet gas sales pipeline

45 - 65
15 - 30
55 – 95*

-

Glycol skid, ground
Glycol skid, upper
TEG filter skid 2, ground

50 - 65
35 - 55
15 – 40

-

TEG filter skid 2, upper
Sales gas line/skid

25 - 40
45 – 70

-

Pigging pipeline
Talinga field wells (24/2/10)
Well Talinga 9 (operating)
Background

55 - 75

-

Item Description
Screw compressor 1 (online)
- inlet/outlet
- oil and gas scrubbers

85 ± 10

0.076 ± 0.017

Well
Well Talinga 22 (operating)
Background

45 - 85

-

70 ± 5

-

Well

35 - 75

-

Well Talinga 39 (operating, high flow)
Background
Well
Well Talinga 18 (operating, free flowing
and minimal gas)
Background
Well
Well Talinga 13 (shut in)
Background

75 ± 5

-

45 - 70

-

80 ± 10

0.056 ± 0.008

55 - 80

-

85 ± 10

-

Well
Well Talinga 12 (operating)
Background

55 - 70

-

80 ± 5

Well
Well Talinga 10 (shut in)
Background

55 - 75

-

Well

60 - 80

80 ± 5

-

Talinga RO plant (temporary)
Background

80 ± 5

Micro filtration system

35 - 50

-

Filtrate water tanks
Reverse osmosis
Permeate/Service water tanks and waste

40 - 70
35 - 60
45 - 75

-

* elevated levels due to underlying soils only
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Appendix C:

Radioactivity analysis report – February 2010

To:

Origin Energy Resources Ltd.
339 Coronation Drive
Milton QLD 4064

Contact:

Mr. Oskar Jarvie

Report No.:

10-1562-R1

Sample description:

Water, sludge and scale samples

Number of samples:

Four

Submission date:

1st March 2010

Analysis required:

Determination of the activity of naturally-occurring radionuclides.

Analytical method:

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

AUSTRALIAN RADIATION SERVICES PTY. LTD.

Report prepared by:

Mr. Michael Gilhen
Health Physicist

Reviewed by:

Dr. Malcolm Cooper
Signed:
Consultant Environmental Scientist

Date:

10th May 2010
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Results:
Radioactivity Concentrations (Solids - Bq.g-1; Liquids - Bq•L-1)
Note:
a) Radioactivity concentrations are expressed in becquerel (Bq) 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)

Radionuclide

Talinga RO Plant
Water
(Bq·L-1)

Spring Gully RO
Plant water
(Bq·L-1)

Condabri coal fines
-1
(Bq·g )

DM10 Scale
-1
(Bq·g )

(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

Not determined

0.48 ± 0.05

< 0.04

Other naturally-occurring radionuclides
Potassium-40
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1.

Introduction

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.
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 29th 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.

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:
 Summarise the legislative background and current government policy stance
relevant to this issue
 Provide current forecasts for quantities of saline effluent to be generated across the
Project sites
 Document the chosen waste management approach including the design and
operation of saline effluent evaporation ponds (also referred to as brine ponds)
 Discuss a range of options being considered and investigated for optimisation of
saline effluent management
 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
 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
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waste whilst the Environmental Protection (Waste Management) Regulation 2000 (the
Regulation) contains the requirements for handling specific waste streams.
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.

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

7

Saline Effluent Management Plan

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:


Treatment of CSG water



Evaporation dams for CSG water disposal



Standard design for aggregation and brine storage dams



CSG water management plan



Remediation action for existing evaporation dams



Transitional arrangements for existing evaporation dams.



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.

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.
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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
Capacity

Predicted Recovery
Rate

ML/d
Reedy Creek WTF

40

Maximum saline
effluent flow rate
ML/d

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 (Na2CO3) and sodium bicarbonate (NaHCO3). 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

pH

Value
8.8

Temperature

o

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

Optimisation



Beneficial re-use of treated CSG water to Australia Pacific LNG owned irrigation.



Beneficial re-use of water in construction and operation activity of the Project.



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



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



Interim and contingent discharge of treated CSG water to watercourses.



Injection in areas where suitable receptor aquifers identified.
feasibility to determine through a structured program of trials.



