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Executive Summary

Santos QNT Pty Ltd (Santos) proposes to carry out the Kahlua Pilot Reactivation at a site located on Lot 6
DP586978 in Marys Mount about 20 kilometres west of Gunnedah, NSW.

The site contains existing coal seam gas exploration infrastructure including four exploration wells (Kahlua (K) 2,
K3, K4 and K5), access tracks, water storage and gas flaring infrastructure.

The purpose of the proposed activity is to continue exploration and appraisal activities at the site utilising the
existing coal seam gas exploration infrastructure. It includes some minor additional civil and construction works
including installation of buried gas and water gathering and power cables, upgrade of the gas flare, establishment
of central power generation infrastructure and 65 kilolitre diesel storage, followed by workovers and completions,
and appraisal activities.

The proposed activity is planned be carried out from early 2023. The civil and construction works, and workovers
and completions, would occur collectively over about three months. The appraisal activities would then continue
for up to two years following the commencement of production through to late 2024/early 2025. It is intended that
the period of approximately two years of appraisal activities would be continuous, however maintenance or
downtime may occur that could result in a lengthier overall program.

The water produced from each of the four wells would flow through the water gathering line network to the existing
central water storage infrastructure, consisting of two, 5 mega litre tanks located near well K2, where it would be
temporarily stored. The two water holding tanks would be periodically emptied, with the water transported to the
water treatment facility at Santos’ Leewood property, about 20 kilometres south of Narrabri, which operates under
a separate activity approval and environment protection licence. Alternately, the produced water may be provided
to a third party for beneficial reuse subject to a successful application for a resource recovery order and exemption
under the Protection of the Environment Operations (Waste) Regulation 2014. Produced water would be managed
in accordance with the Exploration Code of Practice: Produced Water Management, Storage and Transfer.

The volume of water produced would vary over time and be greater at the start of appraisal as the wells are
depressurised, reducing as appraisal continues. Indicatively, daily water production could vary between 6 kilolitres
and 24 kilolitres and with peaks in the order of 48 kilolitres in the early stages. Irrespective of the daily rate of water
production, the total volume of water produced during appraisal is estimated to be about 9 megalitres per year.

Decommissioning and rehabilitation would be carried out once the gas infrastructure reaches the end of its
operational life. Decommissioning and rehabilitation would be carried out in consultation with the landholder and in
accordance with the relevant guidelines including the Exploration Code of Practice: Rehabilitation and the Code of
Practice for Coal Seam Gas Well Integrity.

Coal seam gas exploration at the site is authorised under petroleum exploration licence (PEL) 1, held by Australian
Coalbed Methane Proprietary Limited (Pty Ltd) and Santos. The proposed activity is classified as an assessable
prospecting operation and therefore requires an activity approval under the Petroleum (Onshore) Act 1991.

The purpose of this Review of Environmental Factors (REF) is to assess the potential impacts of the proposed
activity under Part 5 of the Environmental Planning and Assessment Act 1979 (EP&A Act) and in accordance with
the NSW Department of Planning and Environment guideline ESG2: Guideline for preparing a Review of
Environmental Factors.

As one of Australia’s most significant domestic gas suppliers, Santos has partnered with many local communities,
providing jobs and business opportunities while safely and sustainably developing Australia’s natural gas
resources and powering Australian industries and households. Santos is committed to engaging with landholders
and other key stakeholders who may be impacted by our projects or operations. Stakeholder identification and
consultation for the Kahlua project has been undertaken to meet the requirements associated with a ‘medium
impact activity’ as per the Exploration Code of Practice: Community Consultation. Santos will continue to carry out
stakeholder and community consultation activities in the region in relation to the planning and conduct of activities
in accordance with the relevant guidelines.

Using EGS2 guidance, the environmental assessment of the proposed activity as reported herein found that all
assessed environmental disciplines returned impacts ranked as low adverse, with cultural heritage being
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negligible. The total impact of the proposed activity based on the classification of individual impacts has been
found to be low adverse. The assessment found that the proposed activity would comply with all minimal impact
considerations within the NSW Aquifer Interference Policy (DPIE 2012).

In addition, the potential risk of significant impact on Matters of National Environmental Significance were
assessed using applicable Commonwealth Government guidelines. Of the matters of national environmental
significance that were identified:

— The identified wetlands of international importance were listed as being in the order of 1,000 kilometres from
the site of the proposed activity. Given this very large separation distance, the potential impact of the
proposed activity on the identified wetlands is negligible.

— The proposed activity was found to not have a significant impact on biodiversity including threatened species
and ecological communities.

— Inrelation to the NSW Aquifer Interference Policy, predicted impacts are expected to be minor or negligible,
and temporary, and are therefore unlikely to result in reduction in the current and future utility of affected
aquifers. As such, the impacts are not considered to represent a ‘significant impact’, and therefore, are
interpreted not to require referral under the EPBC Act water trigger.

Overall, the potential impacts on matters of national environmental significance were assessed as low.

Notwithstanding the assessment findings, Santos champions leading practice environmental and social
governance, and therefore, has committed to the range of management and mitigation safeguards as described in
Appendix .

In summary, this REF has assessed the potential impacts of the proposed activity under Part 5 of the
Environmental Planning and Assessment Act 1979 and in accordance with ESG2: Guideline for preparing a
Review of Environmental Factors (DPIE 2015).

As the site of the proposed activity has been disturbed previously for the establishment of the existing gas
exploration infrastructure, the proposed activity would involve relatively limited additional disturbance at the site
and would largely represent a continuation of the use of existing and approved infrastructure. As such, the total
impact of the proposed activity based on the classification of individual impacts has been found to be low adverse.

The proposed activity would not be likely to have a significant impact on the environment or a significant impact on
a matter of national environmental significance.

Accordingly, an environmental impact statement or species impact statement are not required under the
Environmental Planning and Assessment Act 1979 and a referral is not required under the Environment Protection
and Biodiversity Conservation Act 1999.

This conclusion has been arrived at with due consideration to the principles of ecologically sustainable
development and the environmental factors under the Environmental Planning and Assessment Regulation 2021
which have been summarised in and responded to in Appendix A of this REF.
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Abbreviations

ABN Australian Business Number

AHD Australian Height Datum

AHIMS Aboriginal Heritage Information Management System

AHIP Aboriginal heritage impact permit

AS Australian Standard

dBA Decibel A Scale

BC Act Biodiversity Conservation Act 2016 (NSW)

BOM Bureau of Meteorology

BSAL Biophysical strategic agricultural land

CH Cultural heritage

CO2-e Carbon dioxide equivalent emissions

COVID Coronavirus (COVID-19) pandemic

CSG Coal seam gas

CSIRO Commonwealth Scientific and Industrial Research Organisation

Ccu Cumulative

DCCEE&W Australian Department of Climate Change, Energy, the Environment and Water

DECC NSW Department of Environment and Climate Change

DECCW NSW Department of Environment, Climate Change and Water

DOI NSW Department of Industry

DP Deposited Plan

DPE NSW Department of Planning and Environment

DPI NSW Department of Primary Industries

DPIE NSW Department of _Planning, Inplustry and Environment (now renamed as NSW
Department of Planning and Environment)

EP&A Act Environmental Planning and Assessment Act 1979 (NSW)

EPA NSW Environment Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 (Cth)

EPL Environmental Protection Licences

GDE Groundwater Dependent Ecosystems

ICNG Interim Construction Noise Guideline

ID Identification number

IDE Inflow dependent ecosystems

IEO Index of Education and Occupation

IER Index of Economic Resources

IRSD Index of Relative Socio-Economic Disadvantage

LAeq Equivalent Continuous Sound Pressure Level

LALC Local Aboriginal Land Council

LDAR Gas Leak Detection and Repair

LEP Local Environmental Plan

LGA Local government area

LLS Local Land Services

MDB Murray Darling Basin

MEG Department of Regional NSW, Mining, Exploration and Geoscience

MGA Map Grid of Australia

MNES Matters_ of nation_al gnvirc_)nmental sign_ificance under the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999.

