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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 gatien 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 locallyand internationally ISG is also known as underground coal gasification (UCG), however
GKS GSN¥Ya WAYy aAldz 3+aATAOFGAZ2YQ 2N WL{DQ | NB
been used in this document to provide consistency with the teriaigy outlined in théetroleum

and Geothermal Energy Act 2QQ@hich 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 decommissionsenallscale 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
commis$oned and operated for a short period (approximatelg honths) to produce syngas, so
that the technical and environmental performance of the process can be confirmed. The
demonstration is regulated as an exploration activity underRle&roleum and Gebermal Energy

Act 2000and as an exploration activity the syngas produisednable to be sold for commercial
use, and will therefore be thermally destroyed on site in a theroxadiser as part of the process.
This Environmental Impact Report has beenpared 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 ftine 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, openal 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 coatientreach

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
GKFy | O02Yo0dzatiAof S O2gud Srekle héayandickbodztidkileyraR@n & KA -
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.

Thedemonstration plant will be located in the heavily modified Leigh Creek Coalfield, between
the Main Series and Upper Series pits and waste rock stockpiles. Theagigoximately 8.&km
from Copley and 1BRm from Leigh Creek. The gasifier chamberheidpproximately540m depth
and will be approximately 3@ long 30m wideand 15 m high at the conclusion of operations

During stakeholder engagement activities it was recognised that the five main areas of cohcern
the community relate to potentiaimpact to cultural heritage, air quality (including odour),
groundwater, surface water and ground stability. Therefore, in assessing the suitability for an ISG
demonstration plant, independent thirgarty 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 tularitage a Work Area
Clearance of the proposed activities as described in this document has been undertaken with
ATLA. Aultural Heritage Discovery Procedure is in place to ertbiateAboriginal sites, objects

and remains, as well as na@xboriginal Hetage 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 cahbi@bur 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. StudigBowed that background odour is present from the coalfield

as well as from Copley (such as the caravan park wastewraigation area). The modelling
indicated that the surrounding air quality from emissions from the demonstration plant will
remain withn relevant healthbased air quality criteria. Odour from n@autine 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:680minutes).

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 vattdilly and horizotally (permeake pathways),

and the presence of persons or environmentathmay be impacted (receptorisroundwater
studies completed show that there are no aquifers present at or near the demonstration site, the
gasifier is surrounded by very low permddtp 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 therdonstration 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 strystwrbsas
faults), the potentialfor failure (collapse) of the gasifier roof rock and subsequent subsidence,
and the potential for theyasifierto fracture the surrounding rock and form pathways for chemical
migration. Studies completed show that tlyeotechnical risk is low and that thehysical
attributes of the Leigh Creek Coalfield meet the recommended requirements for an ideal ISG site
as outlined by the Independent Scientific Panel

It is important to acknowledge that due to the presence of the ¢aatl 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 noern, 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.
¢CKS tlFyStQa NRtS gla (2 FylfeasSsz HaatarSaadio repgrkheS @l t dzi
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 Soutlstfalian 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 expectabns. 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
Australan 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 agrance 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, angost-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, environalatata

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 whighindicative of ISG operations during
the operational stage and continue into tipestoperationstage to confirm that site activities do

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

Occupational monitoring of gases during commissignand 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 seleetl 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 imperreeabérlying

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, neacsuskttiement markers will be installed

and surveymonitored during operation and dmmmissioning.

An environmental risk assessment has been undertaken as part of this Environmental Impact
Report. It indicates that the level of risk is manageable anativelly 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 desigin 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 sgetial
workshops have been held with key stakeholders where project overview presentations and
updates have been given, with particular attention giverttte proposed demonstrationvorks

plan.

A targeted online community portal has been developed whereroomity members can easily
login and share their experiences of the project, leave feedback, and locate or request
information. The portal offers enhanced tawwgay communication where community users can
track the progress of any requests they make and agldinders so that their questions are
answered in a timely manner.
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¢CKS /2YYdzyAide t2NIlf OFy oS I00SaaSR GKNRdAAK
section www.Icke.com.au/contadtand direct throughnttp://Icke.c3register.com/

Leigh Creek Energy is committed to open and transparent communication with stakeholders and
encourages community members to use the Community Portal to asktignesand leave
feedback regarding this document.
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1.1

1.2

ISG Demonstration Plant EIR

Introduction

Leigh Creek Energy L(HCK)is the owner and proposed operator of theeigh Creek Energy
Project located at Leigh Creek in South Australia, l&B0north of AdelaideThe projecis located
within Petroleum Exploration Licence 638H650), which overlies théeigh Creekdalffield, and
will develop deep coal resources that are unahhel uneconomicto be accessed by opesut
mining

LCK plans to produce enerfggm ooal using a process known iassitugasification (ISGThe ISG
process converts coal from its solid state into a gaseous form, resulting igetherationof
synthesis gas (syngas) containingthane, hydrogen and other valualdemponents Thesyrgas
can be either used to producelectricity directly or further refined into a variety of products
including synthetic methane and ammonia.

The Leigh Creek Energy Projeaitnsto producecommercial quantities opipeline quality gas
(methane) fertiliser and electricityusing 1ISG

As the initial stageof the project, a smallscale ISGdemonstration plant isproposed to be
constructedto obtain informationto inform the desigrfor a possible ammercial facility. The
demonstration plant wilinvolve estaldishment ofa single gasifiechamberand aboveground
infrastructureto produce syngafr a short period (approximateB3 monthg, sothat the syngas
composition and performancef the process can be confirmed. Environmeratatl geotechnical
data willalso becollectedduring operation of the demonstration platd supportanycommercial
plant approvals processSyngas produced by the demonstration plant will be combusted
following analysis.

This document addresses the proposed demonstraitamt.

The location of thd_eigh Creek Energy Projextd proposed demonstration plamgé shown in
Figurel-1.

Project Proponent

Leigh Creek Energyan emerging gas compgriocussed on developirthe Leigh Creek Energy
Projectin northern South AustraliaLeigh Creek Energg listed on the Australian Securities
Exchang€ASX) under the ASX code of LCKishdadquartered in Adelaide, South Australia.

LCK (throughlwholly owned subsidiaryeigh Creek (Operation®ty Ltd holds PEL650, which
coversan area of93kn? over the Leigh Creek Coalfigldnd Gas Storage Exploration Licence
(GSEL) 66&hich coverghe same areal CK alsbold Petroleum Exploration Licencgglication
(PELA) 647 adjacent REL650.

About this Document

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

(EIR) under th@etroleum and Geothermal Energy Act 28@0the proposed IS@emonstration
plant. It has been prepared in accordance with the current legislative requirements, in particular
Section 97 of the Act, and Regulation 10 of Betroleum and Geothermal Energy Regulations
2013
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A Statement of Environmental Objectives (SEO) for the prajiidie prepared based on this EIR
This EIR covers

I construction,operation anddecommissionin@f a smalscale ISG demonstration plant

1 well design, capletion (excluding drilling activity), peration, maintenance and eventual
decommissioningof the inlet, outlet and observation wells associated with the
demonstration plant.

Drillingof the inlet, outletand observation wells is covered by an existing SEO for drilling (SAPEX
2013) and is notescribed inby this EIR These wells will not be drilled tihthe SEO for the
demonstration plant is approved.

e Lyndhurst
Demonstration Plant §& PEL650
- Nepabunna i
\ ‘ Leigh Creek Copley
Beltana
% Blinman
Parachilna
R
Carrapateena
MNat !
Wilpena
Adelaide
Hawker i
E-a W Figure 1-1
ERRRYE EEe | Demonstration Plant Location
0 10 20

2 0r the SEO may be required to be prepared on the basis of an environmental impact assessment under
the Devebpment Act, depending on the classification of the activities under Section 88 ¢fetroleum
and Geothermal Energy Act 2Q@3 discussed in Secti@ril.

3 Approval for drilling under the coverage of the existing SEO is managed through the Activity Notification /
Approval process outlined in Sectigrl.4
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2 Legislative Framework

This section brieflydescibes the legislative framework that currently appligs petroleum
activitiesin South Australia.

2.1 Petroleum and Geothermal Energy Act

Petroleunt exploration and production activities are governedtbg South Australiafetroleum
and Geothermal Energy A2000and thePetroleum and Geothermal Energy Regulations 2013
This legislation is administered by thl&nergy and Resources Division of the Department of
Premier and CabindDP(.

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 aghiand the criteria upon
which the objectives are to be assessed.

The SEO is developed on the basis of information provided im@noBmentalimpact Report
0dzyf Saa FOGAGAGASE | NB Of I aaA T A SHsedsrient WikA 3 K
Approval)

2.1.2 Environmental Impact Report

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

)l

f

)l

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 isks 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 theetroleum and Geébermal Energy Regulations 2018 following
information must be provided for the purposes of an EIR:

)l

1

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

a description of the specific site features bétenvironment 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 Aistsalwhich 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 breasonably 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 aagproduct of cod gasification(produced below or above groundr

the purposes othe production of synthetic petroleum.
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and abandonmentstages, atypical events, estimated frequency of events and the basis of
predictions)

1 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 agtion

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

1 alist of all owners of the relevant land

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

2.1.3 Assessment and Approval

The EIR is submitted tbPCand an Ewmironmental Significance Assessment is undertaken to
RSGSNX¥AYS 6KSGKSNI G§KS T OGAGAGASE RSAONROSR Ay
WKAIKQ AYLI OGo ! O2NNBalLRyRAY3I RN}IYFTG {9h A&
identified in the EIR or other assessments that may be required as determined by the
classification.

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

1 Low impact activities do naequire public consultation and are subjected to a process of
internal government consultation and comment on the EIR and draft SEO prior to approval.

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

1 High impact activities are required to undergo an environmental impact assessment under
the provisions of thédevelopment Act 1993\ draft SEO for high impact activities must be
prepared on the basis of thenvironmental impact assessment.

The level oenvironmentalimpact of a particular activity is assessadl classified bipPCon the
basis of predictability and manageabildgiteriarequired by s.98 of the A(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 tH2PGnebsite.

Referral of Projectpplications 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 bypPQo the Independent Epert 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 prjtitaeduld
generally be when an Eland draft SEO are available.

Although small scale ISG is not clearly captured by the National Partnership AgrebP@miy
refer this EIR (and the resulting draft SEO) to the IESC for advice. Consequently, this EIR aims to
provide the information necesary to support such a referral

5 South Australian Protocol for the referral of project applications to the Independent Expert Scientific Committee omCBakSea
and Large Coal Ming Development.

Leigh Creek Energy Limited ACN: 107 531 82 Pagel5 of 156



ISG Demonstration Plant EIR

2.1.4 Activity Notification / Approval Process

2.2

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

f tKS aAyAadSNRA LINR 2N ¢ NR (G Suiring high iNE®I gupefvisiana NS |j ¢
(as per Regulation 19), and
1 notice of activities requiring low level supervision is to be given at least 21 days in advance
(as per Regulation 18).
CKS LK AOFGA2Y FT2NJ 0KS aAyAaidsSNtiIpovide sgedfl®@ g1 £ |
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 opportunitpiarto
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.

Other Legislation

A variety of legislation applies to petroleum exploratiantivities, and those of particular
relevarce to the proposed demonstration plant arésted below (nhote that this is not a
comprehensive list of all applicable legislation).

Table2-1: Summary ofapplicablelegislation

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
CrownLand 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
NativeVegetation 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 undethe Commonwealth Environment Protection and Biodiversity
Conservation Act 199 PBC Aciy required foractions thatwill have or are likely tohave a
significant impact ommatters of national environmental significandscluding 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.

