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Summary 

Leigh Creek Energy plans to produce energy from coal using a process known as in situ gasification 

(ISG) in the Leigh Creek Coalfield in northern South Australia. The ISG process converts coal from 
its solid state into a gaseous form, resulting in the generation of synthesis gas (syngas) containing 

methane, hydrogen and other valuable components. The syngas can be either used to produce 
electricity directly or further refined into a variety of products including synthetic methane and 
ammonia.  

Both locally and internationally ISG is also known as underground coal gasification (UCG), however 
ǘƘŜ ǘŜǊƳǎ Ψƛƴ ǎƛǘǳ ƎŀǎƛŦƛŎŀǘƛƻƴΩ ƻǊ ΨL{DΩ ŀǊŜ ǳǎŜŘ ƛƴ {ƻǳǘƘ !ǳǎǘǊŀƭƛŀ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǇǊƻŎŜǎǎΦ  L{D Ƙŀǎ 

been used in this document to provide consistency with the terminology outlined in the Petroleum 
and Geothermal Energy Act 2000, which is the legislation governing ISG in South Australia. 

To obtain information to inform the design for a potential commercial facility, LCK proposes to 

construct, operate and decommission a small-scale ISG demonstration plant.  This facility will 
involve the construction of an above ground plant (and associated service infrastructure) and the 
establishment of a below ground single ISG gasifier chamber. The demonstration plant would be 

commissioned and operated for a short period (approximately 2-3 months) to produce syngas, so 
that the technical and environmental performance of the process can be confirmed.  The 
demonstration is regulated as an exploration activity under the Petroleum and Geothermal Energy 
Act 2000 and as an exploration activity the syngas produced is unable to be sold for commercial 

use, and will therefore be thermally destroyed on site in a thermal oxidiser as part of the process. 
This Environmental Impact Report has been prepared under the Petroleum and Geothermal 

Energy Act to cover the proposed demonstration plant activities.  

In the simplest ISG configuration, two wells are drilled into a coal seam, one for an inlet well for 
the addition of air and water, and the other for the outlet well for the extraction of syngas.  A 

combination of horizontal and vertical wells will be used for the demonstration plant gasifier to 

create a direct linked system in which the two wells meet. Hydraulic fracturing (fracking), a well 
stimulation technique in which rock is fractured by a pressurised liquid, will not be used to connect 

the inlet and outlet wells. The inlet and outlet well have been designed to meet international 
petroleum industry standards for the pressures, temperatures, operational stresses and loads 
that will occur during operation of the gasifier. 

For the ISG reactions to commence, air is introduced through the inlet well and an initiation device 
is used to create very high temperatures. As the temperature and oxygen concentration reach 

optimum levels, a series of reactions convert the solid fuel into syngas, which is then extracted 
through the outlet well.  The ISG process is a chemical conversion from solid coal to gas rather 

ǘƘŀƴ ŀ ŎƻƳōǳǎǘƛōƭŜ ŎƻƴǾŜǊǎƛƻƴ όΨōǳǊƴƛƴƎΩύ ǿƘƛŎƘ ǿould create heat and carbon dioxide rather 

than syngas. The area in the coal seam where the gasification takes place is referred to as the 
gasifier chamber, and the reactions that form syngas typically occur at temperatures of between 

900°C and 1200°C. 

The demonstration plant will be located in the heavily modified Leigh Creek Coalfield, between 

the Main Series and Upper Series pits and waste rock stockpiles. The site is approximately 8.5 km 

from Copley and 12 km from Leigh Creek. The gasifier chamber will be approximately 540 m depth 
and will be approximately 30 m long, 30 m wide and 15 m high at the conclusion of operations.  

During stakeholder engagement activities it was recognised that the five main areas of concern of 
the community relate to potential impact to cultural heritage, air quality (including odour), 
groundwater, surface water and ground stability. Therefore, in assessing the suitability for an ISG 

demonstration plant, independent third-party consultants were engaged to review existing data, 
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undertake field studies and commence environmental monitoring to address these areas of 

concern. 

As the northern Flinders Ranges region is culturally significant to, and the traditional lands of, the 
Adnyamathanha people a cultural heritage agreement was signed with the Adnyamathanha 
Traditional Lands Association (ATLA).  To protect and manage cultural heritage a Work Area 

Clearance of the proposed activities as described in this document has been undertaken with 
ATLA.  A Cultural Heritage Discovery Procedure is in place to ensure that Aboriginal sites, objects 
and remains, as well as non-Aboriginal Heritage sites and or items are protected if they are 
discovered during site activities.   

The occurrence of odours at Copley has been raised by several stakeholders (before any ISG 
activities with the potential to release odour has commenced). It is recognised that odour from 

the coalfield is occasionally present in Copley and that the coalfield odour has been observed as 
far south as the Leigh Creek township. To address concerns regarding air quality the current 

(existing) air quality conditions were measured, and modelling was undertaken to assess potential 
impacts to local residents.  Studies showed that background odour is present from the coalfield 
as well as from Copley (such as the caravan park wastewater irrigation area). The modelling 

indicated that the surrounding air quality from emissions from the demonstration plant will 

remain within relevant health-based air quality criteria. Odour from non-routine venting could 
occur if venting of syngas is required when winds are blowing towards receptors. This is unlikely 
to occur and if this occurred, it would be short term (e.g. 30-60 minutes). 

As water is a vital resource in regional communities, studies were undertaken to address potential 
impacts to groundwater and surface water which considered the number and type of aquifers 

present, the ability for groundwater to move vertically and horizontally (permeable pathways), 

and the presence of persons or environment that may be impacted (receptor). Groundwater 

studies completed show that there are no aquifers present at or near the demonstration site, the 
gasifier is surrounded by very low permeability aquitards, there are no groundwater receptors 

present and no credible pathways exist to groundwater receptors. 

The demonstration plant site is isolated from natural surface water systems by the mine pits and 

waste rock stockpiles. Activities at the demonstration plant site will not impact surface water off 

the mine site. 

To address concerns regarding ground stability geotechnical studies were undertaken which 
considered the risks in siting the ISG gasifier in relation to existing geological structures (such as 

faults), the potential for failure (collapse) of the gasifier roof rock and subsequent subsidence, 
and the potential for the gasifier to fracture the surrounding rock and form pathways for chemical 
migration.  Studies completed show that the geotechnical risk is low and that the physical 
attributes of the Leigh Creek Coalfield meet the recommended requirements for an ideal ISG site 

as outlined by the Independent Scientific Panel1. 

It is important to acknowledge that due to the presence of the coal (and other naturally occurring 
hydrocarbon rich rocks) that the soils, rocks and groundwater naturally contain chemicals that 

might otherwise be referred to as contaminants.  In this environment these chemicals are referred 
to as chemicals of potential concern, as they are intrinsic to the environment and as such are not 
contamination resulting from an activity. 

                                                           

1 The Queensland Independent Scientific Panel for Underground Coal Gasification was established in 2013. 
¢ƘŜ tŀƴŜƭΩǎ ǊƻƭŜ ǿŀǎ ǘƻ ŀƴŀƭȅǎŜΣ ŀǎǎŜǎǎ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘŜŎƘƴƛŎŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ factors and to report the 
outcomes of UCG trial activities including recommendations on the prospects and future management of 
UCG in Queensland. 
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The Leigh Creek Coalfield has a long history of mining commencing at a commercial scale in the 

1940s, initially under the auspices of the South Australian Engineering and Water Supply and then 
the newly formed Electricity Trust of South Australia.  Over a period of 80 years different owners 
(both public and private) have operated the mine under different regulatory, social and 
environmental expectations. In addition to the naturally occurring hydrocarbons and other 

chemicals of potential concern, there has been documented soil and groundwater contamination 
resulting from mining activities which has been assessed and documented with the South 
Australian Environment Protection Authority.  These soil and groundwater impacts, whilst on the 
mine are not known or expected to occur in the area of the demonstration plant. Further sampling 

at the site is planned to document this. 

As part of a robust quality assurance program a large amount of data will be collected during the 

lifecycle of the demonstration plant, encompassing both technical performance and 
environmental aspects.  The main stages of the project include baseline (now completed), pre-
commissioning (construction and testing), operations, and post-operation (closure and 

monitoring). During these stages, various monitoring and data collection activities will occur on 
the in situ gasification performance of the coal, groundwater information, environmental data 

and geotechnical data for verification of baseline and modelling, future interpretation, and 

planning and design of a potential commercial facility. Sampling and analysis of groundwater will 
be undertaken for a range of diagnostic chemicals which are indicative of ISG operations during 
the operational stage and continue into the post-operation stage to confirm that site activities do 

not pose a risk to aquifers or third party users of groundwater. 

Occupational monitoring of gases during commissioning and operation of the demonstration 

plant will be undertaken using hand held monitors to detect levels that could impact occupational 

health. Ambient air quality and odour measurements will be undertaken at locations around the 

project site and at selected sensitive receptors on several occasions throughout the project 
lifecycle. 

The Independent Scientific Panel provide a summary of attributes of an ideal site for ISG. These 
ideal site attributes include adequate depth below aquifers, thick and impermeable overlying 

strata, absence of vertical connectivity, low dip angle, mechanically competent overlying rock and 

few faults.  The demonstration plant site meets these ideal site attributes.  Although the 
geomechanical risk has been assessed as low, near surface settlement markers will be installed 
and survey-monitored during operation and decommissioning.  

An environmental risk assessment has been undertaken as part of this Environmental Impact 
Report. It indicates that the level of risk is manageable and relatively low for the key areas of 
concern identified by stakeholders (cultural heritage, air quality, groundwater, surface water and 
ground stability). No high or unacceptable risks have been identified. Leigh Creek Energy will 

implement engineering design in accordance with relevant standards, risk assessment and 

management procedures and environmental management systems to ensure that all risks are 

appropriately managed. 

Stakeholder engagement will continue to be an ongoing activity and a number of specialised 
workshops have been held with key stakeholders where project overview presentations and 
updates have been given, with particular attention given to the proposed demonstration works 

plan.  

A targeted online community portal has been developed where community members can easily 

login and share their experiences of the project, leave feedback, and locate or request 
information. The portal offers enhanced two-way communication where community users can 
track the progress of any requests they make and add reminders so that their questions are 
answered in a timely manner.   
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¢ƘŜ /ƻƳƳǳƴƛǘȅ tƻǊǘŀƭ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ ǘƘǊƻǳƎƘ ǘƘŜ [ŜƛƎƘ /ǊŜŜƪ 9ƴŜǊƎȅ ǿŜōǎƛǘŜΩǎ Ψ/ƻƴǘŀŎǘ ¦ǎΩ 

section (www.lcke.com.au/contact) and direct through http://lcke.c3register.com/.   

Leigh Creek Energy is committed to open and transparent communication with stakeholders and 
encourages community members to use the Community Portal to ask questions and leave 
feedback regarding this document. 

http://www.lcke.com.au/contact
http://lcke.c3register.com/
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1 Introduction  

Leigh Creek Energy Ltd (LCK) is the owner and proposed operator of the Leigh Creek Energy 

Project, located at Leigh Creek in South Australia, 550 km north of Adelaide. The project is located 
within Petroleum Exploration Licence 650 (PEL 650), which overlies the Leigh Creek Coalfield, and 

will develop deep coal resources that are unable and uneconomic to be accessed by open-cut 
mining.  

LCK plans to produce energy from coal using a process known as in situ gasification (ISG). The ISG 
process converts coal from its solid state into a gaseous form, resulting in the generation of 
synthesis gas (syngas) containing methane, hydrogen and other valuable components. The syngas 

can be either used to produce electricity directly or further refined into a variety of products 
including synthetic methane and ammonia.  

The Leigh Creek Energy Project aims to produce commercial quantities of pipeline quality gas 
(methane), fertiliser and electricity using ISG.  

As the initial stage of the project, a small-scale ISG demonstration plant is proposed to be 
constructed to obtain information to inform the design for a possible commercial facility. The 

demonstration plant will involve establishment of a single gasifier chamber and above-ground 

infrastructure to produce syngas for a short period (approximately 2-3 months), so that the syngas 
composition and performance of the process can be confirmed. Environmental and geotechnical 
data will also be collected during operation of the demonstration plant to support any commercial 

plant approvals process. Syngas produced by the demonstration plant will be combusted 
following analysis.  

This document addresses the proposed demonstration plant. 

The location of the Leigh Creek Energy Project and proposed demonstration plant is shown in 

Figure 1-1. 

1.1 Project Proponent 

Leigh Creek Energy is an emerging gas company focussed on developing the Leigh Creek Energy 
Project in northern South Australia. Leigh Creek Energy is listed on the Australian Securities 

Exchange (ASX) under the ASX code of LCK and is headquartered in Adelaide, South Australia.  

LCK (through wholly owned subsidiary Leigh Creek (Operations) Pty Ltd) holds PEL 650, which 

covers an area of 93 km2 over the Leigh Creek Coalfield, and Gas Storage Exploration Licence 
(GSEL) 662 which covers the same area. LCK also hold Petroleum Exploration Licence Application 
(PELA) 647 adjacent to PEL 650.  

1.2 About this Document 

This document has been prepared to satisfy the requirements of an Environmental Impact Report 

(EIR) under the Petroleum and Geothermal Energy Act 2000 for the proposed ISG demonstration 
plant. It has been prepared in accordance with the current legislative requirements, in particular 

Section 97 of the Act, and Regulation 10 of the Petroleum and Geothermal Energy Regulations 
2013.  
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A Statement of Environmental Objectives (SEO) for the project will be prepared based on this EIR2.  

This EIR covers:  

¶ construction, operation and decommissioning of a small-scale ISG demonstration plant 

¶ well design, completion (excluding drilling activity), operation, maintenance and eventual 
decommissioning of the inlet, outlet and observation wells associated with the 
demonstration plant. 

Drilling of the inlet, outlet and observation wells is covered by an existing SEO for drilling (SAPEX 

2013) and is not described in by this EIR3. These wells will not be drilled until the SEO for the 
demonstration plant is approved. 

 

 

 

Figure 1-1: Demonstration plant project location  

  

                                                           

2 Or the SEO may be required to be prepared on the basis of an environmental impact assessment under 
the Development Act, depending on the classification of the activities under Section 98 of the Petroleum 
and Geothermal Energy Act 2000, as discussed in Section 2.1. 
3 Approval for drilling under the coverage of the existing SEO is managed through the Activity Notification / 
Approval process outlined in Section 2.1.4. 
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2 Legislative Framework 

This section briefly describes the legislative framework that currently applies to petroleum 

activities in South Australia. 

2.1 Petroleum and Geothermal Energy Act 

Petroleum4 exploration and production activities are governed by the South Australian Petroleum 

and Geothermal Energy Act 2000 and the Petroleum and Geothermal Energy Regulations 2013. 
This legislation is administered by the Energy and Resources Division of the Department of 
Premier and Cabinet (DPC).  