MP Member of Parliament

NA Not Applicable

NML Noise management level

NPTl Noise Policy for Industry
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NSW

New South Wales

OEH Office Of Environment and Heritage

OOHW Outside of hours works

PEL Petroleum exploration licence

POEO Act Protection of the Environment Operations Act 1997 (NSW)
REF Review of environmental factors

SAMBs Shallow aquifer monitoring bores

SEED Sharing and Enabling Environmental Data portal
SEIFA Socio-Economic Indexes for Areas

SEPP State environmental planning policy

SSD State significant development

SSI State Significant Infrastructure

TBA To be announced

TFNSW Transport for NSW

UTM Universal Transverse Mercator

WA Waste and resources
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1.

1.1

Introduction

Overview

Santos QNT Pty Ltd (Santos) proposes to carry out the Kahlua Pilot Reactivation at a site located on Lot 6
DP586978 in Marys Mount about 20 kilometres west of Gunnedah, NSW.

The site contains existing coal seam gas exploration infrastructure including four exploration wells (Kahlua (K) 2,
K3, K4 and K5), access tracks, water storage and gas flaring infrastructure.

The purpose of the proposed activity is to continue exploration and appraisal activities at the site utilising the
existing coal seam gas exploration infrastructure. It includes some minor additional civil and construction works
including installation of buried gas and water gathering and power cables, upgrade of the gas flare, establishment

of ce

ntral power generation infrastructure and 65 kilolitre diesel storage, followed by workovers and completions,

and appraisal activities.

Coal seam gas exploration at the site is authorised under petroleum exploration licence (PEL) 1, held by Australian
Coalbed Methane Proprietary Limited (Pty Ltd) and Santos.

The proposed activity is classified as an assessable prospecting operation and therefore requires an activity
approval under the Petroleum (Onshore) Act 1991.

The site of the proposed activity and infrastructure layout is shown in Figure 1.1.

1.2 Purpose and structure

The purpose of this Review of Environmental Factors (REF) is to assess the potential impacts of the proposed
activity under Part 5 of the Environmental Planning and Assessment Act 1979 (EP&A Act) and in accordance with
the NSW Department of Planning and Environment guideline ESG2: Guideline for preparing a Review of
Environmental Factors (DPIE 2015).

The structure and content of this Review of Environmental Factors is as follows:

Section 2 — description of the proposed activity including stakeholder consultation

Section 3 — statutory context including application of laws, regulations and instruments

Section 4 — description of the existing environment and potential impacts of the proposed activity
Section 5 — conclusion including determination of significant impact on the environment.
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2. Proposed activity

2.1 Activity description

The proposed activity at the site would involve the following:

—  Minor civil and construction works, including:
e installation of buried gathering (gas and water) lines and power cables
e upgrade of the existing gas flaring infrastructure at well pad K2
e establishment of central power generation infrastructure at well pad K2
e establishment of a 65 kilolitre diesel fuel storage at well pad K2.
—  Workovers and completions of four existing gas exploration wells (K2, K3, K4 and K5).
— Appraisal activities including water and gas production from all four wells and gas flaring (K2 only).
—  Decommissioning and rehabilitation activities.

The proposed activity is necessary for the continued exploration and appraisal of gas in PEL1.

The site of the proposed activity contains existing and approved coal seam gas exploration infrastructure as
described in Section 1.1. As far as reasonably practicable, the proposed activity would be contained to areas that
have already been disturbed through the establishment of this infrastructure. As such, the proposed activity may
be largely characterised as a brown field activity that would likely result in no additional impacts on the
environment at the proposed site.

2.2 Timing and duration

The proposed activity is planned be carried out from early 2023. The civil and construction works, and workovers
and completions, would occur collectively over about three months. The appraisal activities would then continue
for up to two years following the commencement of production through to late 2024/early 2025.

Civil and construction work and related activities would be carried out within the hours of operation and exceptions
currently permitted under EPL 20351, which are reproduced below.

L4.1 Standard construction hours

Unless otherwise specified by any other condition all construction activities are:

a) restricted to between the hours of 7:00am and 6:00pm Monday to Friday;

b) restricted to between the hours of 8:00am and 1:00pm Saturday; and

¢) not to be undertaken on Sundays or Public Holidays.

L4.2 Exceptions to standard construction hours

The following may be carried out outside of the hours permitted by Condition L4.1:
a) Construction work that causes LAeq(15minute) noise levels that are:

(i) no more than 5dB above rating background level at any residence not subject to a private negotiated
agreement, in accordance with the Interim Construction Noise Guideline (DECC, 2009); and

(i) no more than the noise management levels specified Table 3 of the Interim Construction Noise Guideline
(DECC, 2009) at other sensitive land uses.

b) The delivery of plant, equipment and materials which is required to be delivered outside of the standard
construction hours by Police and/or other authorities; and

¢) Emergency work to avoid loss of life, damage to property and/or environmental harm.
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2.3 Workforce and access

The workforce at the site of the proposed activity at any one time would total about 50 workers. It is planned for the
workforce to be accommodated in Gunnedah and/or Boggabri and travel to the site each day in four-wheel drive
vehicles via the existing road network and the access tracks at the site. It is not planned that there would be a
persistent onsite workforce during appraisal activities, however, the site would be visited by a small number of
workers for monitoring operations and maintenance activities.

24 Equipment and materials

Equipment that would be used on site would indicatively include various heavy vehicles, excavators, rollers, water
carts, mobile cranes, drilling rigs, pumps, and generators.

Materials that would be transported to site would include prefabricated sections of gathering lines, HDPE pipe,
power cables and equipment, components for the upgrade of the gas flare, central power generation infrastructure,
principally a diesel generator, and the diesel fuel storage tank.

The civil and construction works have the potential to generate surplus excavated material. As far as practicable,
all excavated material would be reused during backfilling, however, there remains the potential for there to be a
relatively small volume of surplus excavated material.

The approach to managing waste materials is discussed in section 4.7.

2.5 Services and utilities

The services and utilities that would be required include power, water, and sewage.

Power required during the civil and construction works, and the workovers and completions, would be generated
on site by diesel-powered generators. Power requirements during appraisal activities would be supplied from
central power generation infrastructure at well pad K2.

Water would be required during civil and construction works, primarily for dust control purposes. Water would be
delivered to site by water cart as required, depending on site conditions.

Water would also be required for workovers. The volume of water required would nominally be in the order of
50,000 to 80,000 litres per workover. Potential water sources could include existing farm dams in the region and/or
existing or new groundwater bores.

All water take required for the proposed activity would be suitably licensed under the Water Management Act 2000
and, in the case of existing farm dams or groundwater bores, agreements with the relevant owners and licence
holders of those water sources.

Sewage services would be provided by portable amenities situated on site with sewage waste being routinely
collected by suitably licensed waste management contractors.

2.6 Civil and construction

Installation of gathering lines and power cables would be by open trenching. The corridor for these works would be
nominally 17 metres in width and 2 kilometres in length. The dimensions of the open trench within this corridor
would be in the order of 1 metre wide and 1 metre deep.

As trenching progresses, the excavated material would be temporarily stockpiled within the construction corridor
adjacent to the trench. Topsoil would be excavated first and stockpiled separately, followed by subsoil, so the
existing soil profile may be reinstated during backfilling.

Sections of gathering lines and power cables would be progressively delivered to site, strung out and joined, and
placed into the open trench. Excavated material would be progressively backfilled and lightly compacted over the
installed gathering lines and power cables.