Theproposed demonstration plant is a small scale project, and as discusS=ttios 4 and5,

there are nomatters of national environmental significanpeesent orlikely to be significanty

impaced.¢ KSNBE A& y2 Wgl GSNI NB a daheSafyet biySitasof)i Ay G K
or overlying strata and consequently this matter of national environmental significance is not
relevant to the projectConsequentlyl. CKbelieves that a requirement faeferral andapproval

under the Act is not likely to be triggereldCKwill continue to review proposed activities against

the EPBC Act triggers and will submit a mefeunder the Act if necessary

2.2.2 Environment Protection Act

The Environment Protection Act 199@iposes adgeneralenvironmentaldutye of care not to
undertake an agdvity 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 uhdekct.

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 significancethaused 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 byhtermal oxidation is a gscribed activity under Schedule 1 of the Act,
thisis an exploration activity and therefothe Environment Protection Act does not apply

2.2.3 Native Vegetation Act

TheNative VegetatiorRegulations 201permit clearance of vegetation incidental éxploratory
operationsauthorised under the Petroleum ande@hermal Energy ActUrder Regulation 15
clearance is permitted if it is undertaken in accordance with approved industry standards that are
directed towards minimising impact and encouraging regrowtlamf 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 Betroleum and @othermal
Energy Act.

2.2.4 Natural Resources Management AWater Management

TheNatural Resources Management Act 20jgplies to a range of aspects of natural resource
management. Of particular relevance to this project is its applicability to activities that affect
surfacewater andgroundwaterresources:

1 Drilling of new watemvells (or modification to or decommissioning of existing water wells)
requires a permit under this Act.

1 A permitis required to drain or dischargeater directly or indirectly into awvell, under
Section 127(3)(c) dhe Act.This requirement may apply to the grosed activities.

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

PEL650 lies within the norprescribed surface water and groundwater resources ayeghe
South Australian Arid Lands Natural Resources Management (SAAL NRM) Regiay 2015)
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It is outside the &r North Prescribed Wells Aremd there is no Water Allocation Plan in place
over the project area (SAAL NRdard2009).

2.2.5 Native Title Act

The CommonwealtNative Title Act 199and theNative Title (South Australia) Act 199vide
for the recognition and protection of nativatke. Native title can be claimed osomeareas of
land or water (e.g. on vacant or unallocated crown labd) is extinguishedby freehold land
tenure and certain other forms of land title. Native title is discussed further in Settiéh3
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3.1

ISG Demonstration Plant EIR

Description ofActivities

Thedemonstration plantis a smaikcale and shosterm program. ltinvolves establishment of an
underground gasifier at a depth approximately 80 min the Main Series Coat the Leigh Creek
Coalfield, and operation of the gasifier and associated abgneind equipment for period of
approximately2-3 months. Gas produced will be analysed and then incinerated in a thermal
oxidiser.

Thepurpose of the demonstration plant is to collect data on the in sésification performance
of the Main Series Coalnformaion collected will include

syngas compositiorflowrates, temperature and pressures

coalgasification performancand gasifier physical properties

gasifier optimisation properties pressure, flowrate and reactants
condensate and organic liquid phasglumes, properties and constituents
environmental data

1 other relevant data for thesubsequent design of ossiblecommercial facility

= =4 -8 —a -

This sectiorprovides a general overview of the in situ gasification process and then provides
detailed descriptions fothe proposed activities associated with the demonstration plant.
Technical terms used in this section are explained in the GlosSecyi¢n9).

Overview of IS@rocess

In situgasification (ISG) is a technique in which solid coal underground is conuersédo WA y
LRAaAGAZ2Y Q0 Ayid2 | 31 aS2dza LINBRAzOG (1y26y | a aegy
carbon dioxide, hydrogen, carbon monoxide, methane, nitrogestgam and gaseous
hydrocarbonslt can be used for a variety of downstream applicationsh siscpower generation,

or as a feedstock farecognisedchemical products like methanol, ammonia, fertilizers, synthetic

natural gasand liquid fuelsISG enables théevelopment ofdeep coal resourceshereopen-cut

and undergroundniningare not feasibleor are uneconomic.

L{D A& lfaz2 (y2¢6y | & dzyRSNANRdzyR O2If 3 aAFAOI
2N WL{DQ I N5 dzaSR {KNER dartezPetralduh and S&thimall  F 2 NJ
Energy Act 20Q0

In the simplestISG configuration, two wells are drilled into a coal seam, onthéomletand the
other for the outlet (Figure3-1). A combination of horizontal aneertical wells is often used to
create adirectlinked systemHydraulic 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 (someombination of air, pure oxygeandwater) is introduced through thanlet well

and aninitiation deviceis used to start the ISG reactions in the coal seam. As the coalsemed,

a series of reactionsonvert the solid fuel into syngas, which is then extddhrough theoutlet

well. The undergroundroid in the coal seam that forms where the gasification takes place is
referred to as the gasifiechamber The gasification reactions typically occur at temperatures of
between 900°C and 1200°C but may reach up to 1500°C (Mo&dr2013).

Leigh Creek Energy Limited ACN: 107 531 82 Pagel9of 156



ISG Demonstration Plant EIR
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Figure3-1: Example of dypical ISGorocess

The ISG process is carited by using thénlet andoutlet wells to manipulate the flow obxidant
and the pressure in thgasifierchamber The pressure in thgasifier chambeis kept below the
surroundinggroundwaterpressure to avoid an outward pressure gradient that cowsuit in
movement of water andhemicals of potential conce(COPLaway from thegasifier chamber
The process can be stopped by shutting off txidant supply from theinlet well, as the 1SG
reactions willceasewithin 48 hourswithout 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 producefsee Sectiol.1.1) and the ISG reactions cease.

The ISG process produces a varietyC@PCsuch as BTEX compounfi®nzene, toluene,
ethylbenzene, xylene)phenos andaromatic hydrocarbors, some of which will remain in the
gasifier chambeafter shutdown, depending on factors suab operation and optimisation of the

ISG process and gasifier shutdown procedures (Camp and White 2015). During decommissioning
of the gasifier, steanfvia water injection)s typicallygenerated irthe gasifier chambeto remove

these chemicals from thehambervia the gas flow out of theutlet wellasthe chambercools.

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 gener&ieat and volatile gases. These
exothermic (heat releasing) reactions then drive secondary, endothermic (heat absorbing)
reactions that produce hydrogen, metharegrbon monoxideand other compounds (Camp and
White 2015).

Most of these reactions take plagea thin zone near thgasifier chambewall (Figure3-2). Camp
and White (2015) describe the key stages of the reactions as:

1. Drying The coal in the seam begisaturated with water. As heat is generated within the
gasifier chambera thermal front is created which dries the coal near the gasifier and generates
steam. Because thgasifier chambepressure is typically less thaime surrounding groundwater
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pressure a pressure gradient drives water towards tjasifier chamberwhich encounters the
thermal front and also converts to steam. The volume of water influx is controlled by the
permeability of the strata, locajroundwater pressureand operating pressurefdhe gasifier
chamber

2. PyrolysisPyrolysis is the thermal decomposition of organic material at elevated temperatures
in the absence of oxygen. It occurs when the dry coal reache$R00C. Volatile compounds are
released and the coal turns to chahelsimplified chemical equation for pyrolysis is:

Coal' Char + Ash + Hydrocarbons &t + HO + CO + GO

The pyrolysis occurs in a thin layer around the boundary ofjimfier chamberjust within the
drying layer. The gaseous species are thep feemigrate towards the opegasifier chamber
where they can participate in other reactions.

3. Oxidation The volatile products and carbaontaining compounds in the char (C) react with
injected oxygen. The simplified chemical reactions are:

C+Q@" CQ
2C+Q" 2CO

These exothermic (heat releasing) reactions release the necessary heat to drive the other,
endothermic (heat absorbing) processes. The oxidation reacfigasair injectionynostly occur
within the gasifier chambeitself, as oxygen is consumed near théet point. At the dlamber

wall, temperatures can reach 8§0200°C. Note that only a limited amount of oxygen is injected,
just enough to produce the necessary heat and gases to drive the endothermic reactioms. Stea
may also be injected to provide additional water.

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

C+HO" H+CO
The char gasification zone typically reachesc@200T.

5. Side reactionsA number of side reactions also occur, dependinggasifier chamber
conditions. These reactions can increase the methane and hydrogen content of the gas. These
include:

CO +3H" CH+ HO
C+2H" CH
C+Cg' 2CO

CO #+,0D H + CQ

The exact composition of the gas can be tuned (within limits) by controllingdidaentfeed rate,
waterinjection, gas pressure, and other operational aspects.

The gas flow within theasifier chambeis quite complex, involving factomich as reactive
transport, turbulence and radiative heating. Typically, a rubble zone also forms at the bottom of
the gasifier chamberwhich also affects the gas flow within thieaenber.
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Figure 3-2: Layers in the gasifiechamberwall. The typical thickness from opegasifier
chamberto saturated coal is3.¢ 30 cm(heat affected zone)

The ISG process and the composition of syngas produced is similar to that produced by surface
gasifiers. These havbeen used for many decades and processing technology for such gas
compositions is readily available (Hyder 2012).

3.1.2 GasificatiorlChamber

As the ISG reactions proceed and coal is consumekamberforms and grows in siz&rowth

of the gasification chambids determined by factors such as the thickness and dip of the coal
seamand turbulence of the oxidanthe arrangement of thénlet and outlet wells, thechemical
makeup of the coaloxidant type, injection rate and pressuyii@ situ stresses, isotropaxjuifer
conditionsand the geomechanical properties of the coal and surroundicgs

The geomechanical properties of the surrounding strata determine the resistance to vertical
gasifier chambegrowth, which is a crucial characteristic of a good I1SG site (Camp and White
2015). The potential for processes to occur such as spalling (small scale erosiok dfie to
induced thermal stress) or larggeale geomechanical failure are particuladigvant ISG projects

are typically planned and operated to avoid lasgpale collapsef hot designed for, largscale
collapsehas the potential tasuspend operations, cause surface subsidence, and open fracture
pathways in the overburden (Camp and Wha@15). Detailed geologial charactersation and
careful geotechnical design atteerefore carried out to ensure that the geomechanical setting is
suitable and the project design will all@afe and efficient operation.

3.1.3 ISG Products archemicals of Poteali Concern

The ISG process generates compounds that cbelcbme contaminantsif they esape the
gasification chambento the surrounding environment (Moragt al.2013).Compounds that are

potential contaminantsdepending on background levels, whehey are located and potential
receptorslarel SNY SR WOKS YA O f &CCGPEthrduighdustlyisidactinientdvBighO S NI/ Q
is a terminology widely used in standard assessments of site contamination

Thecompounds produced by the ISG procasdudecompounds 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 oxidationgasificationare summarised in

Table3-1.

Table3-1: Compounds directly generated by the ISG process

Phase Group ' Details

mixed aromatiealiphatic ring structures (e.g. tetralin, fluorene, indane

Gas phase Major syngas 1 carbon monoxide
components | constituents 1 carbon dioxide
(non+ (concentrations of | q hydrogen
condensables) up totens of 1 water
percent by volume) 1 methane
1 nitrogen (can be more tha#0%in systems where air is injected)
Minor syngas 1 light hydrocarbons (range from ethane and ethylene compounds to
constituents volatile condensableg.g.hexane and toluene)
(approx. 1% or less |{ hydrogen sulphide
by volume)  ammonia
i trace species
Condensable | Hydrocarbons 1 paraffinic hydrocarbons
organic 1 olefinichydrocarbons
components 1 aromatic hydrocarbons (e.g. benzene, toluene, ethylbenzene, xylen
oWil N&A( naphthalene)

OxygeRrcontaining
organics)

phenolics
dihydroxybenzenes

trihydroxybenzenes

furans

ketones (e.g. acetone, butanone, cyclopentanpne

Nitrogencontaining
compounds

aliphatic amines

nitrogen-containing
nitrogen-containing
aromatic amines (e

heterocyclic organics
amines

.g. anilipe

Sulphurcontaining
compounds

E N N I T I N B B R I N

carbonyl sulphide
methyl mercaptan

sulphurcontaining heterocyclic aromatics (e.g. thiophen,

benzothiophenes).