Aggregation and management of treated CSG water in conjunction with other producers
and suppliers.
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Saline Effluent Management
Base Case



Encapsulation of solid salts in a suitable licensed regulated waste disposal facility

Optimisation



Brine concentration / salt crystallisation for high value sale or transport



Reinjection into coals or low value geological strata



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
3.3 salt 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.
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:


Reliability



Known technology and science



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



Considerable capital costs for full scale development



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.
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

Solar Radiation

Precipitation

Evaporation

Extreme maximum

44.5°C

Extreme Minimum

-5.0°C

Maximum daily solar exposure

33 MJ/m

Minimum Daily Solar Exposure

4 MJ/m2

Mean Daily solar exposure

19.6 MJ/m2

Mean in 24 hours

1.6 mm

Extreme in 24 hours

174 mm

Mean

6.9 mm/day

Maximum

19.4 mm/day

Minimum

0.2 mm/day

2

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)



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



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



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



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


Saline effluent flows from the WTF



Weather inputs to the system based on historical records



Concentration of salts as evaporation and ongoing inflow occurs



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
Existing
2010
2011
2012
2013
2014
2015
Peak

5.4

Geotechnical design criteria

5.4.1

Geotechnical investigation

Pond base area (ha)
0
80
120
180
420

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:


Subsurface profile including the soil / rock interface



Groundwater levels



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



Zoned earth fills.

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


The ability to construct an adequately safe structure



Availability of materials



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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Steady state seepage at full reservoir level:



End of construction conditions;



Rapid drawdown; and



Maximum Design Earthquake events.

5.5

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:


UV protection



Maximum permeability of liner 10-12 m/sec (based on the ASTM test method D4716)



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.
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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6.3

Instrumentation

Instrumentation for the brine ponds will include but not be limited to the following:


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;



Downstream groundwater monitoring bores;



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



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 hydrogeological environment by;


Confirming potential pathways for any contamination from facilities,



Collecting baseline information on groundwater levels and groundwater quality,



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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7.

Final Salt Disposal

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.
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.
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:


Potential for flooding



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



Proximity to boundaries with other properties

The closest operating regulated waste disposal facility in lpswich 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 a third 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:


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



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:


The cost and complexity of the process



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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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



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



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:


The elimination of all or part of the solid waste stream



Potential for further value adding project opportunities

Potential disadvantages to commercial salts sales are:


9.3

Potential for uncertainty of market conditions for salt products
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
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Returns salts to a similar place from where they came



Surface level disturbance minimal



Comparably low energy

Potential disadvantages to the reinjection option are:


Availability of suitable formations



Need to establish the level of connectivity of target formation



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:


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



Carbonate and bicarbonate content considered potentially beneficial for marine
ecosystems



Opportunities for collaboration with other CSG proponents

Potential disadvantages to the ocean release pipeline option are:


Potential for durability issues with pipeline material
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9.5



Lead time for securing pipeline corridor and construction



Community environmental concerns with ocean discharge
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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10.

Risk Assessment

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
hazard

Possible causes

Possible consequences

Proposed controls

Pond
overtopping

Unprecedented
wet periods

Operational capacity reduced
due to insufficient storage
available

Ponds to be designed and constructed
with adequate “design storage
allowance”

Major liner
failure

Construction
incident,
response to
operating
conditions

Contamination of nearby
groundwater bodies

Commissioning stage integrity check.
Online leak detection system through
operation stage.

Bund structural
failure

Piping due to
minor leak,
downslope
erosion /
disturbance

Downstream property damage

Diligence in design and construction
supervision,
regular thorough maintenance and
monitoring inspection

Overflow due to
excessive
process flows

Pumped flows not
properly
distributed

Land contamination around
the pond

High level alarms / pump cut out

Drowning of
Personnel

Slippage on
embankment

Death by drowning

Procedural requirement for min 2 staff in
pond area
Maintain rescue equipment close to
ponds
Maintain rope ladders
Restrict personnel

Drowning of
Fauna

Fauna accessing
pond area

Loss of livestock to
neighbours,
undue impacts to wildlife
populations

Maintain fencing

Secondary
salinity

Windborne
effluent carried
beyond the bund

Salinity buildup in the area
with subsequent habitat
impacts

Minimise agitation of pond surface
Maintain required freeboard
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:


Engineering and operational risk reduction strategies;



Incident management; and



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.