The upgrade of the existing gas flare at well K2 would be necessary to flare additional gas generated from wells
K3, K4 and K5, once they are tied in. The flare would be designed in accordance with all relevant Australian and
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Water quality within the target formation has been characterised by sampling and laboratory analysis, and is
characterised by alkaline pH values, and higher electrical conductivity and total dissolved solids when compared to
water in overlying alluvial formations used for agricultural purposes under licence. Laboratory analytical results are
provided in Appendix C.

Gas produced from each of the four wells would flow through the gas gathering lines to the upgraded gas flare
near well K2, where the gas would be flared continuously. It is estimated that the median gas production rate
would be in the order of 480 thousand standard cubic feet per day, up to a probable maximum in the order of
820 thousand standard cubic feet per day. Gas composition data collected to date indicates the gas contains
about 4 per cent carbon dioxide.

2.9 Decommissioning and rehabilitation

Decommissioning and rehabilitation would be carried out once the gas infrastructure reaches the end of its
operational life. Decommissioning and rehabilitation would be carried out in consultation with the landholder and in
accordance with the relevant guidelines including the Exploration Code of Practice: Rehabilitation (NSW
Government 2012c) and the Code of Practice for Coal Seam Gas Well Integrity (NSW Government 2012a).

2.10 Stakeholder consultation

2.10.1 Overview

As one of Australia’s most significant domestic gas suppliers, Santos has partnered with many local communities,
providing jobs and business opportunities while safely and sustainably developing Australia’s natural gas
resources and powering Australian industries and households. Santos is committed to engaging with landholders
and other key stakeholders who may be impacted by our projects or operations.

Santos has carried out stakeholder engagement regarding its gas exploration program in the Gunnedah Basin
since 2008. Santos established and operated a Shopfront in Gunnedah for nine years from 2009 through until
September 2018 to provide information to the community. Santos had a strong presence in the Gunnedah area
during this period, with involvement in local events and representation on several community groups.

From late 2018, the exploration and appraisal work program in PEL 1 and 12 was reduced as part of a wider
contiguous exploration project, comprising multiple prospecting titles, where PEL 238 and the Narrabri Gas Project
became the focus for Santos’ NSW operations. While resources were realigned to meet delivery commitments for
the Narrabri Gas Project, relationships with key stakeholders in the Gunnedah area have been maintained. From
March 2020 through until January 2022, participation in community events was limited due to COVID-19
restrictions. During this period, Santos continued to provide information through the Santos website, activity
updates in local newspapers, and a monthly activity update newsletter emailed to key stakeholders. Santos has
offered an enquiry email address and telephone number during this time.

Santos has developed a specific community and stakeholder engagement plan for the proposed activity. The
objectives of the stakeholder engagement plan are to:
— Increase overall awareness and understanding of the CSG industry

— Keep landholders, neighbours, residents, local council and relevant government agencies informed of the
activity and progress

—  Consider the interests of stakeholders in the project design and implementation

— Identify key issues or concerns for stakeholders and the community and address these through the
environmental assessment process

—  Provide timely, accurate and credible information to stakeholders and the broader community.

Stakeholder identification and consultation has been undertaken to meet the requirements associated with a
‘medium impact activity’ as per the Exploration Code of Practice: Community Consultation (Department of
Regional NSW 2022). A summary of stakeholder engagement is summarised in the following sections.

Santos will continue to carry out stakeholder and community consultation activities in the region in relation to the
planning and conduct of activities in accordance with the relevant guidelines including Exploration Code of
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Practice: Community Consultation (Department of Regional NSW 2022) and Exploration Guideline: Petroleum
Land Access (Department of Industry, July 2015).

2.10.2 Stakeholders

The following stakeholders have been identified for the activity based on the ‘medium impact’ determination for the

activity:
— Landholder and residents/tenants of the site of the activity
—  Gomeroi Native Title claimants
—  Local government — Gunnedah Shire Council
—  NSW Government local Member of Parliament — Member for Tamworth
—  Community and Environment Groups
e Mullaley Gas and Pipeline Accord
e SOS Liverpool Plains
e Lock the Gate Alliance
e The Wilderness Society
o NSW Farmers
e General community
— Landholders, residents and businesses within 5km of the activity
e Local contractors/service providers
e Resource Title Holders
—  Local Aboriginal Land Council
e Red Chief LALC
e Walhollow LALC
—  State government
e Various state government ministerial offices
e Department of Regional NSW, Mining, Exploration and Geoscience (MEG)
e NSW Environment Protection Authority (EPA)
¢ North West Local Land Services (LLS)
— Santos has also identified and engaged with the following additional stakeholders:
e Local Chamber of Commerce — Gunnedah Chamber of Commerce
No mineral or coal titles overlie or directly adjoin the site, however engagement will be undertaken with Namoi

Mining Pty Ltd that hold the licence for EL5183 which is located approximately 5 kilometres to the east of the
activity area.

2.10.3 Broad consultation activities

Santos uses a wide range of consultation tools to engage with various stakeholders as part of its overall
community engagement program for its activities within PEL 1. This includes:

— Responding to correspondence / submissions regarding our activities

—  Providing general information through the Santos website

—  Daily presence at the Santos shopfront in Narrabri

— Media announcements

— Activity updates in local newspapers

— A monthly activity update newsletter emailed to key stakeholders
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3. Statutory context

3.1 Environmental Planning and Assessment Act 1979

The Environmental Planning and Assessment Act 1979 (EP&A Act) is the principal law regulating development in
NSW. It establishes a regime for the making and determination of development applications, including assessment
of environmental impacts. It also provides for the making of environmental planning instruments that place further
controls on development including various local environmental plans (LEPs) and State environmental planning
policies (SEPPs).

The EP&A Act defines development as any use of land, subdivision, building, work, demolition, or any other act,
matter or thing controlled by an environmental planning instrument.

The EP&A Act further defines a number of types of development, including:

— Division 4.3 — Local and regional development

— Division 4.7 — State significant development (SSD)

—  Division 5.1 — Activities by determining authorities

— Division 5.2 — State significant infrastructure (SSI).

Activities under Division 5.1 are generally those carried out by or on behalf of a public authority. A public authority
in this case becomes the prescribed determining authority for the activity. In its consideration of an activity, a

prescribed determining authority must examine and take into account to the fullest extent possible all matters
affecting or likely to affect the environment.

As discussed in section 3.2, the proposed activity requires an activity approval under the Petroleum (Onshore) Act
1991. The NSW Resources Regulator would be required to comply with the requirements of Division 5.1 of the
EP&A Act in providing any such activity approval.

3.2 Petroleum (Onshore) Act 1991

The Petroleum (Onshore) Act 1991 regulates petroleum exploration and production in NSW. The Act provides for
the granting of various petroleum titles including the following:

— Division 2 — Petroleum exploration licences

— Division 3 — Petroleum assessment leases

—  Division 5 — Petroleum production leases.

Division 2, Section 31A of the Act states that the holder of a petroleum exploration licence (PEL) must seek an
activity approval for any assessable prospecting operation on land over which the licence is granted. Section 3 of

the Act states an assessable prospecting operation is defined as any prospecting operation that is not exempt
development as defined under the EP&A Act.

Santos is acting on behalf of the titleholders of PEL 1, which applies to land including the site of the proposed
activity (DPIE 2019). The proposed activity classifies as an assessable prospecting operation and therefore
requires an activity approval under the EP&A Act.

3.3 Water Management Act 2000

The Water Management Act 2000 provides for the sustainable and integrated management of water resources
within NSW. The Act provides for the making of water sharing plans, which set out rules for taking surface water
and groundwater, and the granting of water access licences.

There are two water sharing plans relevant to the proposed activity:

—  Water Sharing Plan for the NSW Murray Darling Basin
Porous Rock Groundwater Sources 2020
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—  Water Sharing Plan for the Namoi Alluvial
Groundwater Sources 2020.