Source: Aapted fromCamp and Whit¢2015

The syngas produced by the ISG process will also contain traces of other constguehtss
metals that are naturally pesent in the coal that is consumed during the process.

Compoundshat aregenerated indirectly from other physical and chemical processes can include:

1 metals or organics leached from rock due to increased surface area of rock gagifier
chamber (induding particles and dust) and or increased solubility due to elevated

grou ndwater temperatures

1 minerals and metals where solubility has increased due to changes in oxidation state within
the ash and rockr changes in pH
1 oases desorbed due to reductiongnoundwaterpressure.

During normal operation, the ISG process is contained within the immedas#ier chamber

system and products flow into theutlet well and tothe surface processing facility. Within this
containedprocess zonemany2 NH | y A O &
into compoundghat arelesspotentiallyhazardoudo the environmentCamp and White 2015).

3.1.4 Containment

LINE RdzZOS R

NE WRSaAa(iNRESRQ

The key aspect to ensuring an environmentally safe and socialiytatte ISG operation is to
provide certainty of containment and/or removal of t®P@roduced (Moraret al.2013).COPC
in gas and water ppduced by thd SG process will be contained within thasifier chambeand
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its close confinement zone firessuregradients are inward, or there is no path or permeability
for gas to escapfCamp and White 201%reedyet al.2001, Burtonet al. 2013).

It is essential to manage pressuilieshe gasifier chambeso that the gradients driving flow are
inward. However|f the pressure gradients are not properly managed, process gasCaEC
carried with it can still be contained if the surroundiiogmation has low permeability (Camp and
White 2015).This aspect of site selection provides additional assuranceonfairment. Best
practice will choose a site wiuitable(low) permeability barriers.

Appropriate well design and integrity management are also important in ensuring containment.
Well design and siteelection are discussed further in Secti@®and3.3

3.1.5 Shutdown and Decommissioning

Shutdown and decommissioningeaachieved bystoppingthe flow of oxidantto the gasifier,
injection of water to quench the reactiorend rapidly reducingyasifier chambepressureto
increasegroundwaterinflow. Thisproduces steamat the gasifier chambemarginsand¥a (i S+ Y
Ot S| gdambettdtemovethe remainingCOP®&om the dhamber(via the gas flow out of the
outlet well) as far ageasonably achievabl&@he gas, steam andOPGre 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 pp#sitle

otherwise would have stayed in the undergrousgstem Field trials and demonstrations out of

the USA haveIN2 A RSR NBIF a2y o0fS SOARSYyOferdKl K A K8 SEIL
successful in reducing theventory of contammants left undergroundmaximsing their removal

from the gasifier chambeimmediately after operations, and containing them in the yesdtsr

(Camp 2017, Camp and White 20Moranet al.2013).

More locally inQueenslandthe Carbon Energlyimited Bloodwood Creek UCG Tpebject has
been acknowledged by the Queensland Chief Scientist as hdetingnstrated safe and effective
decommissioningn accordance with the recommendations of the final Independent Scientific
Panet report (Garrett 2016).

3.2 Well Design and Integrity

The inletand outlet wellsand the observation well (whichwill ultimately penetratethe 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 thavells ensures that their integrity is maintained under the
operating conditions that they are expected to experiend&ll designhas beerundertaken by
a specialist engineering firm arghsures that the wellhead and steel casing are suitable to
withstand the elevated temperatures inlved

Thewellswill 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 casthgyellheadand
the specifications for the cement are determined diigh adesign process which takes into

6 The Queensland Independent Scientific Panel for Underground Coal Gasification was established in 2013.
¢CKS tlhyStQa NRtS gla (2 tylfteasSz FraasSaa FyR S@I t dzk
outcomes of UCG trial deities including recommendations on the prospects and future management of

UCG in Queensland.
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account the geological environment and operational temperatuaes pressures, as well as
industry standard design safety factoBremium production casing, made of corrosi@sistant
carbon steel will be used fdine inlet, outlet and observation wellf2remium casing has metal to
metal gastight seals and is commonly used in high temperature applications.

Figure3-3 shows the expected well design for thdet, outlet and observatiorwells. The wells
include the following layers of casing:

1

)l

the conductor casing, which is installed at the surface and desva clean access through

the first 20m 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 asecond 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 proide 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 wellhéldte wellhead is also
pressure tested duripg manufacture and after installation.

The wells will also have internadiltubing installed inside the main pressure casing, which will be
ALISOATAO (2 i KiSletwelilthavé anlidexidniing ffod the Fardace to timbet

point, and may also have initiation and ancillary access tubing where requiredutlae well

may also have additional access and access tubing installed inside the main pressure casing.
Pressure and temperature monitoring instrumentation will be idsthin 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 céaeam to intersect the outlet well at a designated depth.

Leigh Creek Energy Limited ACN: 107 531 82 Page25 of 156



ISG Demonstration Plant EIR

Outlet and Observation Well Inlet Well

Pressure

' Valve gauge
Wellhead mefp o1 g, e * Wellhead ——fp

Pressure
Valve gauge

Conductor,
Casing

Conductor,
Casing

Surface ¥ Surface !
Casing . Casing

Production
Casing

Production

Temperature
Sensor

Temperature . |
Sensor %

Open hole
(within coal) _’ Open hole

(within coal)

Figure3-3: Indicative well design of inlet, outlet and observation wells

Each casing string is cemented into the drill hole. The cemsetdtes any aquifers (if present)
along the drill hole and prevents fluid or gases moving up the drill hole outside the .dasimgnt
integrity is verified by observation of the cement returning back to the surface as per the design,
monitoring pump presures during theement job and by running tools such as cement bond logs

on the production casing. Casing centralisation, cement slurry design, spacer fluids, volumes and
pumping parametergre also carefully controlled to ensure a good seal between #seng and

the well bore.

The well sections that may be exposed to high temperatures includingntee outlet, and
observation wells will be cemented with a speciahgineeredhigh 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 testingthe integrity of the valves, casing, packewgellheadsand tubing (if
present), with repairs undertaken where required.

At the end of their operational lifayells will bedecommissionedn accordance with Petroleum
and Geothermal Energy Act requirements, which require cement plugs to be installedvireithe
at specified locationsuSuallybetween any hydrocarbon zones and aquifemhere presentpnd
at the surfacg, and thewell headto be removed.

Theinlet, outlet and observatiorwells 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 Geothermab¥ Act
requirements and industry standards in order to ensure that they do not present a potential
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pathway for gas escape. Howeyé¢hne temperatures and pressures they are required to be
designed to meet are generally less than the inlet, outlet andgplaion wells.

3.3 Site Selection

3.3.1 Leigh Creek Coalfield Location

The projet location at the Leigh Creelo&field was initially chosen as a result of a screening
process that evaluated potential sites aroutite world for an ISG project, usimgiteria that
covered environmental, technical and commercial aspects.

The choen location at the Leigh Creelbodlfield 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 (Mortral. 2013), noted that selection of an appropriate site

is considered to be the most important risk mitigatistrategy for an ISG project. The
demonstration plant site is consistent with all the recommendations for ISG site attributes made
by Moranet al.(2013), as discussed below (Sect®8.3. 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 suadaquifers withbeneficial uses and valug®sidents

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 theigh Creek Energydpect include:

high quality existingnfrastructure (road, rail, water and power)

nearby service centre at Leigh Creek township

strong local community and potential workforce

extensive information base for the Leigh Cr&salfield

existing disturbed mine sitgminimising disturbance footprth

distant from environmentally sensitive areas or conservation reserves.

= =4 -8 a8 -8 -9

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 manageablare 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 feats@re shown ifrigurel-1 (in Sectionl) andFigure
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 isgreater than100m from potential faults

the site is more than 106 from potential leakage pathways (old drill holes)

the site is leveand stableand uses existing access roads

there is extensive existing disturbance with eavironmentally sensitivéeatures present
(e.g. natural drainagdsee Sectiord.8), aquiferswith beneficial use and valus (see
Sectior.7), significantvegetationor habitat (see Sectiod.9), knowncultura heritagesites
(see Sectiod.2))

9 there is limited ongoing mineclated activity at the site

=a =4 -4 -8 9
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operation

sufficient space is available to safely undertakévities
separation of the site from the mine pitnd waste rock dumpis sufficient to ensure safe

1 the site is readily accessible from the main access radtth o need to traverse mine pits

or stockpiles).

3.3.3 Recommended Attributes for |S8es

The Independent Scientific Panel report (Morral. 2013) recommends thatn ISGsite should
as a general guidénclude at least thattributes outlined below (Table3-2). The demonstration

plant site includes all these recommended attributes, as indicated by the comparison in this table.

Table 3-2: Comparison of demonsttion plant site with hdependent Sientific P y St Q&

recommended site attributes

ISP recommended site attributes for ISG (Moranh Demonstration

Comment

al. 2013)

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

Coal is deep (appros40m) with no
aquifers in the vicinity.

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

Coal thicknesss in the order of 12 m and
considered suitable for gasification.

Rank of coal should be lignite to newelling
bituminous coal.

Coal is of sutbituminous / lignite rank and ig
suitable for ISG.

Hydraulic head sufficient to contain efficient
gasification.

Hydraulicheadabove the coal seamas
beenmeasured at 490n usingdata
collected from vibrating wire piezometers
and is sufficient to contain gasification.

Coal seam capped by impermeable rock.

Coal seam is capped Bg0m thickness of
low permeabilitycarbonaceous mudstone,
an aquitard with respect to growwater.

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

There are no aquifers within 500 wertically
or laterally of the DemonstratiorPlant.

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

No rivers, lakes, springs and seeps
locatednear the demonstration plant site
(refer to Section &4). Premining creek
alignments across the broader misite
have been blocked bgarthen walls, waste
rock stockpilegnd mine pits.

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

Site idocatedapproximately D0 m south of
inferred fault, which does nqgtenetrate the
full depth of the Main Series Overburden
and is likely closed with respect to potential
for movement of gas or groundwater
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ISP recommended site attributes for ISG (Morah Demonstration Comment

al. 2013) plant site

Sufficient distance from the nearest town and / or P Site isover 8.5 km from Copley and 12 km
intensive surface infrastructure, e.g., irrigation or from Leigh Creek township. No sensitive
feedlots, and areas of significant environmental land-use or areas of significant

value, e.g., world heritage forests or wetlands, to environmentalvalues are present at or neal
avoidcontamination should chemicals escape the the site. (Site isvithin the former Leigh
cavity and to minimise impacts of odours. Creek ©alffield).

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 and to 25 degrees)mechanically competent
overlying rock and few faults. The demonstration plant site meets these ideal site attributes

3.4 Demonstration Plant Desigimd Layout

3.4.1 Infrastructure and Equipment
The demonstration plant facilities will inclutéeth subsurface and surface infrastructure.