2.1.1 Statement of Environmental Objectives 

As a requirement of Part 12 of the Act, a regulated activity can only be conducted if an approved 

Statement of Environmental Objectives (SEO) has been developed. The SEO outlines the 
environmental objectives that the regulated activity is required to achieve and the criteria upon 

which the objectives are to be assessed.  

The SEO is developed on the basis of information provided in an Environmental Impact Report 
όǳƴƭŜǎǎ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨƘƛƎƘ ƛƳǇŀŎǘΩ ŀǎ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿ ǳƴŘŜǊ ΨAssessment and 

ApprovalΩ). 

2.1.2 Environmental Impact Report 

In accordance with Section 97 of the Act, the EIR must: 

¶ take into account cultural, amenity and other values of Aboriginal and other Australians in so 

far as those values are relevant to the assessment 

¶ take into account risks to the health and safety of the public inherent in the regulated 

activities 

¶ contain sufficient information to make possible an informed assessment of the likely impact 
of the activities on the environment. 

As per Regulation 10 of the Petroleum and Geothermal Energy Regulations 2013 the following 
information must be provided for the purposes of an EIR: 

¶ a description of the regulated activities to be carried out under the licence (including their 
location) 

¶ a description of the specific site features of the environment that can reasonably be expected 

to be affected by the activities, with particular reference to the physical and biological 
aspects of the environment and existing land uses 

¶ an assessment of the cultural values of Aboriginal and other Australians which could 
reasonably be foreseen to be affected by the activities in the area of the licence, and the 

public health and safety risks inherent in those activities (insofar as these matters are 

relevant in the particular circumstances) 

¶ a description of reasonably foreseeable events associated with the activity that could pose a 
threat to the relevant environment (including events during the construction, operational 

                                                           

4 The definition of petroleum under the Petroleum and Geothermal Energy Act includes coal or shale 
occurring in circumstances where the use of techniques for in situ gasification would be appropriate and 
also includes hydrocarbons that are a product of coal gasification (produced below or above ground) for 
the purposes of the production of synthetic petroleum. 
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and abandonment stages, atypical events, estimated frequency of events and the basis of 

predictions) 

¶ an assessment of the potential consequences of these events on the environment (including 

size and scope, duration, cumulative effects (if any), the extent to which these consequences 
can be managed or addressed and proposed management actions) 

¶ an explanation of the basis on which these consequences have been predicted 

¶ a list of all owners of the relevant land 

¶ information on consultation undertaken during the preparation of the EIR. 

2.1.3 Assessment and Approval 

The EIR is submitted to DPC and an Environmental Significance Assessment is undertaken to 
ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ 9Lw ŀǊŜ ǘƻ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨƭƻǿΩΣ ΨƳŜŘƛǳƳΩ ƻǊ 

ΨƘƛƎƘΩ ƛƳǇŀŎǘΦ ! ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘǊŀŦǘ {9h ƛǎ ǇǊŜǇŀǊŜŘΣ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ŀƴŘ ƳŜŀǎǳǊŜǎ 
identified in the EIR or other assessments that may be required as determined by the 

classification. 

The classification also determines the level of consultation DPC will be required to undertake prior 
to final approval of the SEO as follows: 

¶ Low impact activities do not require public consultation and are subjected to a process of 
internal government consultation and comment on the EIR and draft SEO prior to approval. 

¶ Medium impact activities require a public consultation process for the EIR and draft SEO, with 
comment sought for a period of at least 30 business days. 

¶ High impact activities are required to undergo an environmental impact assessment under 

the provisions of the Development Act 1993. A draft SEO for high impact activities must be 

prepared on the basis of this environmental impact assessment. 

The level of environmental impact of a particular activity is assessed and classified by DPC on the 

basis of predictability and manageability criteria required by s.98 of the Act (DMITRE 2013).  

Once the approval process is complete, all documentation, including this EIR and its associated 
SEO, must be entered on an environmental register. This public Environmental Register is 

accessible to the community from the DPC website. 

Referral of Project Applications to the IESC 

South Australia is a signatory to the National Partnership Agreement on Coal Seam Gas and Large 
Coal Mining Development, and as a consequence, coal seam gas and large coal mining projects 
must be referred by DPC to the Independent Expert Scientific Committee on Coal Seam Gas and 
Large Coal Mining Development (IESC) for advice. Where projects under the Petroleum and 

Geothermal Energy Act are to be referred under the South Australian referral protocol5, it would 
generally be when an EIR and draft SEO are available. 

Although small scale ISG is not clearly captured by the National Partnership Agreement, DPC may 

refer this EIR (and the resulting draft SEO) to the IESC for advice. Consequently, this EIR aims to 
provide the information necessary to support such a referral. 

                                                           

5 South Australian Protocol for the referral of project applications to the Independent Expert Scientific Committee on Coal Seam Gas 

and Large Coal Mining Development. 
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2.1.4 Activity Notification / Approval Process 

Prior to commencing a regulated activity, Section 74(3) of the Petroleum and Geothermal Energy 
Act requires that:  

¶ tƘŜ aƛƴƛǎǘŜǊΩǎ ǇǊƛƻǊ ǿǊƛǘǘŜƴ ŀǇǇǊƻǾŀƭ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀŎǘƛǾƛǘƛŜǎ ǊŜquiring high level supervision 
(as per Regulation 19), and 

¶ notice of activities requiring low level supervision is to be given at least 21 days in advance 
(as per Regulation 18). 

¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ aƛƴƛǎǘŜǊΩǎ ŀǇǇǊƻǾŀƭ ŀƴŘ ƴƻǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀŎǘƛǾƛǘƛŜǎ Ƴǳst provide specific 
technical and environmental information on the proposed activity and include an assessment to 
demonstrate that it is covered by an existing SEO.  

Consequently, this activity notification process provides an additional opportunity for DPC to 
ensure that the proposed activities and their impacts can be effectively managed and are 

consistent with the approvals obtained in the EIR and SEO approval process.  

2.2 Other Legislation 

A variety of legislation applies to petroleum exploration activities, and those of particular 
relevance to the proposed demonstration plant are listed below (note that this is not a 
comprehensive list of all applicable legislation). 

Table 2-1: Summary of applicable legislation 

Jurisdiction Legislation 

Commonwealth  Aboriginal and Torrens Strait Islander Heritage Protection Act 1984 

Environment Protection and Biodiversity Conservation Act 1999 

Native Title Act 1993 

South Australia 

 

Aboriginal Heritage Act 1988 

Crown Land Management Act 2009 

Dangerous Substances Act 1979  

Electricity Act 1996  

Environment Protection Act 1993 

Fire and Emergency Services Act 2005 

Heritage Places Act 1993 

National Parks and Wildlife Act 1972 

Native Title (South Australia) Act 1994 

Native Vegetation Act 1991 

Natural Resources Management Act 2004 

Road Traffic Act, 1961 

South Australian Public Health Act 2011 

Work Health and Safety Act 2012 

 

2.2.1 Commonwealth Environment Protection and Biodiversity Conservation Act 

Referral and approval under the Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC Act) is required for actions that will have, or are likely to have a 
significant impact on matters of national environmental significance including World Heritage 
properties, National Heritage places, Ramsar wetlands of international importance, listed 
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threatened species and ecological communities, listed migratory species and a water resource, in 

relation to coal seam gas development and large coal mining development. 

The proposed demonstration plant is a small scale project, and as discussed in Sections 4 and 5, 
there are no matters of national environmental significance present or likely to be significantly 
impacted. ¢ƘŜǊŜ ƛǎ ƴƻ ΨǿŀǘŜǊ ǊŜǎƻǳǊŎŜΩ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ aŀƛƴ {ŜǊƛŜǎ Coal (the target of gasification), 

or overlying strata and consequently this matter of national environmental significance is not 
relevant to the project. Consequently, LCK believes that a requirement for referral and approval 
under the Act is not likely to be triggered. LCK will continue to review proposed activities against 
the EPBC Act triggers and will submit a referral under the Act if necessary. 

2.2.2 Environment Protection Act 

The Environment Protection Act 1993 imposes a άgeneral environmental dutyέ of care not to 

undertake an activity that pollutes, or might pollute the environment unless all reasonable and 
practicable measures have been taken to prevent or minimise any resulting environmental harm. 

Environmental authorisations are required to undertake activities prescribed under the Act.  

The Environment Protection Act does not apply to exploration activity undertaken under the 
Petroleum and Geothermal Energy Act, or to wastes produced in the course of an activity (not 

being a prescribed activity of environmental significance) authorised by a licence under the 

Petroleum and Geothermal Energy Act, when produced and disposed of to land and contained 
within the area of the licence.  

Although incineration by thermal oxidation is a prescribed activity under Schedule 1 of the Act, 

this is an exploration activity and therefore the Environment Protection Act does not apply.  

2.2.3 Native Vegetation Act 

The Native Vegetation Regulations 2017 permit clearance of vegetation incidental to exploratory 

operations authorised under the Petroleum and Geothermal Energy Act. Under Regulation 15, 

clearance is permitted if it is undertaken in accordance with approved industry standards that are 
directed towards minimising impact and encouraging regrowth of any native vegetation that is 

cleared. 

All activities will be undertaken in accordance with a Statement of Environmental Objectives, 

which is the approved industry standard for activities under the Petroleum and Geothermal 

Energy Act.  

2.2.4 Natural Resources Management Act ς Water Management 

The Natural Resources Management Act 2004 applies to a range of aspects of natural resource 

management. Of particular relevance to this project is its applicability to activities that affect 
surface water and groundwater resources: 

¶ Drilling of new water wells (or modification to or decommissioning of existing water wells) 

requires a permit under this Act.  

¶ A permit is required to drain or discharge water directly or indirectly into a well, under 
Section 127(3)(c) of the Act. This requirement may apply to the proposed activities. 

¶ This Act and the SA Arid Lands Regional Natural Resources Management Plan (SAAL NRM 
Board 2017) set out a number of other water affecting activities that must not be undertaken 
without a permit. These are usually avoidable by planning and siting of infrastructure to 
maintain surface water flows. A requirement for a permit for other water affecting activities 
will not be triggered by the proposed activities. 

PEL 650 lies within the non-prescribed surface water and groundwater resources area of the 

South Australian Arid Lands Natural Resources Management (SAAL NRM) Region (Penney 2015). 
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It is outside the Far North Prescribed Wells Area and there is no Water Allocation Plan in place 

over the project area (SAAL NRM Board 2009). 

2.2.5 Native Title Act 

The Commonwealth Native Title Act 1993 and the Native Title (South Australia) Act 1994 provide 
for the recognition and protection of native title. Native title can be claimed on some areas of 

land or water (e.g. on vacant or unallocated crown land) but is extinguished by freehold land 
tenure and certain other forms of land title. Native title is discussed further in Section 4.12.3.  
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3 Description of Activities 

The demonstration plant is a small-scale and short-term program. It involves establishment of an 

underground gasifier at a depth of approximately 540 m in the Main Series Coal at the Leigh Creek 
Coalfield, and operation of the gasifier and associated above-ground equipment for period of 

approximately 2-3 months. Gas produced will be analysed and then incinerated in a thermal 
oxidiser. 

The purpose of the demonstration plant is to collect data on the in situ gasification performance 
of the Main Series Coal. Information collected will include: 

¶ syngas composition, flowrates, temperature and pressures 

¶ coal gasification performance and gasifier physical properties  

¶ gasifier optimisation properties pressure, flowrate and reactants 

¶ condensate and organic liquid phase volumes, properties and constituents 

¶ environmental data  

¶ other relevant data for the subsequent design of a possible commercial facility. 

This section provides a general overview of the in situ gasification process and then provides 
detailed descriptions of the proposed activities associated with the demonstration plant. 
Technical terms used in this section are explained in the Glossary (Section 9). 

3.1 Overview of ISG Process 

In situ gasification (ISG) is a technique in which solid coal underground is converted in situ όΨƛƴ 

ǇƻǎƛǘƛƻƴΩύ ƛƴǘƻ ŀ ƎŀǎŜƻǳǎ ǇǊƻŘǳŎǘ ƪƴƻǿƴ ŀǎ ǎȅƴǘƘŜǎƛǎ Ǝŀǎ όǎȅƴƎŀǎύΦ {ȅƴƎŀǎ ƛǎ ŎƻƳǇƻǎŜŘ Ƴŀƛƴƭȅ ƻŦ 

carbon dioxide, hydrogen, carbon monoxide, methane, nitrogen, steam and gaseous 

hydrocarbons. It can be used for a variety of downstream applications, such as power generation, 

or as a feedstock for recognised chemical products like methanol, ammonia, fertilizers, synthetic 

natural gas and liquid fuels. ISG enables the development of deep coal resources where open-cut 
and underground mining are not feasible or are uneconomic. 

L{D ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǳƴŘŜǊƎǊƻǳƴŘ Ŏƻŀƭ ƎŀǎƛŦƛŎŀǘƛƻƴ ό¦/DύΣ ƘƻǿŜǾŜǊ ǘƘŜ ǘŜǊƳǎ Ψƛƴ ǎƛǘǳ ƎŀǎƛŦƛŎŀǘƛƻƴΩ 

ƻǊ ΨL{DΩ ŀǊŜ ǳǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǊŜǇƻǊǘ ŦƻǊ ŎƻƴǎƛǎǘŜƴŎȅ with the Petroleum and Geothermal 

Energy Act 2000. 

In the simplest ISG configuration, two wells are drilled into a coal seam, one for the inlet and the 
other for the outlet (Figure 3-1). A combination of horizontal and vertical wells is often used to 

create a direct linked system. Hydraulic fracturing (fracking), a well stimulation technique in which 
rock is fractured by a pressurised liquid, will not be used to connect the inlet and outlet wells. 

An oxidant (some combination of air, pure oxygen and water) is introduced through the inlet well 
and an initiation device is used to start the ISG reactions in the coal seam. As the coal is consumed, 

a series of reactions convert the solid fuel into syngas, which is then extracted through the outlet 
well. The underground void in the coal seam that forms where the gasification takes place is 
referred to as the gasifier chamber. The gasification reactions typically occur at temperatures of 

between 900°C and 1200°C but may reach up to 1500°C (Moran et al. 2013).  
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Figure 3-1: Example of a typical ISG process 

 

The ISG process is controlled by using the inlet and outlet wells to manipulate the flow of oxidant 
and the pressure in the gasifier chamber. The pressure in the gasifier chamber is kept below the 
surrounding groundwater pressure to avoid an outward pressure gradient that could result in 

movement of water and chemicals of potential concern (COPC) away from the gasifier chamber. 

The process can be stopped by shutting off the oxidant supply from the inlet well, as the ISG 

reactions will cease within 48 hours without the injection of oxidant.  