The Water Management (General) Regulation 2018 identifies a number of exemptions from the licensing
requirements of the Act. Section 21 of the regulation states a person is exempt from requiring an access licence in
relation to the taking of water from a water source if specified in any provision of Part 1 of Schedule 4 of the
regulation. Part 1 of Schedule 4 includes any person lawfully engaged in an aquifer interference activity including
taking of water for exploration for petroleum provided the taking of water is less than or equal to 3 mega litres in a
given year.

The Act also regulates aquifer interference activities and other controlled activities where they affect the quantity or
flow of water, including development, or removal or deposition of material.

The assessment and approval process for aquifer interference activities is set out in the NSW Aquifer Interference
Policy (DPI 2012). The policy contains minimal impact considerations that may be applied to determine whether an
aquifer interference activity will have minimal impact.

The policy states that the potential impacts of petroleum exploration activities on groundwater are to be assessed
under the EP&A Act. The application of the EP&A Act is discussed in section 3.1 and potential impacts on
groundwater have been assessed in section 4.4.2.

The proposed activity would involve groundwater take that would require a water access licence under these
plans. Specifically, it would involve extraction of an estimated 9 megalitres per year from the Gunnedah-Oxley
Basin MDB Groundwater Source under the Water Sharing Plan for the NSW Murray Darling Basin Porous Rock
Groundwater Sources 2020. This groundwater source is significantly under-allocated, and an allocation of this size
would be readily available.

As discussed in section 4.4, the proposed activity would result in negligible, if any, induced flow in overlying
aquifers, and accordingly, water access licenses for these aquifers are not needed.

As discussed in section 2, water would also be required for workovers in the order of 50,000 to 80,000 litres per
workover. Potential water sources could include existing farm dams in the region and/or existing or new
groundwater bores. All water take required for the proposed activity would be suitably licensed under the Water
Management Act 2000 and, in the case of existing farm dams or groundwater bores, agreements with the owners
and licence holders.

3.4 Protection of the Environment Operations Act 1997

The Protection of the Environment Operations Act 1997 (POEO Act) aims to protect, restore, and enhance the
quality of the environment. It prescribes offences mainly regarding pollution of the environment and establishes a
regime for the licensing of certain scheduled activities.

Santos is the holder of EPL 20351 for the scheduled activity of petroleum exploration, assessment, and production
(NSW EPA 2020). The licence applies to the existing coal seam gas exploration infrastructure and would require
minor amendments for the proposed activity.

Santos is also the holder of EPL 20350 for the scheduled activity of petroleum exploration, assessment, and
production (NSW EPA 2019). Condition A.32 of the licence states that it also applies to the operation of the
existing produced water treatment facility at Leewood as described in the activity approval under the Petroleum
(Onshore) Act 1991 (DOI 2015a).

As discussed in section 2, produced water may be transported to the existing water treatment facility at Santos’
Leewood property near Narrabri. Condition L3.4 of EPL 20350 was amended on 24 November 2022 to authorise
the receipt of the produced water.
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3.5 Environment Protection and
Biodiversity Conservation Act 1999

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is the principal Commonwealth
environment law. It protects the following nine matters of national environmental significance (MNES):
— world heritage properties

— national heritage places

— wetlands of international importance

— listed threatened species and ecological communities

— migratory species protected under international agreements

—  Commonwealth marine areas

— the Great Barrier Reef Marine Park

— nuclear actions (including uranium mines)

— awater resource, in relation to coal seam gas or large coal mining development.

The EPBC Act also protects other matters including the environment in general where an action is on, or will
affect, Commonwealth land, or where it is proposed by a Commonwealth agency.

An action that is likely to have a significant impact on matters of national environmental significance must be
referred to the Minister responsible for the administration of the EPBC Act. After receiving a referral, the Minister
decides whether the action is a controlled action.

Potential impacts on matters of national environmental significance are assessed in section 4.13. The proposed
activity is not likely to have a significant impact on a matter of national environmental significance and is not on
Commonwealth land or proposed by a Commonwealth agency. As such, the proposed activity does not need to be
referred under the EPBC Act.

3.6 State Environmental Planning Policy
(Resources and Energy) 2021

State Environmental Planning Policy (Resources and Energy) 2021 aims to provide for the management and
development of mining, petroleum, and extractive industries. It establishes a gateway process to assess the
impact of State significant mining and coal seam gas development on strategic agricultural land and its associated
water resources.

The gateway assessment process is detailed in Division 4 of the policy. Section 2.29 provides that an application
for a gateway certificate in respect of proposed mining or petroleum development on strategic agricultural land is
to be made to the Gateway Panel.

Proposed mining or petroleum development is defined with reference to Schedule 1, section 6 of State
Environmental Planning Policy (Planning Systems) 2021 as follows:

6 Petroleum (oil and gas)

(1) Development for the purpose of petroleum production.

(2), (3) (Repealed)

(4) Development for the purpose of petroleum related works (including pipelines and processing plants) that—
(a) is ancillary to or an extension of another State significant development project, or

(b) has a capital investment value of more than $30 million.

(4A) This clause does not apply to coal seam gas development on or under land within a coal seam gas
exclusion zone or land within a buffer zone (within the meaning of clause 9A of State Environmental Planning
Policy (Mining, Petroleum Production and Extractive Industries) 2007).
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(5) In this clause, petroleum production has the same meaning as it has in State Environmental Planning Policy
(Mining, Petroleum Production and Extractive Industries) 2007.

With regard to clause 6(5), petroleum production is defined in section 2.2 of State Environmental Planning Policy
(Resources and Energy) 2021 as follows:

petroleum production means the recovery, obtaining or removal of petroleum pursuant to a production lease
under the Petroleum (Onshore) Act 1991 or a production licence under the Petroleum (Submerged Lands) Act
1982, and includes—

(a) the construction, operation and decommissioning of associated petroleum related works, and
(b) the drilling and operation of wells, and
(c) the rehabilitation of land affected by petroleum production.

petroleum related works means any works, structures or equipment that are ancillary or incidental to
petroleum production and includes all works, structures and equipment that a production lease under the
Petroleum (Onshore) Act 1991, or a production licence under the Petroleum (Submerged Lands) Act 1982,
entitles the lease or licence holder to construct, maintain or execute.

The proposed activity does not classify as development for the purpose of petroleum production or petroleum
related works as it would be carried out pursuant to a petroleum exploration licence and not a petroleum
production lease or petroleum production licence.

As such, the gateway assessment process does not apply to the proposed activity.

Section 2.8 of the policy states that development for petroleum exploration may be carried out without
development consent under Part 4 of the EP&A Act. Petroleum exploration is defined by the policy as including
prospecting pursuant to a petroleum exploration licence. The proposed activity is development for the purpose of
petroleum exploration and accordingly may be carried out without development consent under Part 4 of the EP&A
Act. It must nonetheless comply with the requirements of Division 5.1 of the EP&A Act as discussed in section 3.1.

Section 2.12 of the policy states that coal seam gas development is prohibited in certain exclusion zones and
buffer zones. Exclusion zones include residential zones, future residential growth areas, rural village land and
critical industry cluster land. Buffer zones include any land within two kilometres of a residential zone, future
residential growth area or rural village land. The site of the proposed activity is not within the above listed
exclusion or buffer zones.

3.7 Gunnedah Local Environmental Plan 2012

The Gunnedah Local Environmental Plan 2012 is the principal local planning instrument administered by
Gunnedah Shire Council. The plan specifies permitted and prohibited development and land use zones throughout
the Gunnedah local government area.

The site of the proposed activity is zoned as RU1 Primary Production under the plan. The proposed activity is
permitted with consent within this zone. As discussed in section 3.6, the proposed activity is permissible without
development consent under Part 4 of the EP&A Act.
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groundwater was observed to be fresh to slightly brackish. Groundwater in coal formations, including the target
Hoskissons Coal Measure in particular, was far more saline than other formations.