Subsurface infrastructure will include thelet and outlet wells (as described in Secti@?), a
number of monitoring wellsand a gasifier observation wellnlet, outlet, observationand
monitoring wells will all contain instrumentation to monitor temperature amdpressure

At the surface, the majority of the infrastructure will be installedaaént to theinlet and the
outlet wells, which will beapproximately300to 350m apart at the surface A combination of
wired and wirelesfnstrumentationequipment willbe installed to communicatbetween the two
sitesand the control room

At theinlet well, equipment will include:

the inlet welhead

piping and valves

flow control and metering equipment
dieselpoweredcompressorgo inject air into the well
pumps for water injection

tanks for water storage prior to injection
dieselgenerato(s)

diesel storage tanfs) for compressor and generator
electrical and control equipment

control room

site office and amenities

vehicle parking

truck offloading area

equipment storage and maintenance facilities.

=4 =4 -4 -8 _8_9_42_9_24._-9_24._-9a_-24._-2

At the outlet well, equipmentwill include:

the outlet and observatiorwellheads

piping, valves and pressure safety valves

flow metering andpressure control equipment
gas analysis and sampliaguipment

gas clearup equipment

condensate storageessel and transfer pumps
tanks for storage obutlet condensate and water

ERE e I
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thermal oxidiser

coldvent

nitrogen storagevesselgfor inert blanketing of gssels and purging of pipelines)
dieselgenerato(s)

diesel storage tank)

LPG cylinders

truck off-loadingand loadincarea
pumps for water injection

tanksfor water storage prior to injection
electrical and control equipment
vehicle parking.

Where roads do not exist, alleatheraccess roaslwill be constructed to the sittlom the main
sealed access roaldetween theinlet and outlet well sites and toeach of the monitoring wells.

The demonstration plansurface facilitieswill utilise standard oil and gas and petrochemical
components. Many of these will be pessembled and skichounted to facilitate installation at
the siteand later removal

Fuels, ails and chemicalwiill be stored in accordance with applicable standards and guidelines
(e.g. AS 1940, EPA guideline 0&®Linding and Spill Managem@nt

The sitswill be fencedwith stockproof fencingo excluddargerwildlife andto control personnel
access.

Figure3-4 showsthe indicativelayout of the site (Note: Maps showing the location of the site
relation tothe Leigh Creek Coalfiedohd surrounds are contained in Sectibd).

Figure3-5 and Figure3-6 show the expected layout at thalet and outlet wells.
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Figure3-5: Threedimensional model oequipment at the inlet well

Figure3-6: Threedimensionalmodel ofequipment at the outlet well
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3.4.2 Gasifier Arrangement

The demonstration plant gasifier chamber (the underground void where 1SG takes place) will be
of a singledual Linked Vertical Welpe with vertical inletobservation 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 approximatelyr8flom the outlet well,

within the Leigh Creek Main Series Coal seam atpghdaf approximately 80 m below ground
surface. This is shown iRkigure3-7.

Observation Well—\

Inlet \iVe" . Qutlet Well

0 e p I

[

-100

-200

-300

-400

Gasifier
Chamber

_500

Figure3-7: Schematic showing the depth and shape of the inkel|

The gasifier will ba single chambegasifier, which will beperated continuously during operation
of the demonstration plant.
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As the demonstration plant will operate over a short time fra(@¢o 3 monthg, the injection
point will remain in the same position (i.e. it will not be retracted to allow the ISG process to
access moreoal as wouldypicallybe the case focommercialoperation).

Based orgeotechnical investigations to dasnd experence from previous gasification tricds
other sitesthe gasifierchamberis expected tde a tear drop shape in the order of 30 m by 30 m
laterally and approximately 15 m in heigittthe end of the demonstration plant operation.

3.4.3 Demonstration Plant Desirocess

The demonstration planvill be designed and operated in accordance with relevant Australian
and International Standards, including those listed aile3-3.

Table3-3: Selected relevant Australian and International Standards

Document Number Title

AS1940 The Storage and Handling of Flammable and Combustible liquids

ASME B16.5 Pipe fanges andlangedfittings

AS3000 SAA Wiring Rules

AS3008 Electrical Installations Selection of Cables

AS3788 Pressure equipment in-service inspection

ASME B31.3 Process Piping

AS 4041 Pressure piping

AS4100 Steel Structures

AS4343 Pressureequipment¢ hazard levels

AS/NZ ISO 31000 Risk Managemerntg Principles and Guidelines

AS60079 Electrical apparatus for explosive atmosphere

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

APISTD 521 Pressure; Relieving and Depressuring Systems

API RP52Q Part 2 Sizing, Selection, and Installation of Pressure Relieving Devices in Refineries
Installation

AS1210 Pressure Vessels

The engineering design will incluglarious Safetyn Design (SID) processes to minimise hazards
during construction and operation of the planh@seSID processes will include:

Design Reviews

Hazard and Operability (HAZOP) study

Risk Assessments

Safety Integrity Level (SIL) analysis

Hazard Construction (HEDN) study

Bowtie risk analysfsor equivalent (e.gLayers of Protection Analysis (LORA)

=A =4 -4 —a —a 9

Therisk analysignd mitigationapproachusedin the engineering desigmill meet or exceedhe
recommendations of the Independent Scientific Panel, which recommended the following as

" Bowie is a risk assessment methsiilar to the LOPA methodsed by the process industry to assess
the adequacy of th@reventative controls and mitigatingtrategiesfor an activity and ensure that process
risk is successfully mitigated to an acceptable level.
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appropriate controls and strategis for ISG projectssite selection, process design, process
control, critical alarms, safety instrumented systems, pressurefi®figems, physical protection,
plant emergency response and community emergency response.

Table3-4 summarises how the project design addresses each of tteesenmendedtontrols and
strategies

Table3-4: Preventativecontrols andmitigation strategiesfor the demonstration plant

Control or Strategy Description

Site selection Site selected is disturbed, has no beneficial use aquifersensitive
environmental featuresno sensitive land usg is distant from nearby towrend
has thick, lowpermeabilty 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 cate
the expected operating conditions thia factor of safety applied for design
conditions. All equipment will be quality assured to meet the design condition
and pretested prior to operation

Process control The plant will be automatically controlled usiRgopgrammablé_ogic Controller
(PLCJo ensure equipment operates within the expected operating parameters

Critical alarms Alarms will be provided from the control systemarning operations personnel
that the plant is operating outside preferred targetsorderfor the operators to
take appropriate action

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

Pressure relief systems Mechanical protection via pressure safety valves will provide protection again
excessive pressur&mergencyas reliefwill bypasshe main processing plant to
a dedicated cold vent

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

Plant emergency response | LCKwill implement an emergency respse plan to cater for emergency situatior

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

3.5 Site Preparation and Earthworks

Site preparation activiti€will include the following:

T stripping of soil andlearing of vegetation from operational areas

1 earthworks, including grading of plant aremsd installation of hardstan@there required

9 construction of @ unsealedaccess roadrom the adjacent sealed mine access rdad
provide a stale road base.

8 Site preparation and installation of surface infrastructure are expected to be undertaken under a separate
activity approval under an existing SES2e Section 1.2 and 2.1.
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Areas of hardstandvill be graded athe inlet, observatiorandoutlet 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 installed under the unsealed road to the lowlging
area west of the site to minimise water pooling at the site.

Ground disturbance and clearing will be limited to the minimum necesSagsoil will be
stripped and stockpiled prior to construction foraum rehabilitation

Minimal excavation is expected to be required as the plant components (most of which will be
skidmounted) willbe designed to be installed directly on the hardstamdon concrete blocks
without the need for footings where possilfjeith the exception of the thermaixidiserand 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 estdished 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).

Construction

The demonstration plant will be constructed from Habricated or packaged ght whee
possible, to minimise the amount of egite fabrication and construction. Installation of abeve
ground components of the plant is expected to tdkeeeks.

Commissioning

A commissioning approach basedmocess engineeringskmanagement will b implemented,
as recommended by the Independent Scientific Panel (Metaal. 2013). Commissioning will
involve best practice for risk management in process industisgrecognised process risk
based methodsncluding all the controls to ensure thtite inherent risks are minimised from the
outset.

Detailed precommissioning and comnsi®ning plas will be developed.The main process
commissioning stagmvolves the following steps:

1 dry-out ofthe gasifier chambeusing compressed aiogtlet flow directedto cold vent)

T insertion of initiation tool and subsequent initiation under pressure

1 monitoring the compositionof initial gas releasedo detect products ofgasification with
gases flowing to cold vent

1 once gasification has established and oxytpyels fall to predetermined value, the gases
will be combusted in the thermal oxidiser

1 ramp-up of oxidant (air) flow and egoing gas composition analysis.

Following initiation of the gasification reactions, the injection flow gadifier chambepresaire
and system performanceill be monitored andadjustedin accordance with theperation and
test planregime.

Theinitiation tool islikely to bea thermal lance, which is@nventionakasingcuttingtechnology
used in the oil and gas industrxthermal lance is a tool that heats and melts steel in the presence
of pressurised oxygen to create very higimperaturesto initiate the gasification reactionsThe
initiation tool consists of a long steel tube packed with alloy steel rods, sometimesdmiith
aluminium rods to increase the heat outpu@ne 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 coi(heater) or gas torch devicesnitiation device selection will be
dependent upon tool availability at the time of initiation.

Operation
Oncecommissioning is completeand gasification has commenced, the demonstration plant will

be operated continuouslior a period of approximatel2-3 months It will be staffedon a 24hour
per day basis.

3.8.1 Process

The demonstration plant process involves the followsteps Theprocess is shown schematically
in Figure3-8.

Injection of air and water into the gasifier via thelet well. Air compressors (whictill be diesel
poweredfor the demonstration plantare used to pump air under pressure into tinget 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.

Gasificationin the gasifier tamber(see Sectio3.1for discussion)

Outflow of syngas from theoutlet well. Syngs flows under pressure from the gasifier to the
surface via theutlet well. Valves at the surface control the pressurghe gasfier chamberand
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 surfateequired

Separationof liquid and / or solid particulates from the syngas in the syngas -elpaquipment
(a vapourliquid separator knoclout drum). Liquid discharge (condensate) from #reockout
drum will be fed to the thermal oxidiser for destruction or to a condensatssel fotemporary
storage.Condensate from storage may bestroyedin the thermal oxidiser or sent to tankage
for off-site disposal if required

Gas metering and let downSyn@s flow and pressure are recorded amgngas pressure is
reducedprior to being sent to the thermal oxidiser for destruction

Gas analysis anthass balancesamplingare undertaken on a side stream of the syndamas
is fed tothe gaschromatographwhich analyses the compositioBmplesof the syngas can also
be taken for traceanalysisA small flow of syngas will also be cooledcondense thevater and
condensable organic componeritsthe syngas andllow sampling and analysis

The thermal oxidisewill be used to oxidise gases before release. Thermal oxidisers are used for
pollution control of industrial gas streamslecomposinchazardous air pollutants and volatile
organic compounds bthermal combustiorat high temperature. Hydrocarbon based pollutants
are chemically arlised to formcarbon dioxide and wateExcess 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 destru@n of the syngas under all foreseeable operating conditions.

The cold ent will be installedo vent syngas in system upset conditionsorergencysituations

or if the thermal oxidiser is offne. The cold vent may also be used for brief periods during
initiation or shutdown procedured/enting 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 equipmentA pilot gas ignition source will be inporated into the cold vent design to
enable the syngas to be combustedhich will be utilied in the event that the thermal oxidiser
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is not available and iaccordance with standard operating procedure which details Abnormal or
Emergency Situations.