At the end of the ISG process, the oxidant supply at the inlet well is shut off and the process 

quenched with water to decrease the temperature below the threshold whereby pyrolysis 
products are produced (see Section 3.1.1) and the ISG reactions cease.  

The ISG process produces a variety of COPC such as BTEX compounds (benzene, toluene, 

ethylbenzene, xylene), phenols and aromatic hydrocarbons, some of which will remain in the 

gasifier chamber after shutdown, depending on factors such as operation and optimisation of the 
ISG process and gasifier shutdown procedures (Camp and White 2015). During decommissioning 
of the gasifier, steam (via water injection) is typically generated in the gasifier chamber to remove 

these chemicals from the chamber via the gas flow out of the outlet well as the chamber cools. 

3.1.1 Gasification Reactions 

The conversion of solid coal into syngas works by reacting coal at high temperatures in an oxygen 
controlled environment. By restricting the oxygen, full combustion is avoided. Instead, a limited 

quantity of coal is allowed to combust in order to generate heat and volatile gases. These 
exothermic (heat releasing) reactions then drive secondary, endothermic (heat absorbing) 
reactions that produce hydrogen, methane, carbon monoxide and other compounds (Camp and 

White 2015). 

Most of these reactions take place in a thin zone near the gasifier chamber wall (Figure 3-2). Camp 
and White (2015) describe the key stages of the reactions as:  

1. Drying: The coal in the seam begins saturated with water. As heat is generated within the 
gasifier chamber, a thermal front is created which dries the coal near the gasifier and generates 
steam. Because the gasifier chamber pressure is typically less than the surrounding groundwater 
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pressure, a pressure gradient drives water towards the gasifier chamber, which encounters the 

thermal front and also converts to steam. The volume of water influx is controlled by the 
permeability of the strata, local groundwater pressure, and operating pressure of the gasifier 
chamber. 

2. Pyrolysis: Pyrolysis is the thermal decomposition of organic material at elevated temperatures 

in the absence of oxygen. It occurs when the dry coal reaches 200ς500°C. Volatile compounds are 
released and the coal turns to char. The simplified chemical equation for pyrolysis is: 

 Coal " Char + Ash + Hydrocarbons + CH4 + H2 + H2O + CO + CO2 

The pyrolysis occurs in a thin layer around the boundary of the gasifier chamber, just within the 

drying layer. The gaseous species are then free to migrate towards the open gasifier chamber, 
where they can participate in other reactions. 

3. Oxidation: The volatile products and carbon-containing compounds in the char (C) react with 

injected oxygen. The simplified chemical reactions are: 

  C + O2 " CO2  

  2C + O2 " 2CO  

These exothermic (heat releasing) reactions release the necessary heat to drive the other, 
endothermic (heat absorbing) processes. The oxidation reactions (via air injection) mostly occur 

within the gasifier chamber itself, as oxygen is consumed near the inlet point. At the chamber 
wall, temperatures can reach 800ς1200°C. Note that only a limited amount of oxygen is injected, 
just enough to produce the necessary heat and gases to drive the endothermic reactions. Steam 

may also be injected to provide additional water. 

4. Gasification: The basic gasification reaction, which primarily occurs within the char layer at the 

gasifier chamber wall, is  

  C + H2O " H2 + CO  

The char gasification zone typically reaches 500ς1100°C. 

5. Side reactions: A number of side reactions also occur, depending on gasifier chamber 

conditions. These reactions can increase the methane and hydrogen content of the gas. These 

include: 

  CO + 3H2 " CH4 + H2O  

  C + 2H2 " CH4  

  C + CO2 " 2CO  

  CO + H2O D H2 + CO2  

The exact composition of the gas can be tuned (within limits) by controlling the oxidant feed rate, 

water injection, gas pressure, and other operational aspects.  

The gas flow within the gasifier chamber is quite complex, involving factors such as reactive 
transport, turbulence and radiative heating. Typically, a rubble zone also forms at the bottom of 

the gasifier chamber, which also affects the gas flow within the chamber. 
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Figure 3-2: Layers in the gasifier chamber wall. The typical thickness from open gasifier 
chamber to saturated coal is 15 ς 30 cm (heat affected zone).  

 

The ISG process and the composition of syngas produced is similar to that produced by surface 

gasifiers. These have been used for many decades and processing technology for such gas 
compositions is readily available (Hyder 2012). 

3.1.2 Gasification Chamber 

As the ISG reactions proceed and coal is consumed, a chamber forms and grows in size. Growth 

of the gasification chamber is determined by factors such as the thickness and dip of the coal 

seam and turbulence of the oxidant, the arrangement of the inlet and outlet wells, the chemical 

makeup of the coal, oxidant type, injection rate and pressure, in situ stresses, isotropic aquifer 
conditions and the geomechanical properties of the coal and surrounding rocks. 

The geomechanical properties of the surrounding strata determine the resistance to vertical 

gasifier chamber growth, which is a crucial characteristic of a good ISG site (Camp and White 
2015). The potential for processes to occur such as spalling (small scale erosion of rock due to 

induced thermal stress) or large-scale geomechanical failure are particularly relevant. ISG projects 
are typically planned and operated to avoid large-scale collapse. If not designed for, large-scale 

collapse has the potential to suspend operations, cause surface subsidence, and open fracture 
pathways in the overburden (Camp and White 2015). Detailed geological characterisation and 
careful geotechnical design are therefore carried out to ensure that the geomechanical setting is 

suitable and the project design will allow safe and efficient operation. 

3.1.3 ISG Products and Chemicals of Potential Concern 

The ISG process generates compounds that could become contaminants if they escape the 
gasification chamber into the surrounding environment (Moran et al. 2013). Compounds that are 

potential contaminants (depending on background levels, where they are located and potential 
receptors) are ǘŜǊƳŜŘ ΨŎƘŜƳƛŎŀƭǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ŎƻƴŎŜǊƴΩ (COPC) throughout this document, which 
is a terminology widely used in standard assessments of site contamination. 

The compounds produced by the ISG process include compounds that are generated directly by 

the processes of pyrolysis, partial oxidation and gasification, and other compounds that may be 
generated indirectly by other physical and chemical processes. 
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Compounds generated directly by pyrolysis, partial oxidation and gasification are summarised in 

Table 3-1. 

Table 3-1: Compounds directly generated by the ISG process  

Phase  Group Details 

Gas phase 
components 
(non-
condensables) 

Major syngas 
constituents  
(concentrations of 
up to tens of 
percent by volume) 
 

¶ carbon monoxide 

¶ carbon dioxide 

¶ hydrogen 

¶ water 

¶ methane 

¶ nitrogen (can be more than 40% in systems where air is injected) 

 Minor syngas 
constituents  
(approx. 1% or less 
by volume)  

¶ light hydrocarbons (range from ethane and ethylene compounds to 
volatile condensables (e.g. hexane and toluene) 

¶ hydrogen sulphide 

¶ ammonia 

¶ trace species  

Condensable 
organic 
components 
όΨǘŀǊǎΩύ 

Hydrocarbons  
 

¶ paraffinic hydrocarbons 

¶ olefinic hydrocarbons 

¶ aromatic hydrocarbons (e.g. benzene, toluene, ethylbenzene, xylene, 
naphthalene) 

¶ mixed aromatic-aliphatic ring structures (e.g. tetralin, fluorene, indane) 

 Oxygen-containing 
organics) 
 

¶ phenolics 

¶ dihydroxybenzenes 

¶ trihydroxybenzenes 

¶ furans 

¶ ketones (e.g. acetone, butanone, cyclopentanone) 

 Nitrogen-containing 
compounds 
 

¶ aliphatic amines 

¶ nitrogen-containing heterocyclic organics 

¶ nitrogen-containing amines  

¶ aromatic amines (e.g. aniline) 

 Sulphur-containing 
compounds  

¶ carbonyl sulphide 

¶ methyl mercaptan 

¶ sulphur-containing heterocyclic aromatics (e.g. thiophen, 
benzothiophenes). 

Source: Adapted from Camp and White (2015) 

 

The syngas produced by the ISG process will also contain traces of other constituents, such as 

metals, that are naturally present in the coal that is consumed during the process.   

Compounds that are generated indirectly from other physical and chemical processes can include: 

¶ metals or organics leached from rock due to increased surface area of rock in the gasifier 
chamber (including particles and dust) and /  or increased solubility due to elevated 
groundwater temperatures 

¶ minerals and metals where solubility has increased due to changes in oxidation state within 
the ash and rock or changes in pH  

¶ gases desorbed due to reduction in groundwater pressure. 

During normal operation, the ISG process is contained within the immediate gasifier chamber 

system and products flow into the outlet well and to the surface processing facility. Within this 
contained process zone, many ƻǊƎŀƴƛŎǎ ǇǊƻŘǳŎŜŘ ŀǊŜ ΨŘŜǎǘǊƻȅŜŘΩ ŀƴŘ ŀǊŜ ŎƻƴǾŜǊǘŜŘ ōȅ ǊŜŀŎǘƛƻƴ 
into compounds that are less potentially hazardous to the environment (Camp and White 2015).  

3.1.4 Containment 

The key aspect to ensuring an environmentally safe and socially acceptable ISG operation is to 
provide certainty of containment and/or removal of the COPC produced (Moran et al. 2013). COPC 
in gas and water produced by the ISG process will be contained within the gasifier chamber and 
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its close confinement zone if pressure gradients are inward, or there is no path or permeability 

for gas to escape (Camp and White 2015, Creedy et al. 2001, Burton et al. 2013).  

It is essential to manage pressures in the gasifier chamber so that the gradients driving flow are 
inward. However, if the pressure gradients are not properly managed, process gas and COPC 
carried with it can still be contained if the surrounding formation has low permeability (Camp and 

White 2015). This aspect of site selection provides additional assurance of containment. Best 
practice will choose a site with suitable (low) permeability barriers. 

Appropriate well design and integrity management are also important in ensuring containment. 
Well design and site selection are discussed further in Sections 3.2 and 3.3 

3.1.5 Shutdown and Decommissioning 

Shutdown and decommissioning are achieved by stopping the flow of oxidant to the gasifier, 

injection of water to quench the reactions and rapidly reducing gasifier chamber pressure to 

increase groundwater inflow. This produces steam at the gasifier chamber margins and ΨǎǘŜŀƳ 
ŎƭŜŀƴǎΩ ǘƘe chamber to remove the remaining COPC from the chamber (via the gas flow out of the 
outlet well) as far as reasonably achievable. The gas, steam and COPC are then destroyed by the 
thermal oxidiser. 

The process is controlled and monitored to ensure that pressures are managed (to manage 

underground fluid flow) and that additional pyrolysis is minimised.  

A clean shutdown procedure will remove as much of the chemical inventory as possible, that 
otherwise would have stayed in the underground system. Field trials and demonstrations out of 

the USA have ǇǊƻǾƛŘŜŘ ǊŜŀǎƻƴŀōƭŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ŀǇǇǊƻŀŎƘΣ ŘǳōōŜŘ ΨŎƭŜŀƴ ŎavernΩΣ Ƙŀǎ ōŜŜƴ 
successful in reducing the inventory of contaminants left underground, maximising their removal 

from the gasifier chamber immediately after operations, and containing them in the years after 

(Camp 2017, Camp and White 2015, Moran et al. 2013). 

More locally in Queensland, the Carbon Energy Limited Bloodwood Creek UCG Trial project has 
been acknowledged by the Queensland Chief Scientist as having demonstrated safe and effective 

decommissioning in accordance with the recommendations of the final Independent Scientific 
Panel6 report (Garrett 2016). 

3.2 Well Design and Integrity 

The inlet and outlet wells and the observation well (which will ultimately penetrate the gasifier 

chamber) will be drilled and constructed in accordance with Petroleum and Geothermal Energy 
Act requirements, and industry best practice for the construction of petroleum wells. 

The design and installation of the wells ensures that their integrity is maintained under the 
operating conditions that they are expected to experience. Well design has been undertaken by 

a specialist engineering firm and ensures that the wellhead and steel casing are suitable to 
withstand the elevated temperatures involved.  

The wells will be constructed of a series of metal casing strings that are installed and cemented 
into the ground to various depths. The size, strength and material of the casing and wellhead and 
the specifications for the cement are determined through a design process which takes into 

                                                           

6 The Queensland Independent Scientific Panel for Underground Coal Gasification was established in 2013. 
¢ƘŜ tŀƴŜƭΩǎ ǊƻƭŜ ǿŀǎ ǘƻ ŀƴŀƭȅǎŜΣ ŀǎǎŜǎǎ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘŜŎƘƴƛŎŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀƴŘ ǘƻ ǊŜǇƻǊǘ ǘƘŜ 
outcomes of UCG trial activities including recommendations on the prospects and future management of 
UCG in Queensland. 
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account the geological environment and operational temperatures and pressures, as well as 

industry standard design safety factors.  Premium production casing, made of corrosion-resistant 
carbon steel will be used for the inlet, outlet and observation wells.  Premium casing has metal to 
metal gas-tight seals and is commonly used in high temperature applications.  

Figure 3-3 shows the expected well design for the inlet, outlet and observation wells. The wells 

include the following layers of casing: 

¶ the conductor casing, which is installed at the surface and provides a clean access through 

the first 20 m of soil and gravel 

¶ the surface casing string, which extends from the surface to approximately 100 m. This casing 
string is fully cemented up the outside and forms part of the pressure containment system 

providing a second barrier during construction and operations 

¶ the production casing string, which is inside the surface casing, runs from the surface to the 
total depth of the well and is also cemented to surface up the outside.  The production casing 

and cement provide the primary barrier during operations. 

The surface casing and production casing are pressure tested after installation and the annulus 

(the space) between the casing strings is fully contained in the wellhead. The wellhead is also 
pressure tested during manufacture and after installation. 

The wells will also have internal coil tubing installed inside the main pressure casing, which will be 
ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ǿŜƭƭΩǎ ǇǳǊǇƻǎŜΦ ¢ƘŜ inlet well will have an injection line from the surface to the inlet 

point, and may also have initiation and ancillary access tubing where required. The outlet well 
may also have additional access and access tubing installed inside the main pressure casing. 

Pressure and temperature monitoring instrumentation will be installed in the wells.  

The outlet well will be vertical and be drilled prior to the inlet well.  The inlet well will be vertical 
initially from the surface and will then be directionally drilled to enter in the coal seam at a high 

angle and then follow the coal seam to intersect the outlet well at a designated depth. 
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Figure 3-3: Indicative well design of inlet, outlet and observation wells 

 

Each casing string is cemented into the drill hole. The cement isolates any aquifers (if present) 
along the drill hole and prevents fluid or gases moving up the drill hole outside the casing. Cement 

integrity is verified by observation of the cement returning back to the surface as per the design, 

monitoring pump pressures during the cement job and by running tools such as cement bond logs 
on the production casing. Casing centralisation, cement slurry design, spacer fluids, volumes and 
pumping parameters are also carefully controlled to ensure a good seal between the casing and 

the well bore.   