The marked difference in water quality, in particular between the target Hoskissons Coal Measure and shallower
aquifers, provided further evidence of the significant hydraulic barrier.

A review of registered bores within about six kilometres of the site of the proposed activity was carried out. The
registered bores identified within about 2 kilometres of the site were:

-  GW026532 — 1.74 km south-east — Water supply — Napperby Formation

- GWO027074 — 1.87 km south-east — Unknown use — Napperby Formation

- GWO027071 — 1.75 km north-east — Irrigation — Napperby Formation

- GWO027072 — 1.94 km north-east — Irrigation — Digby Formation

— GWO027073 — 1.46 km north-east — Irrigation — Digby Formation.

The likely aquifer units targeted by these bores was appraised based on bore depth and the conceptual
groundwater model. As shown above, the bores in proximity to the site of the proposed activity were considered to
target the Napperby Formation or Digby Formation. As discussed above, these formations are separated from the

target Hoskissons Coal Measure by on average over 120 metres of intervening strata that form a significant
hydraulic barrier.

A review of potential groundwater-surface water interactions identified that regional waterways including Mooki
River and Coxs Creek were likely to be connected to alluvial aquifers however groundwater is generally
significantly deeper than the beds of the waterways particularly in reaches where groundwater extraction was
occurring. WaterNSW monitoring bore data to the west of the site of the proposed activity indicated groundwater
depths in the alluvial aquifers at about 14 metres below ground level. It was therefore considered that the
interactions would more typically involve the waterways recharging the alluvial aquifers, particularly after rainfall.

A number of potential groundwater dependent ecosystems (GDEs) and inflow dependent ecosystems (IDEs) were
identified within about 10 kilometres from the site of the proposed activity. The identified GDEs and IDEs were
typically vegetation communities that generally classified as low to moderate potential for groundwater
dependence, and a subset with high potential, that would typically rely on the relatively shallow potential aquifer
units. There were no high priority GDEs as listed under the relevant water sharing plan within 10 km of the site.

4.41.2 Surface water

There are no mapped minor or major watercourses in or near the site of the proposed activity. The nearest minor
watercourses are Quia Creek about 8 kilometres to the west and Collygra Creek about 3 kilometres to the east.
The nearest major watercourse is the Namoi River about 20 kilometres to the north-east. Some minor ephemeral
drainage lines connecting a series of farm dams are situated about 100 metres south-west and 250 metres north-
east of the site.

4.4.2 Potential impacts
The potential impacts of the proposed activity include the following and are considered below:

—  potential change in groundwater hydraulic pressure (drawdown)
—  potential change in groundwater quality and quantity

—  potential change in groundwater availability on GDEs and/or IDEs
—  potential change in surface water quality or availability.

Produced water management is discussed separately in section 2.

4421 Potential change in groundwater hydraulic pressure (drawdown)

The potential for drawdown was assessed using a numerical model on the conservative assumption of an
extraction rate of 24 kilolitres per day each day over two years. The model then produced a predicted drawdown at
each of the registered bores in the vicinity of the site of the proposed activity.
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4.5.2 Potential impacts

The ongoing appraisal activities would largely represent a continuation of the use of existing and approved
infrastructure at the site. The proposed activity may involve some additional works with minimal disturbance. The
proposed activity would therefore have limited impacts on existing land uses and property values.

As discussed in section 2.10, the proposed activity would be carried out in consultation with the existing
landholder, which would serve to further minimise potential impacts on land use.

The proposed activity would involve some temporary and small-scale excavation that would have no long-term
impacts on the topography and stability of the site. Given the site is relatively flat, and the soils are not mapped as
dispersive, and are therefore not prone to erosion, it is considered that erosion and sedimentation would be readily
controlled by standard measures.

The potential impacts of the proposed activity on agricultural land, including BSAL, have been assessed in the
following subsection in accordance with the requirements for a Level 2 Agricultural Impact Statement, which are
set out in the Strategic Regional Land Use Policy Guideline for Agricultural Impact Statements at the Exploration
Stage (NSW Government 2015). The assessed impact of the proposed activity on soils and land use, including
BSAL, is considered low.

4521  Strategic agricultural land
As discussed in section 4.5.1, the site of the proposed activity is partly mapped as BSAL.

As discussed in section 2, as far as reasonably practicable, the proposed activity would be confined to areas that
have already been disturbed through the establishment of existing and approved onshore gas exploration
infrastructure. As such, the potential for the proposed activity to have a significant impact on the strategic
agricultural land is intrinsically low.

A worst-case scenario for the purpose of assessing potential impacts on strategic agricultural land would be that
the construction corridor for the installation of gathering lines would be entirely outside areas that have already
been disturbed. In this scenario, an area of agricultural land totalling about 2.3 hectares would be directly impacted
by excavation and/or compaction. About 1.95 hectares of this area of additional disturbance would be on land
mapped as BSAL — or about 0.001 per cent of mapped BSAL within the Gunnedah local government area.

The land that would be directly disturbed during the minor civil and construction works would be limited and,
following the works, would be restored to a state such that cropping could resume. Accordingly, there is not
expected to be any significant or lasting impact to agricultural land.

Proposed measures to rehabilitate impacted agricultural land are included in section 4.5.3.

4.5.2.2 Sensitive agricultural activities

The existing use of agricultural land at the site and surrounding region are predominantly cropping with smaller
areas of grazing on modified pastures (Australian Government 2020b).

No nearby sensitive agricultural activities have been identified, including intensive plant agriculture such as
orchards and vineyards, intensive livestock agriculture and/or breeding.

4.5.2.3 Agricultural biosecurity

The proposed activity would involve the use of vehicles and equipment, which would have the potential to create
vectors for noxious weeds or plant diseases. The excavation of soil at the site would also present a risk of
mobilising soil borne plant diseases such as Phytopthora.

As all vehicles and equipment would access the site via existing roads, remaining within areas that have either
been previously disturbed or are immediately adjacent to previously disturbed land, the potential for the spread of
weeds and disease into agricultural areas would be limited. Proposed measures to prevent the spread of weeds
and disease are nonetheless included in section 4.5.3.

The approach to weed management at the site is discussed in section 4.9.
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413 Matters of national environmental significance

4.13.1 Existing environment

A search using the protected matters search tool was carried out to identify matters of national environmental
significant under the EPBC Act in the region of the proposed activity, including a one kilometre buffer zone around
the site. The search identifies listed World Heritage Properties, National Heritage Places, Wetlands of International
Importance, the Great Barrier Reef Marine Park, Commonwealth Marine Areas, Listed Threatened Ecological
Communities, Listed Threatened Species and Listed Migratory Species.

The matters of national environmental significance that were identified included the following:

— 3 wetlands of international importance

— 6 threatened ecological communities

— 26 listed threatened species

— 9 migratory species.

No world heritage properties or national heritage places were identified.
The complete protected matters search record is provided in Appendix B.

As the proposed activity is for gas exploration, it is also considered that protection of water resources (from coal
seam gas development and large coal mining development) are a relevant matter of national environmental
significance under the EPBC Act.

4.13.2 Potential risk of significant impact on Matters of National
Environmental Significance

The potential risk of significant impact on Matters of National Environmental Significance were assessed using the
following Commonwealth Guidelines:

—  Commonwealth Department of the Environment (DoE) (2013). Matters of National Environmental
Significance. Significant Impact Guidelines 1.1.

—  Commonwealth Department of Climate Change, Energy, the Environment and Water (DECCEEW) (2022).
Significant Impact Guidelines 1.3 — Coal seam gas and large coal mining developments — impacts on water
resources.

The identified wetlands of international importance were listed as being in the order of 1,000 kilometres from the
site of the proposed activity. Given this very large separation distance, the potential impact of the proposed activity
on the identified wetlands is negligible.

As discussed in section 4.7, the proposed activity would not have a significant impact on biodiversity including
threatened species and ecological communities under the EPBC Act.