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

40

Saline Effluent Management Plan

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.
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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;



Structural degradation of bund observed;



Water level reaches Mandatory Reporting Level; and



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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Table 12.1- Register of proposed brine ponds for Combabula
Site

Name

Base
area
(ha)

Max
Vol
(ML)

Max
depth
(m)

Use of Pond

Reedy Creek

Proposed pond 1

7.1

272

5.75

Storage of saline
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 1a

6.8

260

5.75

Storage of saline
backwash effluent

Reedy Creek

Proposed pond 10

2.8

107

5.75

Storage of saline effluent

2014

Reedy Creek

Proposed pond 11

14.4

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

Construction
date
/

/

2012

2014

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

Ground water bores and
Piezometers

Quarterly

Report to be included with annual return
plus incident report on significant
excursions from background level

Environmental
hydrogeology specialists

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

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

Monitoring requirements

Inspection requirements
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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:


Daily pond level



Site weather station data – rainfall, temperature and evaporation



Weekly pond salinity



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



Flushing the drainage network



Inlet works maintenance



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:


Pond seepage detected



Structural degradation of bund observed



Water level reaches Mandatory Reporting Level



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

Project Name

Volume
CSG water

of

(ML)

Average TDS

Mass of TDS

(g/L)

(T)

APLNG

882,233

5.0

4,297,683

QCLNG

1,445,765

3.6

5,204,754

375,585

2.0

751,170

GLNG

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.

Figure 14.1- Continuous improvement cycle
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Crisis and Emergency Management
1.

Directive

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:
meet the requirements explained in this Directive and participate in any
necessary training; and
familiarise themselves with relevant site emergency response and evacuation
requirements.
Supervisors and Managers must:
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
observe the activities they control and regularly check that they conform to this
Directive.
General Managers must:
demonstrate commitment to emergency and crisis preparedness by
understanding and implementing this Directive;
establish and implement a group emergency management plan for the business
unit;
reinforce their people’s expectations about being prepared for emergencies and
crises to ensure they conform with this Directive; and
communicate our expectations of business continuity and disaster recovery plan
requirements, development and implementation.
The Chief Risk Officer must:
establish and implement our emergency response framework;
implement an audit process to review, update and test emergency response,
crisis management, business continuity and disaster recovery; and
provide training to ensure our people are able to follow the crisis and emergency
management Directive.
The Emergency Team Leader must:
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

Directive

In any crisis or emergency our priorities are to:
ensure the safety of all our people, relevant contractors and any public
associated with, or affected by our operations and our activities;
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
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
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Figure 1: Emergency Response Framework
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3.3

Directive

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:
means by which emergency responses are initiated;
definitions of key roles and their responsibilities in an emergency
response;
descriptions of facilities and equipment required to coordinate an
emergency response;
a key contacts directory, which is reviewed and updated every quarter;
the criteria for escalating an emergency and the means by which the
group emergency management plan is initiated;
typical emergency scenarios and guidelines for responding to them;
communication and documentation requirements; and
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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The plan must include:
a description of how an emergency response is initiated;
the first response protocol;
criteria for escalating an emergency and how the crisis management
plan is initiated;
definitions of key roles and their responsibilities in an emergency
response;
communication and documentation requirements;
a list of the facilities and equipment required to coordinate the
emergency response; and
a key 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.
3.3.3

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:
a description of an established crisis management team, consisting of key
personnel, representative of the organisation as a whole;
criteria for escalating an emergency;
the roles and responsibilities of each crisis management team member;
reporting processes and requirements for internal and external
stakeholders;
a key contacts directory, reviewed and updated quarterly;
communication and documentation requirements;
a list of facilities and equipment required to coordinate the emergency
response;
a process to regularly review and test the plan;
training requirements; and
details of established rooms and conference calls.
There is more information about developing the Crisis Management Plan in the
Crisis Management Plan document.

3.3.4

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:
loss of people;
loss of workplace;

ORG-HSE-DVE-003
Released on August 2010 - Version 1.1
Once printed, this is an uncontrolled document
unless issued and stamped Controlled Copy.

Page 7 of 15

Crisis and Emergency Management

Directive

loss of technology; or
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:
a critical activity list;
key contacts;
technology requirements; and
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:
processes for the declaration of a disaster;
plans for activating the recovery and its ongoing co-ordination;
timeframes for recovering systems, software, data and infrastructure
outlined as dependencies in business continuity plans; and
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:
be installed in accordance with manufacturer’s instructions and/or relevant
Australian Standards or equivalent;
be readily accessible and within a reasonable distance from the source of the
hazard; and
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:
test the effectiveness of crisis or emergency plans;
validate the competency of key emergency response people;
assess our capability to respond to an emergency;
reinforce prior training; and
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:
simulated emergencies;
practical drills
desktop exercises;
resources and equipment checks; or
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:
are in the facility; or
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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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.

4.

Records
Maintaining appropriate records is an essential part of implementation. The following
records must be retained for five years:
training records;
records of emergency exercises; and
full records of emergency equipment inspections and testing.

5.