The well sections that may be exposed to high temperatures including the inlet, outlet, and 

observation wells will be cemented with a specially engineered high temperature cement that 

resists cracking under high temperature. 

Wells are pressure tested prior to commencing operations, to confirm the integrity of the casing 
and cement. Well integrity is managed during the operational life of the well by ongoing 
monitoring and testing the integrity of the valves, casing, packers, wellheads and tubing (if 

present), with repairs undertaken where required. 

At the end of their operational life, wells will be decommissioned in accordance with Petroleum 

and Geothermal Energy Act requirements, which require cement plugs to be installed in the well 
at specified locations (usually between any hydrocarbon zones and aquifers (where present) and 

at the surface), and the well head to be removed.  

The inlet, outlet and observation wells for the demonstration plant are likely to be retained for 
some time following the operation of the demonstration plant, and may be utilised as monitoring 
wells in the future.  

Monitoring wells are also designed to meet relevant Petroleum and Geothermal Energy Act 
requirements and industry standards in order to ensure that they do not present a potential 
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pathway for gas escape. However, the temperatures and pressures they are required to be 

designed to meet are generally less than the inlet, outlet and observation wells. 

3.3 Site Selection 

3.3.1 Leigh Creek Coalfield Location 

The project location at the Leigh Creek Coalfield was initially chosen as a result of a screening 

process that evaluated potential sites around the world for an ISG project, using criteria that 

covered environmental, technical and commercial aspects. 

The chosen location at the Leigh Creek Coalfield is highly favourable for ISG development. The 
coal resource is technically suitable for ISG, it is well serviced by infrastructure and most 
importantly, the site is suitable for undertaking ISG in a manner that is safe and minimises 
environmental risk.  

The Independent Scientific Panel (Moran et al. 2013), noted that selection of an appropriate site 
is considered to be the most important risk mitigation strategy for an ISG project. The 

demonstration plant site is consistent with all the recommendations for ISG site attributes made 
by Moran et al. (2013), as discussed below (Section 3.3.3). In particular, the depth of the coal and 
the geology and hydrogeology of the site ensure that the ISG process can be safely contained, and 
the location avoids sensitive features such as aquifers with beneficial uses and values, residents 

or towns in close proximity, intensive surface infrastructure, sensitive land uses or sites of high 
environmental value. 

Other favourable factors that influenced the location of the Leigh Creek Energy Project include: 

¶ high quality existing infrastructure (road, rail, water and power) 

¶ nearby service centre at Leigh Creek township 

¶ strong local community and potential workforce 

¶ extensive information base for the Leigh Creek Coalfield 

¶ existing disturbed mine site (minimising disturbance footprint) 

¶ distant from environmentally sensitive areas or conservation reserves. 

While the location within the footprint of a coal mine that is undergoing closure and rehabilitation 
introduces some operational complexities, these are considered to be manageable and are far 
outweighed by the advantages of the site. The demonstration plant site itself is located in an area 
where there is expected to be minimal activity during the mine closure and rehabilitation phase. 

The location of the site and surrounding features are shown in Figure 1-1 (in Section 1) and Figure 
4-1 (Section 4). 

3.3.2 Demonstration Plant Site  

The specific demonstration plant location was chosen based on the following factors: 

¶ the depth and dip of the coal seam is suitable for ISG demonstration 

¶ the site is greater than 100 m from potential faults 

¶ the site is more than 100 m from potential leakage pathways (old drill holes) 

¶ the site is level and stable and uses existing access roads 

¶ there is extensive existing disturbance with no environmentally sensitive features present 
(e.g. natural drainage (see Section 4.8), aquifers with beneficial uses and values (see 
Section 4.7), significant vegetation or habitat (see Section 4.9), known cultural heritage sites 
(see Section 4.2))   

¶ there is limited ongoing mine-related activity at the site 
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¶ sufficient space is available to safely undertake activities 

¶ separation of the site from the mine pits and waste rock dumps is sufficient to ensure safe 
operation 

¶ the site is readily accessible from the main access road (with no need to traverse mine pits 
or stockpiles).  

3.3.3 Recommended Attributes for ISG Sites 

The Independent Scientific Panel report (Moran et al. 2013) recommends that an ISG site should, 
as a general guide, include at least the attributes outlined below (Table 3-2). The demonstration 
plant site includes all these recommended attributes, as indicated by the comparison in this table. 

Table 3-2: Comparison of demonstration plant site with Independent Scientific PŀƴŜƭΩǎ 
recommended site attributes 

ISP recommended site attributes for ISG (Moran et 
al. 2013) 

Demonstration 
plant site 

Comment 

Coal seam at sufficient depth to ensure that any 
potential environmental contamination can be 
demonstrated to have minimal environmental 
consequences. With deeper coal, there are fewer 
useable aquifers and, if appropriate sealing horizons 
are present above the gasification depth, there is a 
much lower probability of materials (gas or liquid) 
moving to the surface. 

P Coal is deep (approx. 540 m) with no 
aquifers in the vicinity.  

 

Coal seam sufficiently thick to sustain gasification 
with reasonable likelihood of economic viability. 

P Coal thickness is in the order of 12 m and 
considered suitable for gasification. 

Rank of coal should be lignite to non-swelling 
bituminous coal. 

P Coal is of sub-bituminous / lignite rank and is 
suitable for ISG. 

Hydraulic head sufficient to contain efficient 
gasification. 

P Hydraulic head above the coal seam has 
been measured at 490 m using data 
collected from vibrating wire piezometers 
and is sufficient to contain gasification.  

Coal seam capped by impermeable rock. P Coal seam is capped by 530 m thickness of 
low permeability carbonaceous mudstone, 
an aquitard with respect to groundwater.  

Target coal located so that there is sufficient 
thickness between the target coal seam / measure 
and any valuable aquifer higher up the geological 
succession. 

P There are no aquifers within 500 m vertically 
or laterally of the Demonstration Plant. 

Sufficiently distant from rivers, lakes, springs and 
seeps to avoid contamination should chemical 
escape the cavity. 

P No rivers, lakes, springs and seeps are 
located near the demonstration plant site 
(refer to Section 4.7). Pre-mining creek 
alignments across the broader mine site 
have been blocked by earthen walls, waste 
rock stockpiles and mine pits.  

Absence of faulting or intrusions in the vicinity of 
the site. This is dependent on the size of the cavity. 

P Site is located approximately 100 m south of 
inferred fault, which does not penetrate the 
full depth of the Main Series Overburden 
and is likely closed with respect to potential 
for movement of gas or groundwater. 



ISG Demonstration Plant EIR 

Leigh Creek Energy Limited ACN: 107 531 82 Page 29 of 156 

ISP recommended site attributes for ISG (Moran et 
al. 2013) 

Demonstration 
plant site 

Comment 

Sufficient distance from the nearest town and / or 
intensive surface infrastructure, e.g., irrigation or 
feedlots, and areas of significant environmental 
value, e.g., world heritage forests or wetlands, to 
avoid contamination should chemicals escape the 
cavity and to minimise impacts of odours. 

P Site is over 8.5 km from Copley and 12 km 
from Leigh Creek township. No sensitive 
land-use or areas of significant 
environmental values are present at or near 
the site. (Site is within the former Leigh 
Creek Coalfield). 

Camp and White (2015) also provide a summary of attributes of an ideal site for ISG. These ideal 
site attributes include adequate depth below aquifers, thick and impermeable overlying strata, 
absence of vertical connectivity, low dip angle (5 to 25 degrees), mechanically competent 

overlying rock and few faults. The demonstration plant site meets these ideal site attributes. 

3.4 Demonstration Plant Design and Layout 

3.4.1 Infrastructure and Equipment 

The demonstration plant facilities will include both subsurface and surface infrastructure. 

Subsurface infrastructure will include the inlet and outlet wells (as described in Section 3.2), a 
number of monitoring wells and a gasifier observation well. Inlet, outlet, observation and 
monitoring wells will all contain instrumentation to monitor temperature and/or pressure.  

At the surface, the majority of the infrastructure will be installed adjacent to the inlet and the 

outlet wells, which will be approximately 300 to 350 m apart at the surface. A combination of 
wired and wireless instrumentation equipment will be installed to communicate between the two 

sites and the control room.  

At the inlet well, equipment will include:  

¶ the inlet wellhead 

¶ piping and valves 

¶ flow control and metering equipment 

¶ diesel-powered compressors to inject air into the well  

¶ pumps for water injection 

¶ tanks for water storage prior to injection 

¶ diesel generator(s) 

¶ diesel storage tank(s) for compressor and generator 

¶ electrical and control equipment 

¶ control room 

¶ site office and amenities 

¶ vehicle parking 

¶ truck off-loading area 

¶ equipment storage and maintenance facilities. 

At the outlet well, equipment will include: 

¶ the outlet and observation wellheads 

¶ piping, valves and pressure safety valves 

¶ flow metering and pressure control equipment 

¶ gas analysis and sampling equipment 

¶ gas clean-up equipment 

¶ condensate storage vessel and transfer pumps 

¶ tanks for storage of outlet condensate and water 
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¶ thermal oxidiser  

¶ cold vent 

¶ nitrogen storage vessels (for inert blanketing of vessels and purging of pipelines) 

¶ diesel generator(s) 

¶ diesel storage tank(s) 

¶ LPG cylinders 

¶ truck off-loading and loading area 

¶ pumps for water injection 

¶ tanks for water storage prior to injection 

¶ electrical and control equipment 

¶ vehicle parking. 

Where roads do not exist, all-weather access roads will be constructed to the site from the main 
sealed access road, between the inlet and outlet well sites, and to each of the monitoring wells. 

The demonstration plant surface facilities will utilise standard oil and gas and petrochemical 
components. Many of these will be pre-assembled and skid-mounted to facilitate installation at 

the site and later removal. 

Fuels, oils and chemicals will be stored in accordance with applicable standards and guidelines 
(e.g. AS 1940, EPA guideline 080/16 Bunding and Spill Management). 

The sites will be fenced with stock-proof fencing to exclude larger wildlife and to control personnel 

access. 

Figure 3-4 shows the indicative layout of the site. (Note: Maps showing the location of the site in 

relation to the Leigh Creek Coalfield and surrounds are contained in Section 4.4).  

Figure 3-5 and Figure 3-6 show the expected layout at the inlet and outlet wells. 
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Figure 3-4: Indicative site layout of demonstration plant site 
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Figure 3-5: Three-dimensional model of equipment at the inlet well 

 

 

Figure 3-6: Three-dimensional model of equipment at the outlet well 
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3.4.2 Gasifier Arrangement 

The demonstration plant gasifier chamber (the underground void where ISG takes place) will be 
of a single dual Linked Vertical Well type with vertical inlet, observation and outlet wells linked by 
directionally drilling the final inlet well section of the inlet well within the coal seam. The injection 
point at the end of the inlet well tubing casing will be approximately 30 m from the outlet well, 

within the Leigh Creek Main Series Coal seam at a depth of approximately 540 m below ground 
surface.  This is shown in Figure 3-7.  

 

 

 

Figure 3-7: Schematic showing the depth and shape of the inlet well  

The gasifier will be a single chamber gasifier, which will be operated continuously during operation 
of the demonstration plant.  
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As the demonstration plant will operate over a short time frame (2 to 3 months), the injection 

point will remain in the same position (i.e. it will not be retracted to allow the ISG process to 
access more coal as would typically be the case for commercial operation).  

Based on geotechnical investigations to date and experience from previous gasification trials at 
other sites, the gasifier chamber is expected to be a tear drop shape in the order of 30 m by 30 m 

laterally and approximately 15 m in height at the end of the demonstration plant operation. 

3.4.3 Demonstration Plant Design Process 

The demonstration plant will be designed and operated in accordance with relevant Australian 
and International Standards, including those listed in Table 3-3.  

Table 3-3: Selected relevant Australian and International Standards 

Document Number Title 

AS1940 The Storage and Handling of Flammable and Combustible liquids 

ASME B16.5 Pipe flanges and flanged fittings 

AS3000 SAA Wiring Rules  

AS3008 Electrical Installations ς Selection of Cables  

AS3788 Pressure equipment ς in-service inspection 

ASME B31.3 Process Piping 

AS 4041 Pressure piping 

AS4100 Steel Structures  

AS4343 Pressure equipment ς hazard levels 

AS/NZ ISO 31000 Risk Management ς Principles and Guidelines  

AS60079 Electrical apparatus for explosive atmosphere  

API STD 520 ς Part 1 Sizing, selection and installation of pressure relieving devices in refineries Part 1 

API STD 521 Pressure ς Relieving and Depressuring Systems 

API RP520 ς Part 2 Sizing, Selection, and Installation of Pressure Relieving Devices in Refineries Part 2 
Installation 

AS1210 Pressure Vessels 

 

The engineering design will include various Safety in Design (SID) processes to minimise hazards 

during construction and operation of the plant. These SID processes will include: 

¶ Design Reviews 

¶ Hazard and Operability (HAZOP) study 

¶ Risk Assessments 

¶ Safety Integrity Level (SIL) analysis 

¶ Hazard Construction (HAZCON) study 

¶ Bow-tie risk analysis7 or equivalent (e.g. Layers of Protection Analysis (LOPA) ). 

The risk analysis and mitigation approach used in the engineering design will meet or exceed the 
recommendations of the Independent Scientific Panel, which recommended the following as 

                                                           

7 Bow-tie is a risk assessment method similar to the LOPA method, used by the process industry to assess 
the adequacy of the preventative controls and mitigating strategies for an activity, and ensure that process 
risk is successfully mitigated to an acceptable level. 



ISG Demonstration Plant EIR 

Leigh Creek Energy Limited ACN: 107 531 82 Page 35 of 156 

appropriate controls and strategies for ISG projects: site selection, process design, process 

control, critical alarms, safety instrumented systems, pressure relief systems, physical protection, 
plant emergency response and community emergency response. 

Table 3-4 summarises how the project design addresses each of these recommended controls and 
strategies.  