As discussed in section 4.4.2 in relation to the NSW Aquifer Interference Policy, predicted impacts are expected to
be minor or negligible, and temporary, and are therefore unlikely to result in reduction in the current and future
utility of affected aquifers. As such, the impacts are not considered to represent a ‘significant impact’, and
therefore, are interpreted not to require referral under the EPBC Act water trigger.

Overall, the potential impacts on matters of national environmental significance would be low.
414 Cumulative impacts
4.14.1 Existing environment

An assessment of cumulative impacts was undertaken using the guidance from Guidelines for the Assessment of
Indirect and Cumulative Impacts as well as Impact Interactions (European Commission 1999).

GHD | Santos | 2122463 | Kahlua Pilot Reactivation 38












5. Conclusion

This Review of Environmental Factors has assessed the potential impacts of the proposed activity under Part 5 of
the Environmental Planning and Assessment Act 1979 and in accordance with ESG2: Guideline for preparing a
Review of Environmental Factors (DPIE 2015).

The site of the proposed activity has been disturbed previously for the establishment of the existing gas
exploration infrastructure. The proposed activity would involve relatively limited additional disturbance at the site
and would largely represent a continuation of the use of existing and approved infrastructure. The total impact of
the proposed activity based on the classification of individual impacts has been found to be low adverse.

The proposed activity would not be likely to have a significant impact on the environment or a significant impact on
a matter of national environmental significance.

Accordingly, an environmental impact statement or species impact statement are not required under the
Environmental Planning and Assessment Act 1979 and a referral is not required under the Environment Protection
and Biodiversity Conservation Act 1999.

This conclusion has been arrived at with due consideration to the principles of ecologically sustainable
development and the environmental factors under the Environmental Planning and Assessment Regulation 2021
which have been summarised in and responded to in Appendix A.

A statement of commitments consolidating the proposed measures is provided in Appendix I.
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EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters

protected by the EPBC Act in the area you have selected. Please see the caveat for interpretation of
information provided here.

Report created: 16-Dec-2022
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Summary

Matters of National Environment Significance

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

World Heritage Properties: None
National Heritage Places: None
Wetlands of International Importance (Ramsar 3
Great Barrier Reef Marine Park: None
Commonwealth Marine Area: None
Listed Threatened Ecological Communities: 6
Listed Threatened Species: 26
Listed Migratory Species: 9

Other Matters Protected by the EPBC Act

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the ‘environment’, these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
https://www.dcceew.gov.au/parks-heritage/heritage

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Commonwealth Lands: 2
Commonwealth Heritage Places: None
Listed Marine Species: 16
Whales and Other Cetaceans: None
Critical Habitats: None
Commonwealth Reserves Terrestrial: None
Australian Marine Parks: None
Habitat Critical to the Survival of Marine Turtles: None

This part of the report provides information that may also be relevant to the area you have

State and Territory Reserves: None
Regional Forest Agreements: None
Nationally Important Wetlands: None
EPBC Act Referrals: 1

Key Ecological Features (Marine): None
Biologically Important Areas: None
Bioregional Assessments: 1

Geological and Bioregional Assessments: None



https://www.dcceew.gov.au/parks-heritage/heritage

Detalls

Matters of National Environmental Significance

Wetlands of International Importance (Ramsar Wetlands) [ Resource Information ]
Ramsar Site Name Proximity Buffer Status
Banrock station wetland complex 900 - 1000km In feature area
upstream from
Ramsar site
Riverland 900 - 1000km In feature area
upstream from
Ramsar site
The coorong, and lakes alexandrina and albert wetland 1000 - 1100km In feature area
upstream from
Ramsar site
Listed Threatened Ecological Communities [ Resource Information ]

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to
produce indicative distribution maps.

Status of Vulnerable, Disallowed and Ineligible are not MNES under the EPBC Act.

Community Name Threatened Category Presence Text Buffer Status
Coolibah - Black Box Woodlands of the  Endangered Community may occurln feature area
Darling Riverine Plains and the Brigalow within area

Belt South Bioregions

Grey Box (Eucalyptus microcarpa) Endangered Community may occurln feature area
Grassy Woodlands and Derived Native within area
Grasslands of South-eastern Australia

Natural grasslands on basalt and fine- Critically Endangered =~ Community likely to  In feature area
textured alluvial plains of northern New occur within area
South Wales and southern Queensland

Poplar Box Grassy Woodland on Alluvial Endangered Community likely to  In feature area

Plains occur within area

Weeping Myall Woodlands Endangered Community may occurln feature area
within area

White Box-Yellow Box-Blakely's Red Critically Endangered =~ Community likely to  In feature area

Gum Grassy Woodland and Derived occur within area

Native Grassland




Listed Threatened Species [ Resource Information ]

Status of Conservation Dependent and Extinct are not MNES under the EPBC Act.
Number is the current name ID.

Scientific Name Threatened Category Presence Text Buffer Status
BIRD

Anthochaera phrygia

Regent Honeyeater [82338] Critically Endangered Foraging, feeding or In feature area

related behaviour may
occur within area

Calidris ferruginea

Curlew Sandpiper [856] Critically Endangered  Species or species In feature area
habitat may occur
within area

Calyptorhynchus lathami lathami

South-eastern Glossy Black-Cockatoo Vulnerable Species or species  In feature area
[67036] habitat likely to occur
within area

Falco hypoleucos

Grey Falcon [929] Vulnerable Species or species  In feature area
habitat likely to occur
within area

Grantiella picta

Painted Honeyeater [470] Vulnerable Species or species  In feature area
habitat likely to occur
within area

Hirundapus caudacutus

White-throated Needletail [682] Vulnerable Species or species  In feature area
habitat likely to occur
within area

Lathamus discolor

Swift Parrot [744] Critically Endangered  Species or species In feature area
habitat may occur
within area

Leipoa ocellata

Malleefowl [934] Vulnerable Species or species  In feature area
habitat may occur
within area

Polytelis swainsonii
Superb Parrot [738] Vulnerable Species or species  In feature area

habitat may occur
within area

Rostratula australis

Australian Painted Snipe [77037] Endangered Species or species  In feature area
habitat likely to occur
within area

MAMMAL



Scientific Name Threatened Category
Chalinolobus dwyeri

Large-eared Pied Bat, Large Pied Bat Vulnerable
[183]

Dasyurus maculatus maculatus (SE mainland population)

Spot-tailed Quoll, Spotted-tail Quoll, Endangered
Tiger Quoll (southeastern mainland
population) [75184]

Nyctophilus corbeni

Corben's Long-eared Bat, South-eastern Vulnerable
Long-eared Bat [83395]

Presence Text Buffer Status

Species or species  In feature area
habitat likely to occur
within area

Species or species  In feature area
habitat may occur
within area

Species or species  In feature area
habitat likely to occur
within area

Phascolarctos cinereus (combined populations of Qld, NSW and the ACT)

Koala (combined populations of Endangered
Queensland, New South Wales and the
Australian Capital Territory) [85104]

Pteropus poliocephalus

Grey-headed Flying-fox [186] Vulnerable
PLANT
Androcalva procumbens

[87153] Vulnerable

Cadellia pentastylis
Ooline [9828] Vulnerable

Dichanthium setosum
bluegrass [14159] Vulnerable

Lepidium aschersonii
Spiny Pepper-cress [10976] Vulnerable

Lepidium monoplocoides
Winged Pepper-cress [9190] Endangered

Swainsona murrayana

Slender Darling-pea, Slender Swainson, Vulnerable
Murray Swainson-pea [6765]