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:
the Origin crisis management plan;
consistent training provider; and
one consistent training package.
Group Emergency Management, which includes:
Group Emergency Management Plan template;
consistent training provider; and
one consistent training package.
Site Emergency Response, which includes:
Site Emergency Response Plan template;
consistent competency assessment tool; and
training delivery coordinated and administered within the business unit.
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Deviations
Deviations from the requirements of this directive may only be considered when:
regulatory obligations dictate otherwise;
implementation of the requirement is not technically feasible due to local
conditions; or
the cost of implementing the requirements substantially exceeds the benefits.
To deviate from a Directive, you must:
Specify the implications of implementing the requirement as specified within the
directive.
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 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:
plan development;
exercise schedule;
training and testing completion;
equipment maintenance and testing;
critical function and control testing of emergency equipment and backup power
supplies; and
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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Toolkits
The following materials support the implementation of this directive:
1.
2.
3.
4.
5.
6.
7.
8.
9.

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
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Definitions
Refer to glossary database on source
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Incident Management
1.

Directive

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:
people
the environment
property
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:
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.

investigation, including:

2.2

o

participating in investigations

o

communicating the lessons learned to relevant internal parties.

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:
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

o

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

o

preserving material that may be required by an incident investigation

o

ensuring that incidents are accurately recorded in the OCIS

o

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

o

creating Incident Alerts for approval

o

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

o

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)

o

reviewing all incidents within their areas of responsibility

o

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

investigation, including:

2.3

o

determining the investigation level required, whether full or basic

o

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

o

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

o

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;

o

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

o

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

o

communicating the lessons learned to relevant internal and external parties.

Functional Managers

Functional Managers are responsible, within their areas of functional responsibility, for:
incident management, including:
o

providing functional support and advice to Line Managers

o

reviewing the actual and potential consequences of reported incidents

o

ensuring the quality and integrity of incident data

o

maintaining an awareness of the overall incident management performance

o

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

o

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

2.4

o

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

o

participating in investigations as required

o

reviewing and advising on the quality of Incident Investigation Reports

o

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

o

communicating the lessons learned to relevant internal and external parties.

Business Unit General Managers

Business Unit General Managers are responsible for:
incident management, including:
o

implementing this directive throughout their Business Unit

o

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

o

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

o

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

o

approving and distributing Incident Alerts

o

approval and sign-off for significant incidents.

investigation, including:
o

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

o

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.

o

recommending to the Chief Risk Officer if an extension of time is required in which
to complete the incident investigation

o

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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Chief Risk Officer

The Chief Risk Officer is responsible for:
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.

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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Requirements

There are six stages in the incident management process:
Stage 1 – Response and notification
Stage 2 – Incident recording
Stage 3 – Incident investigation
Stage 4 – Corrective and preventive actions
Stage 5 – Incident sign-off
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:
provide containment and safeguard life, property and assets
stop the activity and make the area safe
provide or initiate medical care as required
advise your Supervisor or Line Manager
initiate the Emergency Response Plan as required
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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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
Incident

Individual

Severity

Line Manager

Business Unit
General Manager

BU Executive
GM
Managing
Director

Significant
incidents

Immediate to
Supervisor or
Line Manager

Immediate to
FM, BU GM

Immediate to BU
EGM, CRO, GpMgr
HSE, and GC

Serious
incidents

Immediate to
Supervisor or
Line Manager

Within 24 hours
to FM and BU
GM

Within 24 hours
to GpMgr HSE,
CRO and GC

All other
incidents

Immediate to
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:
the injury or illness must be classified in accordance with Origin’s injury and illness
classifications in Appendix C
the Workers’ Compensation Manager must be notified (if the case is compensable or there is
potential for a claim to be lodged)
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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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:
jurisdiction
incident type(s) (see Appendix B)
injury or illness classification (see Appendix C)
actual and potential consequence(s)
full details for each identified incident type
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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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
consequence

Actual

Potential

6
5
4
3
2

Minimum Investigation Level
Significant incidents
Full Investigation
Serious incidents
Investigation level
discretionary for GM
Other incidents
Basic Investigation

1

3.3.2

Investigation procedure

The Incident Investigation Procedure provides detail of the:
mandatory investigation methodology
accountabilities of and competencies required within the investigation team
accountabilities for review, approval and distribution of investigation findings.
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Investigation action timeframes

Table 2 – Conduct of investigations
Incident

Investigation

severity

level

Significant

Full

incidents

Serious

Discretionary

incidents

Full
(see above)
Basic
(see below)

Line Manager or
Functional
Manager

Business Unit
General
Manager

Investigation
completed within
30 days by
independent
investigator
appointed in
consultation with
General Counsel.