Table 3-4: Preventative controls and mitigation strategies for the demonstration plant 

Control or Strategy Description  

Site selection Site selected is disturbed, has no beneficial use aquifers, no sensitive 
environmental features, no sensitive land uses, is distant from nearby towns and 
has thick, low permeability layers above the target coal 

Process design The process system design will utilise relevant Australian and International 
standards for piping, vessel and valving. All systems will be designed to cater for 
the expected operating conditions with a factor of safety applied for design 
conditions. All equipment will be quality assured to meet the design conditions 
and pre-tested prior to operation 

Process control The plant will be automatically controlled using Programmable Logic Controller 
(PLC) to ensure equipment operates within the expected operating parameters 

Critical alarms Alarms will be provided from the control system, warning operations personnel 
that the plant is operating outside preferred targets in order for the operators to 
take appropriate action 

Safety instrumented systems The control system will automatically interlock or override control of equipment 
where undesired operating conditions occur. A Safety Integrity Analysis in 
accordance with AS61508 will be performed to determine where Safety 
Instrumented Systems are required and the Safety Integrity Level (SIL) required   

Pressure relief systems Mechanical protection via pressure safety valves will provide protection against 
excessive pressure. Emergency gas relief will bypass the main processing plant to 
a dedicated cold vent 

Physical protection Equipment will be configured to generally allow remote operation. Offices and 
control rooms will be located away from the main process plant. Fences will be 
used to control access to the process plant areas 

Plant emergency response LCK will implement an emergency response plan to cater for emergency situations 

Community emergency 
response 

The emergency response plan will cover any actions required to protect the 
community in emergency situations. There is a very low likelihood of an 
emergency situation involving the community due to the location of the site away 
from any populated area. 

 

3.5 Site Preparation and Earthworks 

Site preparation activities8 will include the following: 

¶ stripping of soil and clearing of vegetation from operational areas 

¶ earthworks, including grading of plant areas and installation of hardstand where required 

¶ construction of an unsealed access road from the adjacent sealed mine access road to 
provide a stable road base. 

                                                           

8 Site preparation and installation of surface infrastructure are expected to be undertaken under a separate 
activity approval under an existing SEO. See Section 1.2 and 2.1. 
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Areas of hardstand will be graded at the inlet, observation and outlet wells. Hardstand areas may 

be built up above the existing surface level to minimise the potential for inundation, and 
additional drainage (e.g. a culvert) may be installed under the unsealed road to the lower-lying 
area west of the site to minimise water pooling at the site. 

Ground disturbance and clearing will be limited to the minimum necessary. Topsoil will be 

stripped and stockpiled prior to construction for use in rehabilitation.  

Minimal excavation is expected to be required as the plant components (most of which will be 
skid-mounted) will be designed to be installed directly on the hardstand or on concrete blocks 
without the need for footings where possible (with the exception of the thermal oxidiser and cold 

vent due to their design standards). Piping and cabling are expected to be installed on pipe 
supports or in a metal cable tray supported above ground on concrete or timber blocks. 

Borrow pits may be established to provide hardstand and road construction material if suitable 
material is not available from existing sources (e.g. from existing borrow pits at the mine). 

3.6 Construction 

The demonstration plant will be constructed from pre-fabricated or packaged plant where 
possible, to minimise the amount of on-site fabrication and construction. Installation of above-
ground components of the plant is expected to take 6 weeks. 

3.7 Commissioning 

A commissioning approach based on process engineering risk management will be implemented, 
as recommended by the Independent Scientific Panel (Moran et al. 2013). Commissioning will 

involve best practice for risk management in process industries using recognised process risk 
based methods, including all the controls to ensure that the inherent risks are minimised from the 

outset.  

Detailed pre-commissioning and commissioning plans will be developed. The main process 

commissioning stage involves the following steps: 

¶ dry-out of the gasifier chamber using compressed air (outlet flow directed to cold vent) 

¶ insertion of initiation tool and subsequent initiation under pressure 

¶ monitoring the composition of initial gas released to detect products of gasification with 

gases flowing to cold vent 

¶ once gasification has established and oxygen levels fall to pre-determined value, the gases 
will be combusted in the thermal oxidiser 

¶ ramp-up of oxidant (air) flow and on-going gas composition analysis. 

Following initiation of the gasification reactions, the injection flow and gasifier chamber pressure 

and system performance will be monitored and adjusted in accordance with the operation and 

test plan regime. 

The initiation tool is likely to be a thermal lance, which is a conventional casing-cutting technology 
used in the oil and gas industry.  A thermal lance is a tool that heats and melts steel in the presence 
of pressurised oxygen to create very high temperatures to initiate the gasification reactions.  The 

initiation tool consists of a long steel tube packed with alloy steel rods, sometimes mixed with 
aluminium rods to increase the heat output.  One end of the tube is placed in a holder and oxygen 

is fed through the tube.  
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Other possible initiation tools, sourced from conventional suppliers in the petroleum industry, 

could include electric coil (heater) or gas torch devices. Initiation device selection will be 
dependent upon tool availability at the time of initiation.  

3.8 Operation 

Once commissioning is completed and gasification has commenced, the demonstration plant will 

be operated continuously for a period of approximately 2-3 months. It will be staffed on a 24-hour 

per day basis.  

3.8.1 Process 

The demonstration plant process involves the following steps. The process is shown schematically 
in Figure 3-8.  

Injection of air and water into the gasifier via the inlet well. Air compressors (which will be diesel 

powered for the demonstration plant) are used to pump air under pressure into the inlet well. 
Water will also be injected, to provide water required for the gasification reactions and make up 

shortfall in availability from groundwater in the coals.  

Gasification in the gasifier chamber (see Section 3.1 for discussion) 

Outflow of syngas from the outlet well. Syngas flows under pressure from the gasifier to the 
surface via the outlet well. Valves at the surface control the pressure in the gasifier chamber and 

the flow rate of gas. The outlet well will allow for water to be injected at the base of the well to 
cool the syngas prior to its transport to the surface if required. 

Separation of liquid and / or solid particulates from the syngas in the syngas clean-up equipment 
(a vapour-liquid separator knock-out drum). Liquid discharge (condensate) from the knock-out 

drum will be fed to the thermal oxidiser for destruction or to a condensate vessel for temporary 

storage. Condensate from storage may be destroyed in the thermal oxidiser or sent to tankage 

for off-site disposal if required. 

Gas metering and let down. Syngas flow and pressure are recorded and syngas pressure is 

reduced prior to being sent to the thermal oxidiser for destruction. 

Gas analysis and mass balance sampling are undertaken on a side stream of the syngas. Syngas 
is fed to the gas chromatograph which analyses the composition. Samples of the syngas can also 
be taken for trace analysis. A small flow of syngas will also be cooled to condense the water and 

condensable organic components in the syngas and allow sampling and analysis. 

The thermal oxidiser will be used to oxidise gases before release. Thermal oxidisers are used for 
pollution control of industrial gas streams; decomposing hazardous air pollutants and volatile 
organic compounds by thermal combustion at high temperature. Hydrocarbon based pollutants 
are chemically oxidised to form carbon dioxide and water. Excess water from the process may 

also be disposed of through the thermal oxidiser. The thermal oxidiser will allow for disposal of 
syngas even at low flow rates. Diesel fired burners will also be included to maintain the 

temperature required for destruction of the syngas under all foreseeable operating conditions. 

The cold vent will be installed to vent syngas in system upset conditions or emergency situations 
or if the thermal oxidiser is off-line. The cold vent may also be used for brief periods during 
initiation or shutdown procedures. Venting during gasifier initiation is required to let oxygen levels 
in the syngas drop below levels where a potentially explosive mixture could be present in the 

surface equipment. A pilot gas ignition source will be incorporated into the cold vent design to 

enable the syngas to be combusted, which will be utilised in the event that the thermal oxidiser 
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is not available and in accordance with standard operating procedure which details Abnormal or 

Emergency Situations.  

Most of the scenarios that would require use of the cold vent during operations (e.g. detection of 
high oxygen concentrations, process trips (e.g. high pressure or temperature)) are expected to 
have a duration in the order of 30-60 minutes and if they occur, would be infrequent. The thermal 

oxidiser is a high reliability system and is expected to operate for the duration of the 
demonstration without requiring major maintenance (i.e. being shut down). Minor maintenance 
of the unit, which could be required during commissioning, would typically require venting for 
less than 60 minutes. If venting for extended periods is required (e.g. in the unlikely event that 

the thermal oxidiser requires major maintenance), ignition of the flow from the cold vent using 
the pilot gas ignition source would significantly minimise the potential for odour. A supplementary 

fuel (LPG) is included in the design of the cold vent ignition system to allow combustion of low 
calorific value syngas. If the thermal oxidiser was to be unavailable for a prolonged period, flow 
rates would be reduced and an assessment undertaken to decide whether the gasifier operation 

should continue, based principally on capacity for storage of produced fluids (as well as any 
potential for odour impacts). 

3.8.2 Process Control 

The process will be monitored and controlled on site by LCK operators and engineers. Process 
control and operation of all components will allow both automatic and manual control. 
Automated and manual emergency shutdown will be provided where needed on the 

demonstration plant. 

During the operation of the demonstration plant, process parameters such as water and air 

injection rates and gasifier pressures will be varied to investigate the performance of the gasifier 

under varying conditions. This will be carried out in accordance with a testing schedule developed 

during the detailed design phase.  

Intensive monitoring will be carried out to monitor process and environmental parameters. 

Monitoring is discussed further in Section 3.10. Air and water injection rates, gasification 
temperature and pressure in the downhole and surface equipment will be the main parameters 

used in control of the gasification process.  

A number of control actions will override the operation if the plant parameters move outside the 
desired operating range. For example, the control system will override air injection if the gasifier 
pressure or temperature rises above the pre-defined set-point.  

The plant will have provisions for emergency shutdown (ESD) which will shut off injection of 
oxidant and divert gas from the outlet well to the cold vent.  The ESD system covers the inlet 
(oxidant injection) and outlet end plant sections. When activated, the ESD system will place safety 
critical instruments into fail safe position. The philosophy of the ESD system is described below: 

¶ Injection ESD: The philosophy of the injection ESD is to isolate oxidation air and water from 

the gasifier, resulting in cessation of ISG reactions.  

¶ Plant ESD:  The philosophy of the Plant ESD is to isolate the outlet end plant from the gasifier 
and direct gasifier flow to the cold vent for disposal as well as initiating the injection ESD.   

As noted in Section 3.1, the ISG reactions will quickly cease without the injection of oxidant.  

After the demonstration plant has run for an appropriate length of time to gather adequate data 
on performance of the process in the Main Series Coal, the gasifier will be shut down. A trial 

restart of the gasifier may be carried out, in order to gather data that will be relevant for future 
operations. The restart process will be similar to the commissioning process described in 
Section 3.7.
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Figure 3-8: Demonstration plant overall process
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3.8.3 Expected Syngas Composition and Flow Rate 

Table 3-5 summarises the expected composition of the syngas that will be produced, based on 
analysis of the coal and modelling. Confirmation of syngas composition under varying conditions 
and over the life of the gasifier is one of the prime objectives of demonstration plant operation, 
as noted in Section 1; consequently, concentrations of various components may vary from the 

values shown. 

Table 3-5: Expected composition of syngas produced by the demonstration plant 

Property Units Min Max Normal 

Hydrogen Vol % 5 25 22.0 

Methane Vol % 1 15 2.9 

Carbon Monoxide Vol % 2 15 10.7 

Ethane Vol % 0 2 <1 

Ethylene Vol % 0 2 <1 

Hydrogen Sulphide Vol % 0 0.06 0.03 

Oxygen Vol % 0 20 (dry-out purging) <1 

Carbon Dioxide Vol % 5 50 17.5 

Nitrogen Vol % 35 45 41.3 

Water Vol % 0 30 10 

Condensate  w/w % 0 10 4.0 

Temperature oC 50 325 200 

Pressure barg 20 35 30 

 

The expected flowrate of syngas is 10,000 Sm3/h on average with a maximum of 18,000 Sm3/h 

(standard conditions are referenced to 0°C and 1 atmosphere pressure). 

3.9 Decommissioning and Rehabilitation 

Once the demonstration plant has generated the necessary data, injection of air will be stopped 
and the gasifier will be decommissioned as described in Section 3.1.5. Syngas will continue to be 
analysed and processed at the surface as syngas outflow slowly declines. Downhole temperature 
and pressure will be monitored throughout decommissioning. 

When gasification reactions have ceased (which is expected to take no more than 48 hours) the 

outlet well will continue to be used to allow syngas to flow to the surface. This syngas, through 

the steam cleaning process described in Section 3.1.5, will carry some of the COPC out of the 
gasifier chamber. The syngas and any COPC produced will be destroyed in the thermal oxidiser. 

Once the gasification processes have ceased, the chamber is expected to contain mostly residual 
carbon dioxide, an inert gas. Once the flow rate and gasifier pressure reaches a target low level, 
the wells will be shut in. Water will be allowed to return to the chamber and regular samples 
taken if technically feasible.  

Additional investigations to provide further data to inform potential future commercial operations 
may be undertaken within several months to several years of shut-in of the gasifier chamber, 
including:  

¶ A drill rig may re-enter the observation well to core through the ash pile at the base of the 
gasifier chamber. The core samples would be tested for COPC and physical properties. 
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¶ Geophysical logging of the observation and outlet wells to assess the performance of the 

selected casing and grouts. 

¶ Geophysical imaging techniques such as seismic, electrical techniques or other techniques 
may be used to image the chamber from surface. 

¶ Geophysical and optical imaging techniques may be used in the observation and outlet wells. 

When no longer required, infrastructure at the surface will be removed and the site rehabilitated. 
The surface will be reprofiled and stockpiled topsoil will be respread. Any areas of contamination 

(e.g. from spills) will be managed consistent with the principles of the NEPM9 and relevant EPA 

guidelines.  

Equipment removed from the site will be disassembled and inspected for corrosion and wear. 
Where suitable for reuse it will be stored either on site at a designated laydown area, or off site. 
Equipment that is not suitable for reuse will be transported to an appropriately licensed facility 
for recycling (where possible) or disposal. 

The wells will remain in place until they are no longer required for monitoring duties, at which 
time they will be decommissioned in accordance with Petroleum and Geothermal Energy Act 

requirements. The well decommissioning program will include placement of a cement plug in the 
surface casing, removing the well head, cutting the casing off below ground level and installation 
of an above ground plaque. Decommissioning programs are submitted to DPC for prior approval. 

3.10 Monitoring and Data Collection  

A large amount of data will be collected during the lifecycle of the demonstration plant, 

encompassing both technical performance and environmental aspects as part of a robust quality 
assurance program.  The main stages of the project include the baseline (site characterisation), 
pre-commissioning (construction and testing), operations, and post-operation (closure and 

monitoring). 

During these stages, various monitoring and data collection activities will occur on the in situ 
gasification performance of the Main Series Coal, groundwater information, environmental data 

and geotechnical data for verification and future interpretation, and planning and design of a 

possible commercial facility. An important aspect of the planned monitoring is to demonstrate 

that there has been containment of COPCs generated by the ISG process within the gasifier 
chamber. 

The planned monitoring and data collection is summarised below. 

Stratigraphy: Detailed logging of the drill core as part of baseline studies will provide information 

on the various rock units that occur above, within and below the demonstration plant site. This 

will enable the optimum siting of the demonstration plant, demonstrate that low permeability 
rock formations are continuous laterally and vertically and provide information on potential 

geological structures such as fractures, faults and other discontinuities that could impact the 
performance of the demonstration plant and migration of COPC. 