Species or species  In feature area
habitat known to
occur within area

Foraging, feeding or In feature area
related behaviour may
occur within area

Species or species  In feature area
habitat may occur
within area

Species or species  In feature area
habitat likely to occur
within area

Species or species  In feature area
habitat likely to occur
within area

Species or species  In feature area
habitat may occur
within area

Species or species  In feature area
habitat may occur
within area

Species or species  In feature area
habitat likely to occur
within area



Scientific Name Threatened Category Presence Text Buffer Status
Thesium australe

Austral Toadflax, Toadflax [15202] Vulnerable Species or species  In feature area
habitat may occur
within area

Vincetoxicum forsteri listed as Tylophora linearis

[92384] Endangered Species or species  In feature area
habitat likely to occur
within area
REPTILE
Aprasia parapulchella
Pink-tailed Worm-lizard, Pink-tailed Vulnerable Species or species  In feature area
Legless Lizard [1665] habitat may occur
within area

Hemiaspis damelii

Grey Snake [1179] Endangered Species or species  In feature area
habitat may occur
within area

Uvidicolus sphyrurus

Border Thick-tailed Gecko, Granite Belt Vulnerable Species or species  In feature area
Thick-tailed Gecko [84578] habitat may occur

within area
Listed Migratory Species [ Resource Information ]
Scientific Name Threatened Category Presence Text Buffer Status

Migratory Marine Birds

Apus pacificus

Fork-tailed Swift [678] Species or species  In feature area
habitat likely to occur
within area

Migratory Terrestrial Species
Hirundapus caudacutus

White-throated Needletail [682] Vulnerable Species or species  In feature area
habitat likely to occur
within area

Motacilla flava

Yellow Wagtail [644] Species or species  In feature area
habitat may occur
within area

Myiagra cyanoleuca

Satin Flycatcher [612] Species or species  In feature area
habitat may occur
within area

Migratory Wetlands Species
Actitis hypoleucos

Common Sandpiper [59309] Species or species  In feature area
habitat may occur
within area




Scientific Name Threatened Category Presence Text Buffer Status
Calidris acuminata

Sharp-tailed Sandpiper [874] Species or species  In feature area
habitat may occur
within area

Calidris ferruginea

Curlew Sandpiper [856] Critically Endangered  Species or species In feature area
habitat may occur
within area

Calidris melanotos

Pectoral Sandpiper [858] Species or species  In feature area
habitat may occur
within area

Gallinago hardwickii

Latham's Snipe, Japanese Snipe [863] Species or species  In feature area
habitat may occur
within area

Other Matters Protected by the EPBC Act

The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Commonwealth Land Name State Buffer Status
Commonwealth Trading Bank of Australia

Commonwealth Land - Commonwealth Trading Bank of Australia [15451] NSW In buffer area only
Commonwealth Land - Commonwealth Trading Bank of Australia [13300] NSW In buffer area only

Scientific Name Threatened Category  Presence Text Buffer Status
Bird
Actitis hypoleucos
Common Sandpiper [59309] Species or species  In feature area
habitat may occur
within area

Apus pacificus

Fork-tailed Swift [678] Species or species  In feature area
habitat likely to occur
within area overfly
marine area




Scientific Name Threatened Category
Bubulcus ibis as Ardea ibis
Cattle Egret [66521]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris ferruginea
Curlew Sandpiper [856] Critically Endangered

Calidris melanotos
Pectoral Sandpiper [858]

Chalcites osculans as Chrysococcyx osculans
Black-eared Cuckoo [83425]

Gallinago hardwickii
Latham's Snipe, Japanese Snipe [863]

Haliaeetus leucogaster
White-bellied Sea-Eagle [943]

Hirundapus caudacutus
White-throated Needletail [682] Vulnerable

Lathamus discolor
Swift Parrot [744] Critically Endangered

Merops ornatus
Rainbow Bee-eater [670]

Presence Text

Species or species
habitat may occur

within area overfly
marine area

Species or species
habitat may occur
within area

Species or species
habitat may occur

within area overfly
marine area

Species or species
habitat may occur

within area overfly
marine area

Species or species

habitat likely to occur

within area overfly
marine area

Species or species
habitat may occur

within area overfly
marine area

Species or species
habitat may occur
within area

Species or species

habitat likely to occur

within area overfly
marine area

Species or species
habitat may occur

within area overfly
marine area

Species or species
habitat may occur

within area overfly
marine area

Buffer Status

In feature area

In feature area

In feature area

In feature area

In feature area

In feature area

In feature area

In feature area

In feature area

In feature area



Scientific Name Threatened Category Presence Text Buffer Status
Motacilla flava
Yellow Wagtail [644] Species or species  In feature area
habitat may occur
within area overfly
marine area

Myiagra cyanoleuca

Satin Flycatcher [612] Species or species  In feature area
habitat may occur
within area overfly
marine area

Neophema chrysostoma

Blue-winged Parrot [726] Species or species  In feature area
habitat may occur
within area overfly
marine area

Rostratula australis as Rostratula benghalensis (sensu lato)

Australian Painted Snipe [77037] Endangered Species or species  In feature area
habitat likely to occur
within area overfly
marine area

Extra Information

Title of referral Reference  Referral Outcome Assessment Status Buffer Status
Not controlled action

Improving rabbit biocontrol: releasing 2015/7522  Not Controlled Completed In feature area
another strain of RHDV, sthrn two Action

thirds of Australia

SubRegion BioRegion Website Buffer Status

Namoi Northern Inland BA website In feature area
Catchments




Caveat
1 PURPOSE

This report is designed to assist in identifying the location of matters of national environmental significance (MNES) and other matters protected by
the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) which may be relevant in determining obligations and
requirements under the EPBC Act.
The report contains the mapped locations of:

» World and National Heritage properties;

» Wetlands of International and National Importance;

 Commonwealth and State/Territory reserves;

« distribution of listed threatened, migratory and marine species;

* listed threatened ecological communities; and

» other information that may be useful as an indicator of potential habitat value.

2 DISCLAIMER

This report is not intended to be exhaustive and should only be relied upon as a general guide as mapped data is not available for all species or
ecological communities listed under the EPBC Act (see below). Persons seeking to use the information contained in this report to inform the referral
of a proposed action under the EPBC Act should consider the limitations noted below and whether additional information is required to determine the
existence and location of MNES and other protected matters.

Where data are available to inform the mapping of protected species, the presence type (e.g. known, likely or may occur) that can be determined
from the data is indicated in general terms. It is the responsibility of any person using or relying on the information in this report to ensure that it is
suitable for the circumstances of any proposed use. The Commonwealth cannot accept responsibility for the consequences of any use of the report
or any part thereof. To the maximum extent allowed under governing law, the Commonwealth will not be liable for any loss or damage that may be
occasioned directly or indirectly through the use of, or reliance

3 DATA SOURCES

Threatened ecological communities

For threatened ecological communities where the distribution is well known, maps are generated based on information contained in recovery plans,
State vegetation maps and remote sensing imagery and other sources. Where threatened ecological community distributions are less well known,
existing vegetation maps and point location data are used to produce indicative distribution maps.

Threatened, migratory and marine species

Threatened, migratory and marine species distributions have been discerned through a variety of methods. Where distributions are well known and
if time permits, distributions are inferred from either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc.) together with
point locations and described habitat; or modelled (MAXENT or BIOCLIM habitat modelling) using

Where little information is available for a species or large number of maps are required in a short time-frame, maps are derived either from 0.04 or
0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull); or
captured manually or by using topographic features (national park boundaries, islands, etc.).

In the early stages of the distribution mapping process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to
rapidly create distribution maps. More detailed distribution mapping methods are used to update these distributions

4 LIMITATIONS

The following species and ecological communities have not been mapped and do not appear in this report:
* threatened species listed as extinct or considered vagrants;
» some recently listed species and ecological communities;
» some listed migratory and listed marine species, which are not listed as threatened species; and
* migratory species that are very widespread, vagrant, or only occur in Australia in small numbers.