Most of the scenarios that would require use of the cold vent during operationsdetgction of
high oxygen concentrations, process tripg(ehigh pressure or temperature)) are expected to
have a duration in the order of 380 minutesand if they occunwould be infrequent The thermal
oxidiser is a high reliability system and is expected to operate for the duration of the
demonstration without requiring major maintenangee. being shut down). Minor maintenance
of the unit, whichcould be requiredduring commissioningwould typically require venting for
less than 60 minutedf venting for extended periods is required (e.g. in the unlikely event that
the thermal oxidiser requires major maintenancignition ofthe flow fromthe cold ventusing

the pilot gas ignition sourogouldsignificantlyminimisethe potential for odour. A supplementary
fuel (LPG) is included in the desiginthe cold vent ignition systero allow combustion of low
calorific value synga#. the thermal oxidiser wasotbe unavailable for a prolonged periotbw
rates would beeducedand an assessment undertakemdecide whether the gasifier operation
should continue basedprincipally on capacity fostorageof produced fluids(as well as any
potential for odourimpacts).

3.8.2 Process Control

The process will be monitored and controlled 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 predidwhere needed onthe
demonstration plant.

During the operation of the demonstration plant, process parameters such as water and air
injection ratesand gasifier pressuresill be variedto investigatethe performanceof the gasifier
under varying conditins. This will be carried out in accordance with a testing schedule developed
duringthe detailed desigmphase

Intensive monitoring will be carried out to monitor process and environmental parameters.
Monitoring is discussedurther in Section3.10. Air and water injectionrates, gasification
temperature and pressurii the downhole and surfacequipmentwill be the main parameters
used in control of the gasification process.

Anumberof control actions will overridéhe operation if the plant parameters move outside the
desired opeating range. For exampléhe control system will override air injection if the gasifier
pressure or temperature rises above the mefined setpoint.

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 B8® system will place safety
critical instruments into fail safe position. The philosophy of the ESD system is described below:

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

the gasifier, resulting inessation of ISG reactions.

1 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 agihitiating the injection ESD.
As noted inrSection3.1, the ISG reactions will quickly cease without the injection of oxidant.

After the demonstation plant has run foan appropriateéngth of timeto gather adequate data

on performance othe process in the Main Serie®dl, the gasifier will be shut down. tAal
restart of the gasifier may be carried out, in order to gather data that will be relevant for future
operations. Therestart process will be similar to the commissioning process described in
Section3.7.
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3.8.3 Expected Syngas Compositiomd Flow Rate

3.9

Table3-5 summarises the expected composition betsyngas that will be produced, based on
analysis of the coal andodelling Confirmation of syngas compositiander varying conditions
and over the life of the gasifiés one of the prime objectives of demonstration plant operation,
as noted in Sectiod; consequently, concentrations of various components may vary from the
values shown.

Table3-5: Expected compositin 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 (dryout purging) <1l
Carbon Dioxide Vol % 5 50 17.5
Nitrogen Vol % 35 45 41.3
Water Vol % 0 30 10
Condensate wiw % 0 10 4.0
Temperature °C 50 325 200
Pressure barg 20 35 30

Theexpected flowrate of syngas 19,000Sn¥/h on average with anaximum of 18,00@m%h
(standard conditions are referenced to 0°C and 1 atmosphere pressure)

Decommissioning and Rehabilitation

Once the demonstration plant has generated the necessary data, injection of air will be stopped
and the gasifier will bdecommissioneds described in Sectidh1.5 Syn@s will continue to be
analysed angbrocessedat the surface asyngasutflow slowly declinesDownhole temperatue

and pressure will be monitoretthroughout decommissioning

When gasification reactions have ceased (which is expected tontakeore than 48 houjghe
outlet well will continue to be used tallow syngas tdlow to the surface. This syngas, through
the steam cleaning process described in Sec8dn5 will carry some of theCOP®ut of the
gasifierchamber The syngaand any COPC producedll be destroyedn the thermal oxidiser.
Once the gasification processes have ceasedclianberis expected to contain mostly residual
carbon dioxide an inert gasOnce the flow rate and gasifier pressure reaches a target low level,
the wells will be shut in. Water wibe allowed to return to the chambeand regular samples
takenif technically feasible

Additional investigation® provide further data to inform potential future commercial operations
may be undertaken within several months to several years of-ghaf the gasifierchamber
including:

1 A drill rig may reenter the observation well to core through the ash pile at the base of the
gasifierchamber The core samples would be tested @OP@nd physical properties.

Leigh Creek Energy Limited ACN: 107 531 82 Page40of 156



ISG Demonstration Plant EIR

i Geophysical logging of the observatiand outlet wells to assess the performance of the
selected casing and grouts.

1 Geophysical imaging techniques such as seismic, electrical techniques or other techniques
may be used to image thehamberfrom surface.

1 Geophysical and optical imaging technigumay 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 beeprofiled and stockpiled topsoil will be respread. Any areas of contamination
(e.g. fom spills)will be managedconsistent with the principles of the NEP&hNd relevant EPA
guidelines

Equipment removed from the site witle disassembled and inspected for corrosion and wear.
Where suitable for reusi will be stored eitheron site at adesignated laydown area, or dfite.
Equipment that is not suitable for reuse will be transported to an appropriately licensed facility
for recycling (where possible) or dispasal

Thewellswill remain in place until they are no longexquired for monitoring duties at which
time they will bedecommissionedn accordance with Petroleum and Ghetmal Energ Act
requirements.The welldecommissioningrogramwill includeplacement of a cement plug in the
surface casing, removing the well head, cutting ¢asing off below ground level and installation
of anabove grounglaque.Decommissioningrograms are submitted t®&PCfor prior approval.

3.10 Monitoringand 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 bagsii@eharacterisation),
pre-commissioning (construction and testing), operations, grabktoperation (closure and
monitoring).

During these stagewarious monitoring and data collection activities will occur on ithesitu
gasification performance of thilain Series Coal, groundwater information, environmental data
and geotechnical data for verification and future interpretation, and planning and design of a
possible commercial facilitAn important aspect of the planned monitoririg 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 baselinal&s will provide informgéon

on the various roclunits that ocair above, within and below the demonstratiomapt site. This

will enablethe optimum siting of the demonstrationlgnt, demonstrate that low permeability
rock formations are continuous laterally and vertically andvite information onpotential
geological structures such as fractures, faults and other discontinuities that could impact the
performance of thedemonstrationplant and migration oCOPC

Coal analysisLaboratory analysis of the drill core will be undéen 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 workGeotechnical drillinghas beenundertaken as part o current drilling
programto provide information to allow further assessment of rock conditions adjacent to the

9 National Environment Protection (Assessment of Site Contamination) Measure §i82%Jed in 2013
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gasifier andto also allow the recovery of geotechnical samples for testing. In addition, each
section of cordhas beercarefuly 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 markewill be installedprior to commissioning anavill be monitored
by way of high resolutiosurvey during operationf the gasifierand decommissioning to assess
whether settlement attributable to thedemonstration gant, occurs.

Postdecommissioningiccess of thehambervia the predrilled observation welis proposedf
technicallyfeasibleto 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 qualiy: The chemistry of groundwater in theemonstration fant 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 diaghesticals

which are indicative of ISG operations during the operational stage and continue inpmgie
operationalstage to confirm that site activities have not caused the introductio@©PGrom

the ISG process to groundwater that could result iradierse impact on the environment and

third party users of groundwater. Groundwater quality monitoring also provides for the detection

of COP@nd implementation of corrective action, in the unlikely event of escape from the gasifier
area.

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

1 sentinel monitoring wells located in and adjacent to the coal seam approximataty 50
laterally from the gasifienpgradient and downgradient

1 sentinel monitoring wells located in the Main Series Overburden above the gasifier at
approximately 80 m below the surface.

A monitoring wel(referred to as the operational monitoring weljll also be installed as close as
possible to thayasifierchamber to proule information on the environment immediately adjacent
to the chamber. This welwhich will bedesigned and constructed to manage the potential
pressures and temperatures expected within the chambeilintended to be within the area
where changes are likelyo occur and would not be used for assessing achievement of
environmental objectives.

Monitoring isexpected to continue for a period of three years, withntinelmonitoring wells
sampledmonthly for 12 months, if stable reducing tougrterly for 12 months, and then six
monthly for 12 monthsThe operational monitoring well is planned to §ampled weeklyluring
operations reducing to monthly after three months post shutdown, and then following the same
frequency as the sentinel mowiting wells thereafterAt the end of three years if theperational
monitoring well and sentinel wells show that groundwater quality has noerb@dversely
impacted then monitoring will cease.

Groundwater pressureReal timemonitoring of the groundwatepressure will be undertaken in
monitoring wells surrounding thelemonstration plant (see Figure 3-9) during baseline, pre
commissioning, operation angbstoperationto confirm that the groundwater pressure around
the demonstrationplant is higher than the operating gasifier pressure inesrid avoid outward
pressure gradients which could caus®P@o migrate away from the gasifier.
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Groundwater temperature Monitoring of temperature in the monitoring wells will be
undertaken to provide baseline dataringpre-commissioning, operation, armbstoperationto
provide an indication of the lateral and vertical extent of heating as initial studiesduggested
that heating of the rock mass can cause changes to the rock mass, such as delanzindtt@use
a change to the solubilityf the CORZ.

Soil chemistry The near surface soils in the demonstratiolamt area will be sampled and
laboratory analysis undertaken for a range of chemicals ghothe commencement of site
activities to determine existing baseline conditions. Followeogipleton of site activitiesthe
near surface soils in the demonstratiofapt area will be resampled and laboratory analysis
undertaken to confirm that site activities have not resulted in an increasé@®Chat could
cause an adverse impact on the enviromme

Soil vapour Soil vapour monitoringvells will be installed in the demonstratiodagmt area(see
Figure3-9) to enable sampling of gases in the ssrface, initially to provide baseline information
on gases that may be present naturally (baseline levels}cpmemissioning, during operation,
and post-operationto provide information on whether there has been any migration of gases
from the gasifier.

Air quality: Realtime monitoring of wind intensity and direction is proposed to be undertaken
throughout the project and visual monitoring undertakém 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 emissiorsminimised Occupational monitoring of gas during
commissioning and operationf the demonstration fant will be undertaken using hand held
monitors to detect levels that could impact occupatiohailth. Ambient air quality ad odour
measurementsvill be undertakerat locations around PEL 650 and at selected sensitive receptors
on several occasions throughout the projdifecycle.

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

Syngas compositionData 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 &emination of gas processing

and handling requirements during a commercial scale gasification project.

Mass balanceMass balances will be performed during operations using the measured diagvs
syngas compaosition to baaalculate the amount of coakling gasified.

Planned monitoring and data collection are summarise@ahle3-6.

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 isghly 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 chmical movement, real time monitoring of the gasifier will be
undertaken using vibrating wire piezometers (VWPSs) installed in wells around and above the
gasifier.

In the event of a potential loss of containment, water quality in the operational monitavelg
(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 naisbd for assessing
achievement of environmental objectives , but rather adraticator 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 backgroumel ewent of a
potential loss of containment before they move beyond the 100 m operational zone.

On this basis the proposed groundwater monitoring frequencies are:

1 groundwater pressure (piezometer) welklsVWP 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

1 operational monitoring wel water quality sampling will occur weekly and results reviewed
in the context of gasifier operatns, VWP data, and background well data

1 sentinel monitoring wellg 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.