Coal analysis: Laboratory analysis of the drill core will be undertaken as part of baseline studies 

to determine the basic gasification potential of the coal at the project, model gasification 
behaviour, and relate gasification results to testwork plan outcomes. 

Geotechnical test work: Geotechnical drilling has been undertaken as part of a current drilling 
program to provide information to allow further assessment of rock conditions adjacent to the 

                                                           

9 National Environment Protection (Assessment of Site Contamination) Measure (1999) amended in 2013 
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gasifier and to also allow the recovery of geotechnical samples for testing. In addition, each 

section of core has been carefully examined, photographed and geotechnically logged to allow an 
understanding of the condition of the geological defects, potential presence of faults, shears or 
adverse geological features.   

Near surface settlement markers will be installed prior to commissioning and will be monitored 

by way of high resolution survey during operation of the gasifier and decommissioning to assess 
whether settlement, attributable to the demonstration plant, occurs.  

Post-decommissioning access of the chamber via the pre-drilled observation well is proposed if 
technically feasible to monitor the actual configuration of the chamber (top height, geometry and 

location) for comparison with expected geometry and for use in design of the commercial 
operation. 

Groundwater quality: The chemistry of groundwater in the demonstration plant area will be 
assessed by sampling and laboratory analysis for a range of chemicals prior the commencement 

of site activities. Sampling and analysis will also be undertaken for a range of diagnostic chemicals 
which are indicative of ISG operations during the operational stage and continue into the post-
operational stage to confirm that site activities have not caused the introduction of COPC from 

the ISG process to groundwater that could result in an adverse impact on the environment and 

third party users of groundwater.  Groundwater quality monitoring also provides for the detection 
of COPC and implementation of corrective action, in the unlikely event of escape from the gasifier 
area.  

A groundwater monitoring plan will be developed which will specify the location, depth, 
frequency and analytical suite for groundwater monitoring, detail the water quality parameters 

for reporting and outline the methodology for assessing whether there has been an adverse 

impact on background water quality.  Monitoring wells are planned to include:  

¶ sentinel monitoring wells located in and adjacent to the coal seam approximately 50 m 

laterally from the gasifier upgradient and downgradient 

¶ sentinel monitoring wells located in the Main Series Overburden above the gasifier at 

approximately 80 m below the surface.  

A monitoring well (referred to as the operational monitoring well) will also be installed as close as 

possible to the gasifier chamber to provide information on the environment immediately adjacent 
to the chamber. This well (which will be designed and constructed to manage the potential 

pressures and temperatures expected within the chamber) is intended to be within the area 
where changes are likely to occur and would not be used for assessing achievement of 

environmental objectives.  

Monitoring is expected to continue for a period of three years, with sentinel monitoring wells 
sampled monthly for 12 months, if stable reducing to quarterly for 12 months, and then six 
monthly for 12 months. The operational monitoring well is planned to be sampled weekly during 

operations, reducing to monthly after three months post shutdown, and then following the same 
frequency as the sentinel monitoring wells thereafter. At the end of three years if the operational 
monitoring well and sentinel wells show that groundwater quality has not been adversely 

impacted then monitoring will cease.  

Groundwater pressure: Real time monitoring of the groundwater pressure will be undertaken in 
monitoring wells surrounding the demonstration plant (see Figure 3-9) during baseline, pre-

commissioning, operation and post-operation to confirm that the groundwater pressure around 
the demonstration plant is higher than the operating gasifier pressure in order to avoid outward 
pressure gradients which could cause COPC to migrate away from the gasifier. 
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Groundwater temperature: Monitoring of temperature in the monitoring wells will be 

undertaken to provide baseline data during pre-commissioning, operation, and post-operation to 
provide an indication of the lateral and vertical extent of heating as initial studies have suggested 
that heating of the rock mass can cause changes to the rock mass, such as delamination, and cause 
a change to the solubility of the COPC. 

Soil chemistry: The near surface soils in the demonstration plant area will be sampled and 
laboratory analysis undertaken for a range of chemicals prior to the commencement of site 
activities to determine existing baseline conditions. Following completion of site activities, the 
near surface soils in the demonstration plant area will be re-sampled and laboratory analysis 

undertaken to confirm that site activities have not resulted in an increase of COPC that could 
cause an adverse impact on the environment.   

Soil vapour: Soil vapour monitoring wells will be installed in the demonstration plant area (see 
Figure 3-9) to enable sampling of gases in the sub-surface, initially to provide baseline information 

on gases that may be present naturally (baseline levels), pre-commissioning, during operation, 
and post-operation to provide information on whether there has been any migration of gases 
from the gasifier.  

Air quality: Real time monitoring of wind intensity and direction is proposed to be undertaken 

throughout the project and visual monitoring undertaken to assess dust generation due to 
operations. The integrity of piping will be tested prior to commissioning through pressure testing 
to ensure the risk of fugitive emissions is minimised. Occupational monitoring of gases during 

commissioning and operation of the demonstration plant will be undertaken using hand held 
monitors to detect levels that could impact occupational health. Ambient air quality and odour 

measurements will be undertaken at locations around PEL 650 and at selected sensitive receptors 

on several occasions throughout the project lifecycle. 

Operating Conditions: Temperature, pressure and flow in the inlet and outlet wells will be 

measured and used in control of the gasifier, and to ensure operating conditions for the gasifier 

and above ground plant are maintained within design limits.  Temperature and pressure will 
continue to be measured post operations as part of the decommissioning and closure.    

Syngas composition: Data on syngas chemical composition will be collected during operations 

under varying conditions to correlate modelled coal gasification performance (based on coal 
analysis data collected during the baseline), to understand the performance of ISG for the deposit, 
and to provide the major and minor gas constituent analysis for determination of gas processing 

and handling requirements during a commercial scale gasification project.  

Mass balance: Mass balances will be performed during operations using the measured flows and 
syngas composition to back-calculate the amount of coal being gasified.   

Planned monitoring and data collection are summarised in Table 3-6. 

Rationale for Groundwater Monitoring Frequency 

As groundwater movement through formations around the gasifier is likely to be very slow (a few 
millimetres to a few metres per year), it is highly unlikely that any detection of COPC from a 

gasifier loss of containment will be made using a groundwater quality monitoring program.  Since 
groundwater pressure changes can be transmitted through the formation much faster than 
groundwater flow and chemical movement, real time monitoring of the gasifier will be 

undertaken using vibrating wire piezometers (VWPs) installed in wells around and above the 
gasifier.   

In the event of a potential loss of containment, water quality in the operational monitoring well 
(which is installed as close as possible to the gasifier chamber) can be used to assess the rate and 
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magnitude of any COPC release to the formation.  This well will not be used for assessing 

achievement of environmental objectives , but rather as an indicator well, as it would be located 
within the operational zone of influence. 

The sentinel monitoring wells (installed at a distance of approximately 50m laterally from the 
gasifier) are intended to detect any change in COPCs relative to background in the event of a 

potential loss of containment before they move beyond the 100 m operational zone.   

On this basis the proposed groundwater monitoring frequencies are: 

¶ groundwater pressure (piezometer) wells ς VWP data will be collected continuously and 
reviewed live.  Any sustained increase in pressure in the VWP network will trigger a review 
and response action for gasifier operation 

¶ operational monitoring well - water quality sampling will occur weekly and results reviewed 
in the context of gasifier operations, VWP data, and background well data  

¶ sentinel monitoring wells ς water quality sampling will occur monthly and be reviewed in the 

context of background well data and to identify if there are any significant changes over the 
seasonal cycle.   

Table 3-6: Demonstration plant project lifecycle monitoring and data collection 

 Frequency Project Lifecycle Stage 

Baseline Pre-
Commissioning 

Operation Post-
Operation 

Stratigraphy Once V    

Coal analysis Once V    

Geotechnical test work Pre and post operations V   V 

Groundwater quality Monthly* 

(weekly in operational 
monitoring well) 

V V V V 

Groundwater pressure Continuous, real time V V V V 

Groundwater temperature Continuous V V V V 

Soil chemistry Pre and post operations V   V 

Soil vapour Monthly* V V V V 

Air quality Monthly* V V V V 

Inlet well pressure Continuous   V V 

Outlet well pressure Continuous   V V 

Inlet well temperature Continuous   V V 

Outlet well temperature Continuous   V V 

Air and syngas flow Continuous   V  

Injection water flow Continuous   V  

Syngas composition Continuous   V  

* Monthly sampling during operations. Will reduce following the completion of site activities. 
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Figure 3-9: Indicative monitoring well locations 
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3.11 Other 

3.11.1 Water Supply / Use 

The ISG process is expected to require in the order of 0 to 8 kL of water per hour to supplement 
the water that is present in the coals, and to assist with cooling the syngas prior to entering the 
outlet well. This requirement will be investigated further by hydrogeological investigations into 

the Main Series Coal and will be confirmed during the operation of the demonstration plant by 

undertaking a series of trials to assess the optimal water flow rate within the parameters of the 
available water supply.   

Water for injection is expected to be sourced from the existing mine industrial catchment (i.e. the 
same water used currently to water roads) with potable quality water potentially supplied by a 
third party supplier (such as SA Water or others) injected into the outlet well as well as used for 

cementing of wells. Water will be either trucked to the demonstration plant site and stored on-

ǎƛǘŜ ƛƴ ǘŀƴƪǎΣ ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ǿƘƛŎƘ ǿƛƭƭ ōŜ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘǿƻ ŘŀȅǎΩ ǎǳǇǇƭȅΣ ƻǊ 

supplied from a pipeline joining the SA Water pipeline feeding the Flinders Power offices. 

Potable water for use in the site office and ablutions block will be transported by truck from Leigh 
Creek or the Flinders Power mine supply and stored in tanks on site (as described above). 

3.11.2 Power Supply  

Power will be supplied by diesel generators at the site. It is expected that there will be generators 
at both the inlet and outlet wells, each of approximately 200 kVA capacity. 

3.11.3 Waste Management 

A range of wastes will be generated during the proposed operations. Expected wastes are 

summarised in Table 3-7. 

As the demonstration plant will only operate for a short timeframe, the quantities of waste 

generated during the demonstration will be relatively limited. 

Generation of domestic waste (e.g. food waste and packaging, paper, plastics, cans and glass) will 

be limited as personnel will be accommodated off site (see Section 3.11.6). All domestic waste 
will be disposed of at the Leigh Creek Township EPA licensed landfill (which is currently operated 
by The Outback Communities Authority).  

Waste streams will be segregated on site and collected and stored in covered bins before being 

transported to appropriate facilities for reuse / recycling (where possible) or disposal. Waste 

management practices will be guided by the principles of the waste hierarchy (i.e. avoid, reduce, 
reuse, recycle, recover, treat, dispose). 

Table 3-7:  Typical waste streams and their management 

Waste Type Disposal Options 

Domestic Waste  

Sewage and grey water Collected in an approved holding tank, periodically emptied and removed for 
disposal by a licensed contractor.  

Food waste  Collected for disposal to licensed facility. 

Paper and cardboard Collected at the site for recycling where possible or disposal to licensed 
facility. 

Plastic, glass and cans Collected at the site for recycling where possible or disposal to licensed 
facility. 
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Waste Type Disposal Options 

Non-domestic Waste  

Maintenance waste (oil, rags, 
filters) 

Collected for disposal to licensed facility. 

Chemical bags and cardboard 
packaging 

Compacted and collected at site for disposal to licensed facility. 

Scrap metals Collected in designated skip for recycling or to licensed facility. 

Used chemical and fuel drums Collected in designated skip for return to supplier or recycling. 

Used filters Collected for disposal to licensed facility (following analysis of captured 
particulates from the gas stream where relevant). 

Chemical wastes Licensed waste depot or return to supplier. 

Timber pallets Recycled or licensed disposal facility. 

ISG Products  

Syngas Thermal oxidation 

Condensate Thermal oxidation  

Produced water Thermal oxidation or used as cooling water in inlet and outlet wells.  

Impacted soil (if required e.g. 
from spills or leaks) 

Bioremediation on site as required and reuse or disposal off-site to licensed 
facility. 

 

3.11.4 Fuel and Chemical Storage and Management 

A variety of fuels and chemicals will be required for the proposed operations. These include fuel 

(diesel), oils, paint, solvents and corrosion inhibitors. Fuel, oils and chemicals are stored in 
accordance with applicable standards and guidelines (e.g. AS 1940, EPA guideline 080/16 Bunding 
and Spill Management), typically in approved containers in lined bunded areas or on self-bunded 

pallets. 

Approximately 170,000 L of diesel will be stored on site to provide fuel for the compressors, 
generators and thermal oxidiser. This will be stored in accordance with AS 1940, in bunded tanks 
or double-skinned tanks. Drip bunds will be used under hose connections during refuelling. Diesel 
transfer will be performed by appropriately trained personnel from reputable diesel suppliers.   

Total diesel use over the period of operation of the demonstration plant is expected to be in the 

order of 1.1 ML. 

3.11.5 Spills and Emergency Response 

Appropriate spill containment and clean-up equipment will be maintained on site, including 
chemical and hydrocarbon spill kits. If spills occur they will be contained, reported (internally and 

to regulatory agencies where required) and cleaned up by treatment in situ or elsewhere on the 

demonstration plant site where appropriate, or by removal off-site for treatment or disposal. A 

spill response and emergency response plan will be in place detailing actions to be taken to 
minimise the impacts of accidents and incidents. In relation to the emergency response services 
in the region, the following are also available: 

¶ Leigh Creek Country Fire Service (CFS) and State Emergency Services (SES): fully equipped 
Fire appliance including Breathing Apparatus (BA) with HAZMAT and road crash rescue 
capabilities and trained volunteers 

¶ Leigh Creek South Australian Ambulance Service SAAS: fully equipped Ambulance and trained 
volunteers 
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¶ Leigh Creek Health Services: medical clinic staffed by two fulltime, remote-area nurses, 

providing a 24/7 on call service.  The Leigh Creek Health service also provides a General 
Practitioners service once weekly. 

¶ Leigh Creek South Australian Police (SAPOL): fulltime staffed police station 

¶ Royal Flying Doctors Service (RFDS): emergency flights based out of Adelaide and Port 
Augusta  

¶ Hawker Memorial Hospital: fully operational regional hospital, 156 km south of Leigh Creek, 

providing both medical and surgical hospital services 

¶ Flinders Power (currently available on site) Volunteer Emergency Response Team: fully 

equipped Ambulance, fully equipped Fire Appliance, HAZMAT Response. 

In addition, LCK provides an auto defibrillator, remote-area first aid kits, portable burns kit and 
portable eyewash station. LCK also plans to have a least one staff member on site, who is trained 
to Occupational First Aid level (as a minimum) at all times. 