Within 1 working
day of receipt,
review
investigation report
and forward to
Business Unit
General Manager
and General
Counsel.

Review and
approve
investigation
report and send
copy to CRO
within 1 working
day of receipt.

Full: Investigation
completed within
30 days by
appropriately
trained
investigator

Review and approve
investigation report
within 2 working
days of receipt.

Investigation
team

Chief Risk
Officer
Independent
review of
the report.

Present report
to ORC at next
meeting.

Basic: see below
All other

Basic

incidents

3.3.4

Investigation
completed within
14 days by
appropriately
trained
investigator

Review and approve
investigation report
within 4 working
days of receipt.

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:
a clear description of the task
the action creator
the action assignee
the required completion date
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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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:
Significant incidents: Business Unit General Manager or above.
Serious incidents: Line Managers or above.
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.
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.
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.
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.
Significant incidents must be reviewed by the relevant executive governance committee
(e.g. HSE incidents must be reviewed by the Operational Risk Committee).
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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Deviation

Deviations from the requirements of this directive may only be considered when:
regulatory obligations dictate otherwise
implementation of the requirement is not technically feasible due to local conditions
the cost of implementing the requirements substantially exceeds the benefits.
To deviate from a directive, you must:
specify the implications of implementing the requirement as specified within the directive
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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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).

Capacity statement

Case

Consequence
(incident)

A written statement issued by a qualified medical practitioner describing
the administration or application of treatment or remedies to a patient
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.
An injury or an illness.
Actual incident consequence – Real loss incurred in each consequence
category.
Potential incident consequence – The maximum credible consequence if
controls were to fail.

Contractor

Corrective action

Days lost and
restricted duties

An individual, company or other legal entity that carries out work or
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.
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
day of the injury, on which the employee is unable to perform all of their
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.

Employee

An individual who works for Origin on a permanent or casual basis under a
contract of employment.

Functional manager

Manager with specialist expertise in a discipline such as Health and Safety
or Environment.

Incident Alert

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.
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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.
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

Work-related injury or travelling are work related if at the time of the injury or illness the
employee or contractor was engaged in work-related activities. Examples
illness
of these activities include:

Travelling to and from customer contacts
Entertaining or being entertained to transact, discuss or promote
business, provided the entertainment is at the direction of the
employer
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.
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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.

Illness

A physiological harm or loss of capacity produced by:
systematic infection
continued or repeated stress or strain
exposure to toxins, poisons, fumes and so forth
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 noncompliance

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.
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 incident

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.

Property damage

All incidents (such as equipment breakdown or a vehicle incident) with
no potential for injury or spill.

Security threat

Incidents involving a threat to personnel, including assault, bomb
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:
administering a non-prescription medication at non-prescription
strength
vaccination for precautionary purposes only (for example, as part
of travel)
tetanus vaccinations
cleaning, flushing or soaking wounds on the surface of the skin
treatment of superficial burns
using wound coverings such as bandages, band-aids, gauze pads
or butterfly bandages
using hot or cold therapy
using any non-rigid means of support, such as elastic bandages,
wraps or non-rigid back belts

First aid case (FAC)

using temporary immobilising devises while transporting an
accident victim (including splints, slings, collars and back boards)
drilling a fingernail or toenail to relieve pressure, or draining
fluid from a blister where underlying fracture has been excluded;
using eye patches
removing foreign bodies from the eye using only irrigation or a
cotton swab
removing splinters or foreign material from areas other than the
eye by irrigation using finger guards
Hospitalisation for observation only (for example, following
contact with electricity)
x-ray or other diagnostic investigation not resulting in medical
treatment
ECG/MRI/CAT scan with no abnormality identified
Physical examination if no condition is identified or medical
treatment administered
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.
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:
condition where prescription-only medication is prescribed
wounds requiring sutures
using devices with rigid stays or other systems designed to
immobilise parts of the body
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

Medical treatment
case (MTC)

surgical removal of dead skin (surgical debridement)
removal of any embedded foreign bodies from eyes other than by
irrigation (including burring of rust rings)
treatment of fractures
burns exceeding superficial partial thickness
treatment of bruises by drainage
immunisations such as Hepatitis B vaccine or rabies vaccine when
given in the context of an injury
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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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:
Has an illness been clearly diagnosed?
Does it appear that the illness is caused by or mainly caused by,
suspected agents or other conditions at work?
Occupational illness

Are there suspected agents or conditions present in the work
environment?
Has there been exposure to a sufficient degree and/or duration
to cause the illness?
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
(RWC)

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.
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