Table3-6: Demonstration plant poject lifecycle monitoring and data collection

Frequency Project Lifecycle Stage
Baseline Pre- Operation Post
Commissioning Operation

Stratigraphy Once \%

Coal analysis Once \%

Geotechnical test work Pre and post operations \% \Y
Groundwater quality Monthly* \% \% \Y \%

(weekly in operational
monitoring wel)

Groundwater pressure Continuous real time \% \Y V \Y
Groundwater temperature Continuous \% \% \% \Y
Soil chemistry Pre andpost operations \% \%
Soil vapour Monthly* \% \% \% \%
Air quality Monthly* \Y \% \% \%
Inlet well pressure Continuous \ \
Outlet well pressure Continuous \% \%
Inlet well temperature Continuous \ \
Outlet well temperature Continuous \% \Y
Air andsyngas flow Continuous \%

Injection water flow Continuous \%

Syngas composition Continuous \

* Monthly samplingduring operations. W reduce followinghe completion of site activities
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3.11 Other

3.11.1 WaterSupply / Use

The ISG process is expected to require in the oodérto 8 kL of water perhour to supplement

the water that ispresentin the coas$, and to assist with cooling the syngas prior to entering the
outlet well. This requirement will be investigated further by hydrogegptal investigations into
the Main Series @al and will be confirmed during the operation of the demonstration plant
undertakinga 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 watetentially supplied bya

third party supplier (such as SA Waterotherg injected irto the outlet well as well as used for
cementing of wells. Water will be either trucked to the demonstration plant site and stored on
AAGS Ay Grlrylax GKS OFLIOAlGe 2F 6KAOK gAff 0S8
supplied from a pipeline joing the SA Water pipeline feeding the Flinders Power offices.

Potablewater for use in the site office and ablutions block will be transported by truck from Leigh

Creek or theéFlinders Powemine supplyand stored in tanks on sif@s described above)

3.11.2 Power Supply

Power will be supplied by diesgénerators at the site. It is expected that there will be generators
at both theinlet andoutlet wells, eachof approximately200kVA capacity

3.11.3 WasteManagement

A range of wastes will be generated during thegwsed operations. Expected wastes are
summarised iMable3-7.

As the demonstration plant will only operate for a short timeframe, the quantitiesvadgte
generated during the demonstration will be relatively limited.

Generation of domestic waste (e.g. food waatel packagingpaper, plastics, cans and glass) will
be limited as personnel will be accommodated off site (see Seé&tibh§. All domestic waste
will be disposeaf at the Leigh Creek Township EPA licensed ladfilichis currently operated
by The Outback Communities Authority).

Waste streamsvill 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 hierarchg\aiel, reduce,
reuse, recycle, recover, treat, dispose).

Table3-7: Typical waste streams anttheir management

Waste Type ‘ Disposal Options

Domestic Waste

Sewage and grey water Collected in a approvedholdingtank, 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-domesticWaste

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 filte's

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.

ISGProducts
Syngas Thermal oxidation
Condensate Thermal oxidation

Produced water

Thermal oxidation ousedas cooling water in inlet and outlet wells

Impacted soi(if required e.qg.
from spills or leaks)

Bioremediation on site as requirexhd reuseor disposal offite to licensed
facility.

3.11.4 Fuel and BemicalStorage and kihagement

A variety of fuels and chemicals will be required for the proposed operafidrese include fuel
(diesel) oils paint, solventsand corrosioninhibitors. Fuel, oils and chemicals are stored in
accordance with applicable standards and guidelines (e.g. AS 1940, EPA guideliG&0aaing
and Spill Managemeittypically in approved containers in lined bunded areas or orbselfied
pallets.

Approximately170,000L 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 doubleskinned tanksDrip bunds will be used under hose connections durfigelling. 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 11 ML.

3.11.5 Spils and EmergencyeBponse

Appropriate spill containment and clearp equipment vill be maintained on site, including
chemical and hydrocarbon spill kits. If spills occur thithbe contained, reported (internally and
to regulatory agencies where required) and cleaned ypgrbatmentin situor elsewhere on the
demonstration plant site where appropriate, or by removatsité for treatment or disposal. A
spill response and emergency response pldh e in place detailing actions to be taken to
minimise the impad of actdents and incidentdn reltion to the emergency responservices
in the region the following are also available:

1 Leigh Creek Country Fire Service (CFS) and State Emergency Services (SES): fully equipped
Fire appliance including Breathing Apparatus)(Bf&h HAZMAT and road crash rescue
capabilities and trained volunteers

1 Leigh Creek South Australian Ambulance Service SAAS: fully equipped Ambulance and trained
volunteers
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T Leigh Creek Health Services: medical clinic staffed by two fulltime, remnese nuses,

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

1 Royal Flying Doctors Service (RFDS): emergédighysfbased out of Adelaide and Port
Augusta

1 Hawker Memoral Hospital: fully operational regional hospital, 186 south of Leigh Creek,
providing both medical and surgidabspital services

1 Flinders Power (currently available on site) Volunteer Emergddesponse Team: fully
equipped Ambulance, fully equipped Fire Appliance, HAZMAT Response

E ]

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

3.11.6 Workforce andAccommodation

A workforce ofapproximatelyl5 to 20will be requiredduring constructiorand commissioningf
the demonstration plant. This will rede to approximatel\L5 during operation.

The workforce will be accommodated in existing accommaodation at Leigh @ndék Copley.
3.11.7 Access andransport

The sitewill be accessed via the sealed public road network and the sealed main access road into
the Leigh Creekoalfield

The demonstration planequipment will bedelivered to site via the road networkVith the
exception of the thermal oxidiser, albmponents are expected to be able to be transported as
standard loads and significant disruption @dosure of roads will not be requiredhethermal
oxidiser will be an oversized loaxhd will be transported in accordance with any necessary
permits obtained under th&Road Traffic Act 1961

During operation of the demonstration plant, traffic will lalgbe restricted to light vehicles with
a limited number of truck movements required, primarily foel deliveries antransport of water
or waste.

3.12 Integration of Learnings from Previous Projects

Approximately one hundred experimental, pilot and demonttra ISG operations have been
undertakengloballyin the last eighty yeardHyder 2012 Camp and White 20138Burtonet al.

2013. These have shown the process to be technically feasible, and over this time the technology
and understanding of the processseontinually improvedCamp and White 2015)

The potential foradverse impacts tgroundwater is recognised as a key risk for ISi&torical
experience with ISG includes asmall number ofcases in which serious groundwater
contamination occurred and maroaseswith little to no environmental impact (Camp and White
2015 Burtonet al.2013. The demonstration planproject 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
(Moranet al.2013) and other recently published information (esyder 2012Camp and White

2015 Camp 201Y. All publicly availableasults and reports of receipilot projectsin Queensland
havealsobeen 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 Crelekergy Poject that differentiates it from the Queenslangilot
projectsis site selection. As discussed in Sec8ad) the demonstration plant site in the Leigh
CreekCoalfields 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
aquiferswith beneficial use) do not occur at the Leigh Creek sita.addition, techniques that

have been raised as potentially problematicsome Queenslangilots, such as fracturing of the

coals to create a pathway betweémet andoutlet wells, will not be used for this project (instead,

inlet andoutlet wells will belinked by directionally drilling the final section of timet wellwithin

the coal seam).

As noted previously (SectioB.1.5, the Carbon Energyilot 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 FutureStrategies foGreenhouse Gas Management

Developing suitabletsategies for management of greenhouse gases, particularly carbon dioxide
(CQ), will bean important element in planning for any future commereahlel SGdevelopment.

A key outcome from the demonstration plant is an understanding of the composition geites
produced, their volumes, temperature, pressure and flowrates. The information developed on
CQ production will allow LCK to identify the most appropriate mitigation strategies and CO
capture technology for any future development.

There are a numiyeof CQ 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 faitilisecombination
using waste heat to form liquid fuels. These are discussed further below.

Sequestration

Geological sequestration of gidivolves the emplacement of GQeep into the ground where it
cannot move back to the surface. While it is yet toitneestigated 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 oal formations.

The carbon capture process usually involves four stages:

1. CQis captured and sepated from industrial emissions

2. CQgas is comressed into a liquidike form

3. CQis transported along a pipelirte a suitable storage site

4. CQis injected deep underground into secure geological formations for-leng storage.

LCK holds Gas Storage Exploration Licence 662 (GSEL662) under which it intends to explore for
and test the suitability of geological sequestration ob@Cthe Leigh Crdesite. 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 streartisat will be assessed on completion of the
demonstration plant will be the production of ammonia and ammonia products (urea).
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by combination of ammonia andGg at high pressure and temperature. Urea production is
O2yaARSNBR | Wl aQisp@diced aimitBen @sé&d within the same industrial
process). Urea can also be used to produce “amaonium nitrate (UAN) one of the most
common forms ofiquid 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 hed@rom other processes on the site, €€an be readily converted to fuel products
using the Sabatier reaction in which £g@mbined with hydrogen creates methane and water.
This has been demonstrated by Carbon Recycling International (outside Reykjeet&rid) who
have developed methanol from G@®missions 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 formresins, 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 appraximately 1.5 million tonnes is used in Australia, all of which is now imported.
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4 EXxisting Environment

4.1 Overview

The proposed demonstration plant site is located within the Leigh Creek Coalfield in northern
South AustraliaCoal was initially discovered agigh Creek in 1888 and intermittent testing and
mining took place with limited success over the next 55 ye@ysen cut mining officially
commenced in 1943 under the management of the Engineering and Water Supply Department
(EWS) until the Electricity ust 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 Coalfietds originally defined as comprisitigee distinct basins; Copley Basin

(Lobes A and E), lfard Basin (Lobe B) and Northfield Basin (Lobes C afithi2e of these Lobes

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

AY Fyeée YAYyAy3a 2LISNI GA2y&650.y R F NB SEOf dZRSR TNRY
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Mining at Lobe D and Lobe C to the north began in 1948 and 1963, respedivete 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 AugustaThis involved new methods to extract deeper coal, increasing production, building
a retentiondam 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 locationOpen pit strip mining was employed at the pits abés 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 clas@thas it had
become uneconomicFlinders Power Partnership (previously a subsidiary of Alinta Energy) is
currently undertaking closure activities at the Leigh Creek Coalfield.

The Leagh Creek Coalfield includes the following components, which are shrokigure4-1.:

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 LangrUpper Series pits, extensive
waste rock dumps (which cover an area of over 1¢)kithe remnants of the original
township of Leigh Creek and mine site offices and other buildings

i Lobes C and D to the north, indlag pits and waste rock dumps

I numerousaccess roads, power lines, train loading facilities and the train line to the east

1 the Retention Dam to the south of Lobe B, which captures and diverts the flow of Leigh Creek
around the siteandis also used by the public for recreational activities

1 atown 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 demastration 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, depressurisatidn
dewatering ofaquifers in theTelford Basir{to the south of the Upper Series Rit)iversion of
natural surface water flows, and significanttdidance to native vegetatiorAt present there are
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no ongoingcoal mining operations and the coalfield izentered into closure planningnd
implementation.Copley idocatedapproximately & km from the proposed demonstratigplant
site and Leigh Creek 12 km, and the presence of the pits and waste rock efiegisely enclose
and bufferthe site from thearea outside the coalfield.

B e Figure 4-1
S Ili]' o.me  Leigh Creek Coalfield and surrounds

Figure4-1: Leigh Creek Coalfield and surrounds
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Plate4-1: Upper Series Pit at the Leigh Creek Coalfield

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

4.2.1 Aboriginal Cultural Heritage

PEL650 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

YR YAYAYy3 F2ft26Ay 3T 9 dzNP LISlbriiem FlindsisRaNges$GB2 y R dzN
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The Adnyamathanha maintain a strong connectiorthe project region including ownership of

the Myrtle Springs and Leigh Creek pastoral stations adjoiningg3ELthe community of
Neppabunnaand Igawarta managemenbf the Nantawarrina Indigenous Protected Area (IPA)
located approximately 50 km souttast and cemanagement of the VulkathunhaGammon
Range National Park located 50 km to the east. The IPA and national parkgaeat cultural
significance as tradanal tribal terrtory andplaces of culturallyimportant 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,sgaak ochre
quarries (DoE 2013; DEH 200@)e Leigh Creek area forms part of the Adnyamathanha Dreaming
journey ofYuluthe Kingfisher Man to Wilpena Pound (Ikara).