3.11.6 Workforce and Accommodation 

A workforce of approximately 15 to 20 will be required during construction and commissioning of 

the demonstration plant. This will reduce to approximately 15 during operation. 

The workforce will be accommodated in existing accommodation at Leigh Creek and/or Copley. 

3.11.7 Access and Transport 

The site will be accessed via the sealed public road network and the sealed main access road into 
the Leigh Creek Coalfield.  

The demonstration plant equipment will be delivered to site via the road network. With the 

exception of the thermal oxidiser, all components are expected to be able to be transported as 

standard loads and significant disruption or closure of roads will not be required. The thermal 
oxidiser will be an oversized load and will be transported in accordance with any necessary 

permits obtained under the Road Traffic Act 1961. 

During operation of the demonstration plant, traffic will largely be restricted to light vehicles with 

a limited number of truck movements required, primarily for fuel deliveries and transport of water 

or waste. 

3.12 Integration of Learnings from Previous Projects 

Approximately one hundred experimental, pilot and demonstration ISG operations have been 
undertaken globally in the last eighty years (Hyder 2012, Camp and White 2015, Burton et al. 
2013). These have shown the process to be technically feasible, and over this time the technology 
and understanding of the process has continually improved (Camp and White 2015). 

The potential for adverse impacts to groundwater is recognised as a key risk for ISG. Historical 

experience with ISG includes a small number of cases in which serious groundwater 
contamination occurred and many cases with little to no environmental impact (Camp and White 

2015, Burton et al. 2013). The demonstration plant project will apply learnings from previous ISG 
projects to ensure that environmental risks are identified and appropriately managed, and that 
the project does not result in significant adverse impacts.  

In particular, the project will follow the recommendations of the Independent Scientific Panel 

(Moran et al. 2013) and other recently published information (e.g. Hyder 2012, Camp and White 

2015, Camp 2017). All publicly available results and reports of recent pilot projects in Queensland 
have also been reviewed by LCK personnel, and learnings have been incorporated into the design 

of this project.  
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A key aspect of the Leigh Creek Energy Project that differentiates it from the Queensland pilot 

projects is site selection. As discussed in Section 3.3, the demonstration plant site in the Leigh 
Creek Coalfield is considered highly suitable for ISG, and the factors that have been raised as issues 
in some of the Queensland trials (e.g. shallow depth of coals, sensitive land use and presence of 
aquifers with beneficial uses) do not occur at the Leigh Creek site. In addition, techniques that 

have been raised as potentially problematic in some Queensland pilots, such as fracturing of the 
coals to create a pathway between inlet and outlet wells, will not be used for this project (instead, 
inlet and outlet wells will be linked by directionally drilling the final section of the inlet well within 
the coal seam). 

As noted previously (Section 3.1.5), the Carbon Energy pilot in Queensland did meet the 
recommended requirements of the Independent Scientific Panel, and demonstrated safe and 

effective decommissioning of the pilot panel (Garrett 2016).  

3.13 Future Strategies for Greenhouse Gas Management 

Developing suitable strategies for management of greenhouse gases, particularly carbon dioxide 
(CO2), will be an important element in planning for any future commercial-scale ISG development. 

A key outcome from the demonstration plant is an understanding of the composition of the gases 
produced, their volumes, temperature, pressure and flowrates. The information developed on 

CO2 production will allow LCK to identify the most appropriate mitigation strategies and CO2 
capture technology for any future development.  

There are a number of CO2 mitigation strategies that will be assessed once the required data is 
obtained from operating the demonstration plant, including geological sequestration in disused 

gasifier cavities underground, use in the production of urea (a valuable fertiliser), or combination 
using waste heat to form liquid fuels. These are discussed further below.  

Sequestration 

Geological sequestration of CO2 involves the emplacement of CO2 deep into the ground where it 

cannot move back to the surface. While it is yet to be investigated for technical viability at the 
Leigh Creek site, two opportunities for storage at the site exist, these being within disused gasifier 
cavities using the installed pipework and drillholes, or deeper into the fractured basement 
underlying the coal formations.  

The carbon capture process usually involves four stages: 

1. CO2 is captured and separated from industrial emissions 

2. CO2 gas is compressed into a liquid-like form 

3. CO2 is transported along a pipeline to a suitable storage site 

4. CO2 is injected deep underground into secure geological formations for long-term storage. 

LCK holds Gas Storage Exploration Licence 662 (GSEL662) under which it intends to explore for 
and test the suitability of geological sequestration of CO2 at the Leigh Creek site.  LCK would look 

to partner with specialist bodies such as the CSIRO, which has a National Geosequestration 
Laboratory in Perth and/or the Global Carbon Capture Institute in Melbourne. 

Urea production 

One of the potential commercial product streams that will be assessed on completion of the 
demonstration plant will be the production of ammonia and ammonia products (urea). 
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¦ǊŜŀ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀƭƳƻǎǘ рл ǇŜǊ ŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƴƛǘǊƻƎŜƴ ŦŜǊǘƛƭƛǎŜǊ ǇǊƻŘǳŎǘƛƻƴΦ Lǘ ƛǎ ǇǊƻŘǳŎŜŘ 

by combination of ammonia and CO2 at high pressure and temperature. Urea production is 
ŎƻƴǎƛŘŜǊŜŘ ŀ ΨŎŀǇǘƛǾŜΩ ǳǎŜ ƻŦ /h2 (i.e. CO2 is produced and then used within the same industrial 
process).  Urea can also be used to produce urea-ammonium nitrate (UAN) one of the most 
common forms of liquid fertiliser. 

Forecast total worldwide urea fertiliser demand in 2018 is anticipated to be 200 million metric 
tonnes, with approximately 1.9 million tonnes is used in Australia, 1.7 million tonnes of which is 
imported. 

Fuel production 

Using waste heat from other processes on the site, CO2 can be readily converted to fuel products 
using the Sabatier reaction in which CO2 combined with hydrogen creates methane and water. 

This has been demonstrated by Carbon Recycling International (outside Reykjavik in Iceland) who 
have developed methanol from CO2 emissions from a power station combined with hydrogen 

obtained from electrolysis of water.    

Besides use as a liquid fuel, methanol can then be converted to formaldehyde, which is further 
treated to form resins, glues and various plastics, and for the production of acetic acid which is 

then used for the production of polyester fibres and PET plastics. 

Forecast total worldwide methanol demand is likely to surpass 95 million metric tonnes by 2021, 
with approximately 1.5 million tonnes is used in Australia, all of which is now imported. 
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4 Existing Environment 

4.1 Overview 

The proposed demonstration plant site is located within the Leigh Creek Coalfield in northern 

South Australia. Coal was initially discovered at Leigh Creek in 1888 and intermittent testing and 
mining took place with limited success over the next 55 years. Open cut mining officially 

commenced in 1943 under the management of the Engineering and Water Supply Department 
(EWS) until the Electricity Trust of South Australia (ETSA) took control of the Coalfield in 1948 as 
part of the process of developing the Port Augusta Power Station.  

The Leigh Creek Coalfield was originally defined as comprising three distinct basins; Copley Basin 

(Lobes A and E), Telford Basin (Lobe B) and Northfield Basin (Lobes C and D). Three of these Lobes 

(Lobes B, C and D) have been actively mined. The Copley Basin (Lobes A and E) were not included 

ƛƴ ŀƴȅ ƳƛƴƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ [/YΩǎ t9[ 650. 

Open cut mining coƳƳŜƴŎŜŘ ƛƴ мфпо ƛƴ [ƻōŜ .Σ ǿƘƛŎƘ ǿŀǎ ƪƴƻǿƴ ŀǎ ǘƘŜ Ψ¢ŜƭŦƻǊŘ hǇŜƴ /ǳǘΩΦ 
Mining at Lobe D and Lobe C to the north began in 1948 and 1963, respectively. These deposits 
were mined until September 1977 using conventional open cut mining methods with overburden 

broken by blasting, and dragline cuts into coal.  

The coalfield was enlarged after the decision in the 1970s to build an additional power station at 
Port Augusta. This involved new methods to extract deeper coal, increasing production, building 

a retention dam to divert Leigh Creek and prevent possible flooding of the field and diverting the 
main highway around the coalfield. The Leigh Creek township was relocated from the coalfield to 
its current location. Open pit strip mining was employed at the pits on Lobes C and D of the Leigh 

Creek Coalfield until the early 1990s when the terrace (or haulback) mining method was adopted 
to extend the life of the Lobe B mine (PIRSA 1997).  

Mining ceased in November 2015, following a decision by Alinta Energy to close the mine as it had 

become uneconomic. Flinders Power Partnership (previously a subsidiary of Alinta Energy) is 
currently undertaking closure activities at the Leigh Creek Coalfield. 

The Leigh Creek Coalfield includes the following components, which are shown in Figure 4-1: 

¶ Lobe B (the Telford Basin) which is the largest and deepest of the basins in the coalfield; it 

encompasses the large Main Series Pit, the smaller Lower and Upper Series pits, extensive 
waste rock dumps (which cover an area of over 10 km2), the remnants of the original 

township of Leigh Creek and mine site offices and other buildings 

¶ Lobes C and D to the north, including pits and waste rock dumps 

¶ numerous access roads, power lines, train loading facilities and the train line to the east 

¶ the Retention Dam to the south of Lobe B, which captures and diverts the flow of Leigh Creek 

around the site and is also used by the public for recreational activities 

¶ a town landfill to the west of Lobe B. 

Other features of note in the area include the townships of Copley and Leigh Creek to the south, 
and associated infrastructure including the airport and Aroona Dam, which provides the town 

water supply.  

The proposed demonstration plant site is located within Lobe B, between the Main Series and 
Upper Series pits (between the waste rock dumps). The site has been highly disturbed as a result 
of previous mining activities, including earthworks across the site, depressurisation and 
dewatering of aquifers in the Telford Basin (to the south of the Upper Series Pit), diversion of 
natural surface water flows, and significant disturbance to native vegetation. At present there are 
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no ongoing coal mining operations and the coalfield has entered into closure planning and 

implementation. Copley is located approximately 8.5 km from the proposed demonstration plant 
site and Leigh Creek 12 km, and the presence of the pits and waste rock dumps effectively enclose 
and buffer the site from the area outside the coalfield. 

 

Figure 4-1: Leigh Creek Coalfield and surrounds   
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Plate 4-1: Upper Series Pit at the Leigh Creek Coalfield 

 

Plate 4-2: Typical waste rock stockpiles at the Leigh Creek Coalfield  
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4.2 Cultural Heritage 

4.2.1 Aboriginal Cultural Heritage 

PEL 650 is located in the northern Flinders Ranges region which is culturally significant to the 
Adnyamathanha Aboriginal People. The Adnyamathanha have a long history of occupation in this 
region which was significantly disrupted when the country was opened up to pastoral settlement 

ŀƴŘ ƳƛƴƛƴƎ ŦƻƭƭƻǿƛƴƎ 9ǳǊƻǇŜŀƴ ŜȄǇƭƻǊŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ муплΩǎ όNorthern Flinders Ranges SCB 

2004).  

The Adnyamathanha maintain a strong connection to the project region including ownership of 
the Myrtle Springs and Leigh Creek pastoral stations adjoining PEL 650, the community of 
Neppabunna and Igawarta, management of the Nantawarrina Indigenous Protected Area (IPA) 
located approximately 50 km south-east and co-management of the Vulkathunha - Gammon 

Range National Park located 50 km to the east. The IPA and national park are of great cultural 

significance as traditional tribal territory and places of culturally important sites. Areas of cultural 

heritage significance to the Adnyamathanha people and evidence of long term occupation in the 
region include song lines, stone arrangements, rock art, occupation sites, graves and ochre 
quarries (DoE 2013; DEH 2006). The Leigh Creek area forms part of the Adnyamathanha Dreaming 
journey of Yulu the Kingfisher Man to Wilpena Pound (Ikara). 

A search of the Central Archive, which contains the Register of Aboriginal Sites and Objects (DSD-
AAR 2016) indicated that there are 22 registered or reported sites within 10 km of PEL 650. One 

registered site and two reported sites are located within the PEL. Site types on the Register 
identified in the region include objects, archaeological sites, engravings, quarries, and ceremonial 

and burial sites. Two of the sites located outside the PEL are identified as restricted sites.  

The landform and ground surface at the site of the demonstration plant is heavily disturbed and 
has been at least partially graded. Old roads, excavations, small stockpiles and other disturbance 

are prevalent across the site. There are no Aboriginal cultural heritage sites registered at or in the 

immediate vicinity of the demonstration plant site (however undiscovered Aboriginal sites may 
still be present in areas which have been previously disturbed). 

The Aboriginal Heritage Act applies to the entirety of the Leigh Creek Coalfield (including PEL 650) 
and provides for the protection of all Aboriginal sites, object and remains, including recorded, 

reported, or undiscovered heritage. The protection extends to Aboriginal sites, object and 

remains which may exist in areas which have been disturbed in the past and / or subject to a 
cultural heritage survey or work area clearance. 

LCK has signed a cultural heritage agreement with the Adnyamathanha Traditional Lands 
Association and cultural heritage clearances have been undertaken. 

4.2.2 Non-Aboriginal Heritage 

Non-Aboriginal heritage in the region dates back to early exploration of the region by Edward Eyre 

beginning in 1839 and the subsequent opening up of the area through pastoral expansion and 
ǎƳŀƭƭ ǎŎŀƭŜ ƳƛƴƛƴƎΦ .ȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ мурлΩǎ Ƴŀƴȅ ƳƛƴŜǎ όƳƻǎǘƭȅ ŎƻǇǇŜǊύ ƘŀŘ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ 
the Northern Flinders Ranges. Coal bearing shales were discovered at Leigh Creek in 1888 and 
ƭŀǘŜǊ ŀōŀƴŘƻƴŜŘΣ ŀƴŘ ƛǘ ǿŀǎ ƴƻǘ ǳƴǘƛƭ ǘƘŜ мфплΩǎ ǘƘŀǘ ǘƘŜ ŘŜǇƻǎƛǘǎ ǿŜǊŜ ǊŜŎƻƴǎƛŘŜǊŜŘ ŦƻǊ 
exploration. Many of the historical sites in the region are associated with early mining exploration 

and production works (Northern Flinders Ranges SCB 2004). 

A number of sites relating to the early pastoral and mining history in the broader region are listed 
on the South Australian Heritage Register (DEWNR 2016b). The closest to PEL 650 is the Copper 
King Copper and Ochre Mine located 15 km to the south. Other sites include: 
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¶ Paull's Consolidated Mine - 27 km east of the PEL 

¶ Sliding Rock Mine - 30 km south-east 

¶ Beltana Stage Heritage Area - 30 km south 

¶ Beltana Station HS - 32 km south. 

There are also sites of palaeontological and geological interest listed on the South Australian 
Heritage Register situated within the region; the closest being the Ajax Mine Fossil Reef, 
approximately 21 km south of PEL 650, and the most significant being the Ediacara Fossil Reserve 

Palaeontological Site located 39 km south-west of PEL 650. The Ediacara Fossil Site ς Nilpena, 

which is entered on the National Heritage List is located a further 20 km to the south of this 
location (DEWNR 2016b, AHPI 2016).  

There are no registered sites of non-Aboriginal heritage significance within PEL 650. There are 

potentially some heritage values associated with parts of the original Leigh Creek township and 
mine (e.g. the cemetery), which are 2 km from the demonstration plant site.  

There are no non-Aboriginal heritage values associated with demonstration plant site.  

4.3 Climate 

The site is located in the Northern Flinders Ranges, which has an arid climate with hot, very dry 

summers, cool to mild winters, and a low annual rainfall. In the hotter part of the year (late 
November to March), mean maximum temperatures exceed 30°C while mean minimum 
temperatures in the cooler months can drop below 5° C. Frost days recorded at Leigh Creek are 

most common from June to August (Northern Flinders Ranges SCB 2004). 

The average annual rainfall at Leigh Creek is 224 mm and the median annual rainfall (which is a 

more appropriate measure where rainfall is erratic) is 200 mm. Rainfall can occur at any time of 

year, is highly variable and widespread significant rainfall is infrequent. Rainfall in the warmer 

months is highly erratic, and most often in the form of heavy showers associated with 

thunderstorms (Northern Flinders Ranges SCB 2004). Average annual evaporation is over 
2400 mm (BOM 2016). 

A summary of climate records for Leigh Creek Airport (Station #017110) for the period 1982 - 2016 

is provided in Table 4-1 (BOM 2016). 

Table 4-1: Temperature and rainfall records for Leigh Creek 

 J F M A M J J A S O N D Annual 

Mean Max Temp (°C) 35.6 34.6 31.2 26.3 21.1 17.0 16.6 19.2 23.5 27.1 30.8 33.2 26.3 

Mean Min Temp (°C) 20.8 20.5 17.4 13.0 8.9 5.5 4.7 6.1 9.4 12.6 16.2 18.7 12.8 

Mean Rainfall (mm) 22 27.1 20.2 14.7 18.3 16.7 16.4 15.0 17.2 17.1 18.6 23.2 224.2 

Median Rainfall (mm) 6.5 17.6 5.3 6.4 9.4 9.2 8.4 8.0 8.7 13.5 11.2 19.2 200.4 

Mean Daily Evaporation (mm)* 14.5 13.2 10.5 7.0 4.3 3.0 3.3 4.8 7.2 9.7 11.9 13.4 8.6 

*  Evaporation data are from Woomera Aerodrome, Station 016001, for the period 1967-2016 

Prevailing winds are from the south and east, with northerly winds also relatively common. Figure 
4-2 shows the wind rose for Leigh Creek Airport. Each branch of the rose represents wind coming 

from that direction.  
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Figure 4-2: Wind rose for Leigh Creek Airport (2010/2011).  

 

4.4 Bioregions, Land Systems and Soils 

4.4.1 Bioregional Setting 

PEL 650 is located on the boundary of the Stony Plains biogeographical region (or bioregion) and 

the Flinders Lofty Block bioregion10.  

The western half of PEL 650 lies in the southern-most section of the Stony Plains bioregion, in the 
Murnpeowie subregion, which is characterised by stony downs and alluvial plains. The eastern 

half of PEL 650 (and the extreme south-western margin of the PEL) lies in the Flinders Lofty Block 
bioregion, in the Northern Flinders subregion which is characterised by ranges and hills with rock 

outcrops, stony pediments and small basin plains, narrow valleys with some gorges, and some 

remnants of stony downs. 

The IBRA subregions can be further divided into land systems11, which provide a smaller mapping 

unit. Three land systems have been mapped in PEL 650: Paradise (in the western half of PEL 650), 
Morris (in the eastern half of the PEL), and Umberatana (on the extreme south-western margin of 

the PEL), as shown in Figure 4-3. 

  

                                                           

10 Bioregions and subregions are defined by the Interim Biogeographic Regionalisation for Australia (IBRA) Version 7.0. 
Bioregions are broad landscape units based on major geomorphic features. 
11 Land systems are an area, or group of areas, throughout which there is a recurring pattern of geology, topography, 
soils and vegetation (DEH 2005). Land systems used in this document are based on the SA Land Systems data that was 
developed as part of land system mapping of the pastoral areas of South Australia (DWLBC 2007, Naturemaps 2016b). 
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Figure 4-3: Map of land systems within PEL 650 
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Descriptions of these land systems are provided in Table 4-2. It is noted that across a significant 

proportion of PEL 650, these land systems have been heavily modified and little of the natural 
land form or vegetation remains intact.  

Table 4-2: Land systems in PEL 650  

Bioregion Land system Description 

Stony Plains Paradise Flood outs, stony flats and alluvial plains; clay loam soils. 

Large creeks - River Red Gum, Coolibah, Broughton Willow, River Cooba, 
Plumbush and Prickly Wattle  

Floodouts - Old Man Saltbush, Cottonbush, Samphire, Plategrass, Swamp 
Canegrass 

Stony hills and flats - Bladder Saltbush, Blackbush, Mitchell grass and 
Bindyis. 

Flinders 
Lofty Block 

Umberatana Hills and low hills - shallow, skeletal fine-textured soils; Dead Finish, 
Prickly Wattle, Rock Fuchsia Bush, Bullock Bush woodland over 
Copperburrs and grasses 

Stony calcareous plains - Low Bluebush, Bladder Saltbush and annual 
grasses 

Creeks - River Red Gum, Prickly Wattle and White Tea-tree. 

 Morris Low hills and rises with sandy loam soils - Low Bluebush and Bladder 
Saltbush shrublands; patches of Red Mallee or Blackoak woodland flats 
with annual, Wards Weed and Bottlewashers. 

 

4.4.2 Landform and Soils in PEL 650  

PEL 650 and the Leigh Creek Coalfield are located at an elevation of approximately 200 m. In the 

immediate area of the PEL, the landform is generally a gently undulating plain comprised of 

reddish powdery calcareous soils and low rocky outcrops. At the base of the nearby ranges alluvial 
fans and closely spaced dunes of crusty red duplex soil and loose aeolian sands extend over the 
plains (AECOM 2016). 

The majority of the landform and ground surface within the coalfield in PEL 650 has been heavily 

disturbed and modified by over 70 years of open cut coal mining activities. The coalfield is 
dominated by the main Lobe B with the large Main Series Pit located north of the demonstration 
plant site (which is up to 200 m deep), and the smaller Upper and Lower Series Pits located to the 

south and east of the site respectively. The smaller Lobe C and D pits are located 5 km and 8 km 
north of Lobe B. 

The pits within the coalfield are surrounded by extensive mine spoil piles and waste rock dumps. 
Other earthworks have also been undertaken extensively across the coalfield site, including 

construction of the retention dam and numerous berms around the site to modify water flows, 
and construction of numerous access tracks. Two quarries (now water-filled) are located south of 

the Lobe B Upper Series Pit.  

The pits and other main features associated with Lobe B of the coalfield are shown in Figure 4-4. 
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Figure 4-4: Leigh Creek Coalfield Lobe B
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4.4.3 Demonstration Plant Site 

The demonstration plant site is located in a relatively flat area between waste rock stockpiles on 
the southern side of the main mine access road, within the Leigh Creek Coalfield. It is significantly 
disturbed and a substantial proportion of the site has been previously graded. Haul roads, old 
road alignments, excavations, stockpiles and other disturbances are prevalent across the site. 

Aerial photographs indicate that the site is located west of the original path (before mine 
development) of the Leigh Creek floodplain.  

The edge of the Lobe B Upper Series Pit is approximately 400 m south of the outlet well, and top 
of the deeper Main Series Pit is approximately 600 m to the north of the outlet well. 

Soils at the site are predominantly a red / brown gravelly clay loam with patchy gibber scatter, 
and are consistent with the Telford Gravels. Some lower lying areas and drainage paths have a 

thin veneer of grey, silty material that has been washed off adjacent stockpiles. Soils at the site 
have relatively low permeability due to the high clay content and cementing in the gravels and 

water readily pools across the site after rain. 

There are no erosion issues on the site itself, however some adjacent stockpiles exhibit significant 
erosion, with deep gullies present. 

The demonstration plant site and surrounds are shown in Figure 4-5, Plate 4-3 and Plate 4-4. 
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Figure 4-5: Demonstration plant site and surrounds 
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Plate 4-3: Panorama of demonstration plant site looking south across site from adjacent stockpile  

 

 

Plate 4-4: Panorama across southern part of demonstration plant site, looking west  
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4.5 Existing Site Contamination 

Historical mining activities and associated infrastructure have involved numerous potentially 
contaminating activities at a range of locations (see Figure 4-6). Areas and activities across the 
Leigh Creek Coalfield that may have had potentially contaminating activities include the original 
Leigh Creek township, spur line infrastructure, old railway yards (also referred to as the Telford 

Facility), mine spoil dumps, areas where mine water /  runoff has accumulated, magazine areas, 

areas where transformers are used or stored, refuelling areas, fuel storages or workshops, 
domestic waste dump, asbestos dumps, tyre dump, areas of historical infrastructure (including 
brickworks, powerhouse, sewer farm) and the fire-fighting training area (AECOM 2016). 

In addition, Flinders Power submitted a Voluntary Site Contamination Assessment Proposal 
(VSCAP) to the Environment Protection Authority for the Leigh Creek Coalfield.  Flinders Power 

engaged Coffey Environments Pty Ltd (Coffey) to undertake a site contamination assessment to 

determine the nature and extent of exiting site contamination and the actual or potential risk to 

human health or the environment resulting from such contamination. 

A number of reports exist in relation to existing site contamination, including: 

¶ Burns & Roe Worley Pty Ltd (2000) Flinders Power Land Contamination Issues 

¶ Parsons Brinckerhoff (2005) Groundwater Monitoring Event March 2005, Telford Rail Siding 

¶ Parsons Brinckerhoff (2011) Groundwater Monitoring Event ς Telford Rail Siding, Leigh Creek 

Coal Field 

¶ Parsons Brinckerhoff (2012) Groundwater Monitoring Event ς Telford Rail Siding, Leigh Creek, 

SA 

¶ Parsons Brinckerhoff (2013) Groundwater Monitoring Event ς Telford Rail Siding, Leigh Creek, 
SA 

¶ Parsons Brinckerhoff (2015) Groundwater Monitoring Event ς Telford Rail Siding, Leigh Creek, 

SA 

¶ Coffey Environments Australia (2016) Flinders Power Partnership, Leigh Creek Coal Mine 

(Lobe B) Preliminary Site Investigation 

¶ Coffey Environments Australia (2016) Flinders Power Partnership, Leigh Creek Coal Mine 
(Lobes C and D) Addendum Preliminary Site Investigation 

¶ Coffey Environments Australia (2016) Flinders Power Partnership, Leigh Creek to Port Augusta 

Railway, Preliminary Site Investigation 

¶ Coffey Environments Australia (2016) Flinders Power Partnership, Detailed Site Investigation, 
Leigh Creek Coal Mine (Lobe B). 

The Detailed Site Investigation of the Leigh Creek Coal Mine (Lobe B) identified 14 areas of 

environmental concern including former crusher refuelling facility, firefighting area, Telford rail 
siding fuel storage tanks, asbestos landfill, permanent and temporary refuelling tanks, 

transformer graveyard, mining operations area, mobile transformers, solvent evaporation pond, 

town landfill and explosive storage compounds.  

COPC that may be present in the Leigh Creek Coalfield as a result of these historical activities are 
summarised in Table 4-3. For specific details of existing site contamination refer to Detailed Site 
Investigation of the Leigh Creek Coal Mine (Lobe B). 



ISG Demonstration Plant EIR 

Leigh Creek Energy Limited ACN: 107 531 82 Page 64 of 156 

Table 4-3: Summary of potential chemicals of potential concern from historical activities at 
the Leigh Creek Coalfield  

Activity Occurrence in coalfield Potential chemicals of potential concern 

Stockpiling of 
mine spoil 
dumps 

Widespread Particulates and fugitive gases such as CO, H2, CO2, CH4, H2S 
and ammonia with traces of a wide range of organic 
compounds (e.g. phenols, organic acids, volatile and semi-
volatile organic compounds). 

Hydrocarbons, PAHs, phenolic compounds, sulphurous 
compounds, nitrogen compounds, pH (acidic), metals (more 
mobile in acidic conditions). 

Fuel storage Locations across site Hydrocarbons and PAHs, metals, potential for solvents. 

Vehicle 
maintenance 

Office and maintenance area and 
historical areas including spur 
line, old rail line, Lobes C and D 

Hydrocarbons and PAHs, metals, potential for solvents. 

Waste storage 
areas 

Buried wastes in designated 
areas (e.g. asbestos, tyre dumps, 
domestic waste depot) and other 
materials stored directly on 
ground (e.g. transformers and 
drums in storage area)  

Particulates and fugitive emissions of organic compounds 
and metals, high potential for pyrolytic products (e.g. VOCs, 
dioxins) if tyre dumps are ignited. 

Asbestos. 

Hydrocarbons, PAHs, solvents (SVOCs and VOCs) associated 
with fuels and oils of car bodies or drums stored on ground, 
metals. PCBs where old transformers are stored. 

Magazine 
area 

Designated area Ammonium nitrate-fuel oil and fuel oils contributing source 
of ammonia and hydrocarbons. 

Wastewater Crib rooms, former sewage plant 
at original township, vehicle 
wash-down area 

Nutrients associated with wastewater /  biosolids, 
hydrocarbons associated with temporary refuelling tanks. 

Fire-fighting 
training area 

Designated area Aqueous Film-Forming Foam contains persistent organic 
pollutants Perfluorinated Compounds (PFCs) primarily as 
perfluoro-octane sulfonate (PFOS) and perfluorooctanoic 
acids (PFOA). 

Solvent 
disposal 

Solvent evaporation pond Solvents 

Source: AECOM (2016) and Coffey (2016) 

 

At the demonstration plant site, stockpiling of mine spoil has occurred extensively adjacent to the 
site, however most of the other activities listed above are not known to have been undertaken at 

the site and would be unlikely to have contributed to contamination in this location. 

Baseline sampling at the demonstration plant site will be undertaken prior to construction of the 
plant to identify soil and groundwater conditions. Baseline chemistry and water quality data has 

also been collected for deeper geological units at the site and is summarised in Section 4.7. 



ISG Demonstration Plant EIR 

Leigh Creek Energy Limited ACN: 107 531 82 Page 65 of 156 

Figure 4-6: Sites of environmental concern within PEL 650






























































































































































































