A search of the Central Archive, which contains the Register of Aboriginal Sites and (DX

AAR 2016) indicated that there are 22 registered or reported sites within 10 km of PEDRré50
registered site and two reported sites are located within the PEL. Site types on the Register
identified in the region include objects, archaeologidi#ss engravings, quarries, and ceremonial
and burial sites. o of thesites located outside the PEL are identified as restricted sites.

Thelandform and ground surfacat the site of the demonstration plant is heavily disturbed and
has been at least paally graded. Old roads, excavations, small stockpiles and other disturbance
are prevalent across the sit€here are no Aboriginal culturaéritage sites registered at or in the
immediate vicinity of the demonstration plant site (however undiscoveredrijinal 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 andai@s, 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 clearanc

LCKhas signed a cultural heritage agreement with the Adnyamathanha Traditional Lands
Association and cultural heritagdearances have beamdertaken.

4.2.2 NonAboriginal Heritage

Non-Aboriginakheritage in the region dates back to early exploration ofrégionby Edward Eyre

beginning in 1839 and the subsequent opening up of the area through pastqrahsionand

avyYlLtt aoFrtS YAyAy3aoe . & (KS SyR 2F (KS mypnQa vy
the Northern Flinders Ranges. Coal bearingeshavere discovered at Leigh Creek in 1888 and
fFrGSNI oFryR2ySRX YR AlG ¢l & y2i dzydaf 0KS wmd
exploration. Many of the historical sites in the region are associated with early mining exploration

and production work (Northern FlinderfkangesSCB 2004)

A number of siteselating to the early pastoral and mining histamthe broader region are listed
on the South Australian Heritageegister (DEWNR 204)6 Theclosest to PEG50 is theCopper
King Copper and Ochiine located 15 km to the south. Other sites include:
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Paulls Consolidated Mine27 km east of the PEL
Sliding Rock Mine30 km southeast

Beltana Stage Heritage Ared0 km south

Beltana Station HS32 km south.

= =4 —a -9

There are also sites ofafaeontologichand 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 PERO, and the mossignificant being the Ediacara Fossil Reserve
Palaeontolgical Site located 39 km souttest of PEL650. The Ediacara Fossil S¢Nilpena

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

There are no registered sites of néioriginal heritage significance withiREL650. 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 naon-Aboriginalheritagevalues associated with demonstration plant site.

Climate

Thesite is located in thélorthern Fliners Rangeswhichhas an arid climatevith hot, very dry
summers, cool to mild winters, and a low annual rainflalithe hotter part of the year ke
November to March), mean maximum temperatures exce#@C while mean minimum
temperaturesin the cooler months cadrop below 5 C.Frost days recorded at Leigh Creek are
most common from June tdugust(Northern Flinder&kangesSCR004).

The aerage annual rainfall at Leigh CreeR2&tmm and the mediarannual rainfal{which is a
more appropriate measure where rainfall is errqic 200 mm. Rainfall ca occur at any time of
year,is highly variableand widespread significant rainfall is iefjuent. Rainfall in the warmer
months is highly erratic, and most often in the forai heavy showersassociated with
thunderstorms (Northern FlindersRangesSCB2004). Average annual evaporation is over
2400mm (BOM 2016).

A summary of climate records fheigh CreeRirport (Station #01710) for the period1982- 2016
is providedn Table4-1 (BOM2016).

Table4-1: Temperatureand rainfall recordsfor LeighCreek
‘J F‘M AM 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{ 89| 55| 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(17.6/53|6.4]|94|92|84|8.0]8.7(13.5/11.2|19.2| 200.4
Mean Daily #aporation (mm)* 14.5/13.2|10.5| 7.0 43| 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-2@B7

Prevailing winds are from the south and east, with northerly winds also relatively confiigoine
4-2 shows the wind rose fdreigh Creelirport. Each branch of theose represents wind coming
from that direction.
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Figure4-2: Wind rose for Leigh Creek Airport (2010/2011).

4.4 BioregionsLandSystemsand Soils

4.4.1 Biorgional Setting

PEL650is locatedon the boundary ofhe Stony Plainkiogeographical regiofor bioregior) and
the Flinders Lofty Block bioregitin

Thewestern half ofPEL650lies in the southerimostsectionof the Stony Plains bioregioim the
Murnpeowie subregionwhich ischaracterised by stony dowrend alluvial plainsThe eastern
half of PEL650 (and the extreme southivestern margin of the PEL)diim the Flinders Lofty Block
bioregion, in the Northern Flinders subregiohichis characterised by ranges and hills with rock
outcrops, stony pedimestand small basin plainsarrow valleys with some gorges, asdme
remnants of stony downs.

The IBRA subregions can be further divided into land systewisichprovide a smaller mapping
unit. Three land systems have besrappedin PEL650. Paradis€in the western halbf PEL650),
Morris (in the eastern half of the PERnd Umberatandon theextreme southwestern margin of
the PE), as shown ifrigure4-3.

10 Bjoregions and subregions are defined by the Interim Biogeographic Regionalisation for Australia (IBRA) Version 7.0.
Bioregionsare broad landscape units based on major geomorphic features.

11Land systems are an area, or group of areas, throughout which there is a recurring pattern of geology, topography,
soils and vegetation (DEH 2006and systems used in this document are lobse the SA Land Systems data that was
developed as part of land system mapping of the pastoral areas of Bosthalia (DWLBC 200¥aturemaps 2016p
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Descriptions of these land systems are provide@able4-2. It is noted that across significant
proportion of PEB50, these land systems have been heavily modified and little of the natural
land form or vegetation remains intact.

Table4-2: Land systems if?EL650

Bioregion ‘ Landsystem ‘ Description

Stony Plains | Paradise Flood outs, stony flats and alluvjalkins; clay loam soils.

Large creeksRiver Red Gum, Coolibah, BroughtoilléW, River Cooba,
Plumbush and Prickly &ttle

Hoodouts - Old ManSaltbush, Cottonbush, Samphire, Plategrass, Swa

Canegrass
Sony hills andlats - Bladder Saltbush,l&cktush, Mitchell grass and
Bindyis.
Flinders Umberatana | Hills and low hills shallow,skeletal finetextured soils Dead Finish,
Lofty Block PricklyWattle, Rock Fuchsia Bush, Bullock Bush woodland over

Copperburrs and grasses

Sony calcareous plainsLow Bluebush, Bladdeafbush and annual
grasses

Qreeks- River Red Gum, Prickly Wattle and White-frea.

Morris Low hills and rises with sandipam soils Low Bluebush and Bladder
Saltbush shrublands; patches @ddRMallee or Blackoak woodland flats
with annual, Wards Weed andBlewashers.

4.4.2 Landform and Soils in PE20

PEL650and the Leigh Creek Coalfigltk located at an elevation of approximately 200 m. In the
immediate area of thePEl_the landform is generally a gently undulating plain comprised of
reddish powdery calcareous soils and low rocky outcrops. At the balse néarbyranges 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 ttwalfieldin PEL650has been heavily
disturbed and modified byver 70years ofopen cut coal mining activities. The coalfield is
dominated by the main Lobe B withe large Main Series Pit located north of the demonstration
plant site(which is up to 200 m deemnd the smaller Upper and Lower Series Bitatedto the

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

Thepits within thecoalfield are surrounded by extensim@ne spoil piles andiaste rock dumps
Other earthworks have also been undertaken extensivelgrossthe coalfield site, including
construction of the retention dam and numerous berms around the site to modify water flows,
and construction of amerous access trackswo quarries (now wateflled) are located south of
the Lobe B Upper Series Pit.

The pis and other main features associated with Lobe B of the coalfield are shdviguire4-4.
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Figure 4-4

m Astahlan Maraos 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 Qrealfield It issignificantly
disturbedand a substantial proportion of the site haseen previoushgraded.Haul roads,

road alignmens, excavations, stockpiles and other disturbaaee prevalent across the site.
Aerial photographs indicate that the site is located west of the original path (before mine
development) of the Leigh Gek floodplain

Theedge of theLobe B Upperedies Bt is approximatelyd00m south ofthe outlet well, and top
of the deeper Main SeriesitHs approximatelys00m to the north of theoutlet well.

Soils at the site are predominantly a red / brogravellyclayloam with patchygibberscatter,
and areconsistent with the Telfordsravels Some lower lying areas and drage paths have a
thin veneer of grey, silty material that has been washed off adjacent stockBitds. at the site
haverelativelylow permeablity due to the high clay conterand cementing in the graveénd
waterreadily pools acrosthe site after rain.

There are no msion issuson the site itself, howevesomeadjacent stockpiles exhibit significant
erosion, with deep gulliegresent.

The demonstration plant site and surrounds are showhigure4-5, Plate4-3 and Plate4-4.
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Figure 4-5

Aerial Jan - March 201
7 Demonstration plan site and surrounds
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Leigh Creek Energy Limited ACN: 107 531 82 Page6lof 156




ISG Demonstration Plant EIR

Plate 4-4: Panorama acrossouthern part of demonstration plant site, looking west
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4.5 Exsting Site Contamination

Historical mining activities and associated infrastructhieve nvolved numerous potentially
contaminating activitiest a range of locationéseeFigure4-6). Areas and activitieacross the
Leigh Creek Coalfietdat may have had potentially contaminating activities incltide original
Leigh Creek townshjgpur line infrastructure old railwayyards (also referred to as the Telford
Facility) mine spoil dumpsareas where mine watef runoff has accumulatedmagazine areas
areas where transformers are used or store@fuelling areas fuel storages or workshops
domestic waste dumpasbestos dmps tyre dump areas of historical infrastructuréncluding
brickworks, powerhouse, sewer fajrand the ire-fighting training aredAECOM 2016)

In addition, Flinders Power submitted a Voluntary Site Contamination Assessment Proposal
(VSCAP) to the Enenment 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 paterisk to

human health or the environment resulting from such contamination.

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

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

1 Parsons Brinckerhof2005) Groundwater Monitoring Event March 2005, Telford Rail Siding

1  Parsons Brinckerhoff (2011) Groundwater Monitoring Egdrgiford Rail Siding, Leigh Creek
Coal Field

1 Parsons Brinckerhoff (2012) Groundwater Monitoring Eg8ford Rail Siding, Lei@heek,
SA

1 Parsons Brinckerhoff (2013) Groundwater Monitoring Egdmiiford Rail Siding, Leigh Creek,
SA

9  Parsons Brinckerhoff (2015) Groundwater Monitoring Egdiiford Rail Siding, Leigh Creek,
SA

1 Coffey Environments Australia (2016) Flinders Powemné&ship, Leigh Creek Coal Mine
(Lobe B) Preliminary Site Investigation

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

1 Coffey Environments Australia (2016hdéérs Power Partnership, Leigh Creek to Port Augusta
Railway, Preliminary Site Investigation

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

The Detailed Site Investigation dfet Leigh Creek Coal Mine (Lobeidgntified 14 areas of
environmental concern including former crusher refuelling facility, firefighting area, Telford ralil
siding fuel storage tanks, asbestos landfill, permanent and temporary refuelling tanks,
transformergraveyard, mining operations area, mobile transformers, solvent evaporation pond,
town landfill and explosive storage compounds

COPG@hat may be present in the Leigh Creek Coalfield as a result of these historical activities are
summarised inrable4-3. For specific details of existing site contamination refeD#tailed Site
Investigation of the Leigh Creek Coal Mine (Lobe B)
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Table4-3: Summary of potentiathemicals of potential concerifrom historical activitiesat
the Leigh Creek Coalfield

Activity

Stockpiling of
mine spoil
dumps

‘ Occurrence in coalfield

Widespread

Potential chemicals of potential concern

Particulates and fugitive gases such as GOC&, CH, HS
and ammonia with traces of a widange of organic
compounds (e.g. phenols, orgamicids, volatile and semi
volatile organic compounds).

Hydrocarbons, PAHs, phenolic compoursigphurous

compounds, nitrogen compounds, fkcidic), metals (more
mobile in acidic conditions).

Fuel storage

Locations across site

Hydrocarbons and PAHs, metals, potentialdolvents.

Vehicle
maintenance

Office and maintenance area an
historical areasncluding spur
line, old rail line, Lobes C and D

Hydrocarbons and PAHs, metals, potentialdoivents.

Waste storage
areas

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

Particulates and fugitive emissions of orgasoenpounds
and metals, high potential for pyrolytgroducts (eg. VOCs,
dioxins) if tyre dumps arignited.

Asbestos.

Hydrocarbons, PAHSs, solvents (SVOCs/@@dsassociated
with fuels and oils of car bodies drums stored on ground,
metals. PCBs where dichnsformers are stored.

training area

Magazine Designated area Ammonium nitratefuel oilandfuel oils contributing source
area of ammoniaand hydrocarbons.
Wastewate Crib rooms, former sewage plan| Nutrients associated with wastewatémbiosolids,
at original township, vehicle hydrocarbons associated with temporary refuelltagks.
washdown area
Firefighting Designated area Aqueous FilrForming Foancontains persistent organic

pollutantsPerfluorinated Compounds (PFCs) primarily as
perfluoro-octane sulfonate (PFOS) and perfluorooctanoic
acids (PFOA).

Solvent
disposal

Solvent evaporation pond

Solvents

Source: AECOM (201a&)d Coffey (2016)

At thedemonstration 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 contaminatio this location.

Baseline sampling at the demonstration plant siié be undertaken prior to construction of the
plant to identify soiland groundwaterconditions Baselinechemistry and water qualitgdata has
also been collected for deeper geologinalts at the site and is summarised in Secton
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4.6 Geology

4.6.1 Regional Geology

The geology of the Telford Basin and surrounds is previously described in Parkin (1953), Johns
(1970) and Springbett (1995).

In general, the areas surrounding Leigh Creek are chaiset! by ranges and low undulating hills

of variably weathered and folded rocks of the Adelaide Geosyncline. These Adelaidean aged
basement rocks in the region include those of the Heysen Supergroup (the Wilpena Group and
the Umberatana Group), and the \Wgma Supergroup (the Burra Group). These rocks are
generally well indurated (hardened) and are predominantly steeply dipping with the strike extent
of the unit often readily identifiable athe surface. Lithologies, which are highly weathered,
include laninated siltstone and shale, dolomitic siltstone, quartzitic boulder tillite, quartzite, and
sandstone.

The Telford Basin is a Mesozoic (Late Triassic to Early Jurassic) basin hosted within the complexly
folded Neoproterozoic Adelaidean metasediments & #delaide Geosyncline. The surrounding

hills and ranges are often flanked by alluvium covered plains of Quaternary sands, gravels, silts
and clays.

Figured-7 showsthe surface geology of the Leigh Creek Coalfield and surrounding area.
o
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Figure4-7: Surface geology of the Telford Basin and surrounding region

4.6.2 Local Geology of the Telford Basin

The Telford Basinwhich isLobe B of the Leigh Creekdlfield) is the largest of the five basins in
the area of Leigh Creekihese basins are structural depressions within the surrounding
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Adelaidean aged basement rocks. The Telford Basin ssammetrical, ellipse shapeuhsin

reaching depths of approximately 1,000 m.

Figure4-8 shows theTelford Basin and other basins in the area of Leigh Caedkprovides a

graphic log of thestratigraphywithin the basin

A
| NORTH FIELD BASIN
| Lobe D

TELFORD BASIN
Lobe B

Lobe C

A
COPLEY BASIN |
Lobe A |

PROTEROZOIC

Basement: sandstone,
TRIASSIC-JURASSIC siltstone, shale and limestone
Basin sediments: mudstone,

coal, sandstone and siltstone

Diapiric material

GRAPHIC LOG,

AGE TELFORD BASIN

DESCRIPTION AND
ENVIRONMENT
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COAL MEASURES

200-650

LATE TRIASSIC

CARNIAN to NORIAN

LEIGH CREEK

50-115

ADELAIDEAN

PROTEROZOIC

KILOMETRES

[ 'MAIN SERIES' COAL:

Alluvial plain gravel, sand, silt and
clay, including Telford Gravel.

™ Light to dark ngroy silty muda(ono
siltstone a

Lacustrine and flood-plain deposits
with crevasse splay sandstone and
siltstone.

Four major upward-fining sequences
deposited in braided and meandering
fluvial environments. Sandstone,
siltstone and mudstone.

‘UPPER SERIES' COAL:
Coal seams interbedded with light grey,
silty mudstones and orange to brown,
silty quartz sandstones in places.

Flood-plain peat swamps and lake
deposits.

mudstones with
Inlo dod red-brown to grey
bars'.

sideritic ‘hard
Lacustrine deposits.

| Coal and some mudstone interbeds.

, silty mudstone interbedded with
brown to grey, silty, sideritic ‘hard
bars', Rare lenses of orange to brown,
very fine-grained quartz

Flood-plain and lacustrine dopodls

‘LOWER SERIES' COA‘ky

Coal with dark grey, silty mudstone
partings overlying a mudstone
sequence with some siltstone,
sandstone and gravelly sandstone.

Lacustrine and flood-plain deposits
with crevasse splay sandstone
and siltstone.

Siltstone, shale and limestone
Formation, Tapley Hill Formation).

95-652 MESA

Source: The Geology of South Australia: The Phanerozoic. GSSA Bul 54

Figure4-8: Telford Basin Geologic Sequence
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The Leigh Creek Coal Measures within the Telford Basinramil of three depositional phases
beginning in the Upper Triassic and concluding in the Middle Jurassic. The basin comprises
predominantly finegrained sediments and spans approximately 34 kmsurface area. A thin
veneer of alluvium and gravel, collectively called the Quaternary Alluvium, covers most parts of
the Telford Basin and areas of the surrounding basement rocks.

The Leigh Creek Coal Measures occurs in three main sequences, naonedligfin descending
stratigraphic order as the Upper Series Coal, Main Series Coal and Lower Series Coal. The overall
coal sequence typically comprises coal seams interbedded with carbonaceous shales, siltstones
and mudstones with numerous sideritic (iroarbonate) hardbars. The Leigh Creek Coal Measures

are described stratigraphically as follows:

1  Upper Series Coals comprise approximately 100 m of interbedded mudstone, siltstone and
numerous coal plies with minor fingrained sandstone. A predominatelyarglstone
sequence approximately 100 m thick with some siltstone, mudstone and minor thin coal plies
overlie the Upper Series Coal.

1 Main Series Coal comprises a 20 m thick zone of (predominately) coal separated from the
Lower Series by approximately 50100 m of grey carbonaceous mudstone containing thin,
hard sideritic siltstone interbeds (hardbars).

1 The Lower Series Coal contains two coal plies in a zone approximately 60 m thick underlain
by approximately 50 m of mudstone and a thin basal gravelly.sand

After deposition, the Triassic and Jurassic sequence and the underlying Basement sequence has
been subject to deformation and erosion, resulting in a beldped syncline. A thin veneer of
alluvium and gravel, collectively called the Quaternary Allayicovers most parts of the Telford

Basin and areas of the surrounding basement rocks.

The general stratigraphic section through the Telford Basin is describEabie4-4. Indicative
cross sectioathrough the basin in the vicinity of the demonstration plaare shown inFigure
4-9, Figure4-10andFigure4-11.
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Table4-4: Generalisedstratigraphy of the Telford Basin

Period Unit ‘ Description ‘
Quaternary| Telford Gravels GRAVEIreddish brown to white, rounded to stiounded cobbles and pebblés
red-brown silty clay soilOften cemented by white to pale pink calcareous matrix.
Unconformably overlies the Upper Series Overburden.
Lower to Upper Series CARBONACEOUS MUDST@alE to light grey silty mudstone with abundant
Middle Overburden 1 carbonaceous fragnmgs and some carbonaceous beds.
Jurassic SANDSTONEBrown fine grainedjuartz sandstone with abundant silty laminations.
Weakly cemented. Up to @ thick.
Upper Series COAL dark brown to black, thin (ZDmm) friable coal seams containing larafions
Overburden 2 of highly plastic clay.
CARBONACEOUS MUDST@alk grey tdorown laminated silty mudstaamwith
carbonaceous fragments.
SILTY SANDSTONMNI®wn, fine grained, quartz sands with abundant sandy silt
laminations. Weakly cemented.
SANDSTONBrange brown to white medium to coarse grained quartz sandstone.
Crossbeddeéh some places, generally moderately well cemented.
Upper Series Coal COAL dark brown to black, friable coal seam. Characterised by seam thicknéss a
seam splitting (68 m thick).
CARBONACEOQOUS MUDST@alE grey silty mudstone with abundacerbonaceous
fragments and laminabins. Medium bedded (16800 mm).
SANDSTONBrange to brown, fine grained silty quartz sandstone. Moderately to
weakly cemented. Beds up ton2 thick.
Upper Main Series CARBONACEOUS MUDST@il todark grey siltynudstone, containing abundant
Triassic Overburden carbonaceous fragments with some thin carbonaceous bed4 (80nm).
SIDERITIC HARDBANB® brown to grey silty siderite band 5m to 30 mm thick
often containing disseminated pyrite.
Main Series Coal CQAL dark brown to black, hard, very low rank shituminous or lignite A coal, with
carbonaceous mudstone parting in some places.
Lower Series CARBONACEOUS MUDST@i¥ to dark grey silty mudstone, containing abundal
Overburden carbonaceous fragmentnd some thin carbonaceous beds {BI® mm).
SIDERITIC HARDBANB& brown to grey silty siderite band 5nm to 300 mm thick
often containing disseminated pyrite.
SANDSTONBrange to brown, fine grained silty quartz sandstone. Moderately to
weakly cemeted. Beds up to 2n thick.
Lower Series Coal COAL dark brown to black, hard, very low rank shituminous or lignite A coal, ofter
separated bycarbonaceous mudstone parting.
CARBONACEOUS MUDST@M¥ to dark grey silty carbonaceous mudstone
containing abundant carbonaceous fragn&n
SANDSTONEBrown to light grey medium to coarse grained carbonaceous sandsti
or grit. Often weathered at basement contact.
CARBONACEOUS MUDST@M¥ to dark grey silty carbonaceous mudstone,
containing abundat carbonaceous fragments with somenhtarbonaceous beds (3(
100mm).
SIDERITIC HARDBANB& brown to grey silty siderite band snm to 300 mm thick
often containing disseminated pyrite.
SANDSTONErange to brown, fine grained silty quartz sandstoMederately to
weakly cemented. Beds up to 2m thick.
Adelaidean | Weathered CARBONACEOQOUS SANDSTItlNEgrey to green silty calcareous shales and aiist
basement Thinly bedded (3@00 mm).

Fractured basement

DOLOMITIC LIMESTOMf and grey dolomititmestone beds up to@m thick
containing oolites and stromatolites in some places.
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Figure4-9: Location of crossections Al Q -y ®
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