The following groups have been mapped, but may not cover the complete distribution of the species:
» listed migratory and/or listed marine seabirds, which are not listed as threatened, have only been mapped for recorded
* seals which have only been mapped for breeding sites near the Australian continent

The breeding sites may be important for the protection of the Commonwealth Marine environment.

Refer to the metadata for the feature group (using the Resource Information link) for the currency of the information.
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Laboratory analytical results



CERTIFICATE OF ANALYSIS

Work Order :EB1122381 Page :10f9
Client : SANTOS LTD Laboratory : Environmental Division Brisbane
Contact d Contact :
Address - GPO BOX 1010 Address : 32 Shand Street Stafford QLD Australia 4053
LEVEL 22, 32 TURBOT STREET
BRISBANE QLD, AUSTRALIA 4001
Telephone : _ Telephone
Facsimile * m— Facsimile .
Project - 117626001 QC Level : NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Order number : 879002-405
C-O-C number f— Date Samples Received : 26-OCT-2011
Sampler ;_ Issue Date : 02-NOV-2011
Site : Gunnedah
No. of samples received -1
Quote number - BN/107/11 V3 No. of samples analysed -1

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for
release.

This Certificate of Analysis contains the following information:
® General Comments
® Analytical Results
® Surrogate Control Limits

NATA Accredited Laboratory 825 Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been

carried out in compliance with procedures specified in 21 CFR Part 11.
accordance with NATA Signatories Position
accreditation requirements.

This document is issued in

Accreditation Category

Jonathon Angell Inorganic Coordinator Brisbane Inorganics
Accredited for compliance with Kim McCabe Senior Inorganic Chemist Brisbane External Subcontracting
ISO/IEC 17025. Kim McCabe Senior Inorganic Chemist Brisbane Inorganics
Luke Evans Microbiologist Brisbane Microbiological
Matt Frost Senior Organic Chemist Brisbane Organics
Pabi Subba Senior Organic Chemist Sydney Organics

Scott Beddoes Trace Water Section Supervisor WB Water Lab Brisbane



nuironmenta wision risbane

32 Shand Street Stafford QLD Australia 4053
Tel. +61-7-3243 7222 Fax. +61-7-3243 7218 www.alsglobal.com
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Work Order - EB1122381
Client . SANTOS LTD
Project - 117626001

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® Field Observations and Measurements submitted to the laboratory by external samplers and appearing in this report are not covered by ALS' NATA Accreditation.

Microbiological Comment: Samples for microbiological testing were received at the laboratory outside of the recommended 24 hour holding period. It may be informative to record this
fact.
® MWO002 is ALS's internal code and is equivalent to AS4276.3.1.

® Standard anions by IC (ED009-X): LOR for Bromide on sample GUN_K2_BORE_W (EB1122381001) raised due to matrix interference.
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Work Order - EB1122381
Client - SANTOS LTD
Project - 117626001
Analytical Results

Sub-Matrix: WATER

Client sample ID
Client sampling date / time

GUN_K2_BORE_W

24-0OCT-2011 13:30

Compound CAS Number ‘ LOR ‘ Unit EB1122381-001 - e === -
pH Value —-| 001 | pHUnit | 8.11 — —
Electrical Conductivity @ 25°C 1| wSkm | 6080
Total Dissolved Solids @180°C GIS-210-010 ‘ 5 ‘ mg/L | 4040 — —
Total Hardness as CaCO3 — 1 ‘ mg/L | 19 — J— - -
Residual Alkali —-| 001 | meql | 6.11
Free Carbon Dioxide as CO2 85540-96-1 1 mg/L 2 — —
Total Carbon Dioxide as CO2 85540-96-1 1 mg/L 201 - —
Bromide 24959-67-9 | 0.010 mg/L <0.200 —— —
Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 — — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 ——- j—
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 3360 — —
Total Alkalinity as CaCO3 —— 1 mg/L 3360 - — —- —
Sulfate as SO4 2- 14808798 1 | mglL | 4
Chloride 16887-00-6 | 1 | mgL | 209
Calcium 7440-70-2 1 mg/L 6 — j—
Magnesium 7439-95-4 1 mg/L 1 ——- —-
Sodium 7440-23-5 1 mg/L 1600
Potassium 7440-09-7 1 mg/L 35
Aluminium 7429-90-5 0.01 mg/L <0.01 — J—
Arsenic 7440-38-2 | 0.001 mg/L <0.001 — —
Beryllium 7440-41-7 | 0.001 mg/L <0.001
Barium 7440-39-3 | 0.001 mg/L 1.65
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 — —
Chromium 7440-47-3 | 0.001 mg/L <0.001 — j—
Cobalt 7440-48-4 | 0.001 mg/L <0.001 — j—




Page :50f9

Work Order - EB1122381
Client . SANTOS LTD
Project - 117626001
Analytical Results

Sub-Matrix: WATER

Client sampling date / time

Client sample ID

GUN_K2_BORE_W
24-0CT-2011 13:30

Compound CAS Number | LOR Unit EB1122381-001 - - — —
Copper 7440-50-8 | 0.001 mg/L <0.001
Lead 7439-92-1 | 0.001 mg/L <0.001
Lithium 7439-93-2 0.001 mg/L 0.514 —
Manganese 7439-96-5 0.001 mg/L 0.014 J—
Molybdenum 7439-98-7 = 0.001 mg/L <0.001 —
Nickel 7440-02-0 | 0.001 mg/L <0.001 —
Selenium 7782-49-2 0.01 mg/L <0.01 —
Strontium 7440-24-6 = 0.001 mg/L 0.968 —
Tin 7440-31-5| 0.001 mg/L <0.001 —
Uranium 7440-61-1 | 0.001 mg/L <0.001 —-
Vanadium 7440-62-2 0.01 mg/L 0.01 —
Zinc 7440-66-6 = 0.005 mg/L <0.005
Boron 7440-42-8 0.05 mg/L <0.05 —
Iron 7439-89-6 0.05 mg/L 0.13 —
Aluminium 7429-90-5 0.01 mg/L <0.01 —
Arsenic 7440-38-2 ' 0.001 mg/L <0.001 —
Beryllium 7440-41-7 | 0.001 mg/L <0.001 —
Barium 7440-39-3 | 0.001 mg/L 2.05 J—
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 —
Chromium 7440-47-3 0.001 mg/L <0.001 —-
Cobalt 7440-48-4 = 0.001 mg/L <0.001
Copper 7440-50-8 | 0.001 mg/L 0.002
Lead 7439-92-1 | 0.001 mg/L <0.001 —
Lithium 7439-93-2 0.001 mg/L 0.740 —
Manganese 7439-96-5 | 0.001 mg/L 0.021 —
Molybdenum 7439-98-7 = 0.001 mg/L <0.001
Nickel 7440-02-0 = 0.001 mg/L <0.001 —
Selenium 7782-49-2 0.01 mg/L <0.01 —
Strontium 7440-24-6 = 0.001 mg/L 1.20 —-
Tin 7440-31-5 | 0.001 mg/L <0.001
Uranium 7440-61-1 | 0.001 mg/L <0.001 ——
Vanadium 7440-62-2 0.01 mg/L <0.01 — —— —- —-
Zinc 7440-66-6 | 0.005 mg/L 0.008
Boron 7440-42-8 0.05 mg/L 0.06 —
Iron 7439-89-6 0.05 mg/L 1.44
Mercury 7439-97-6 = 0.0001 mg/L <0.0001 —
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Work Order - EB1122381
Client . SANTOS LTD
Project - 117626001

Analytical Results

Sub-Matrix: WATER

Client sampling date / time

Client sample ID

GUN_K2_BORE_W

24-0OCT-2011 13:30

Compound CAS Number | LOR | Uit EB1122381-001
Mercury 7439-97-6 00001 |  mglL | <0.0001 -
silica 7631869 01 |  mglL | 145 -
Chlorine - Free | 02 ‘ mg/L I <0.2 - .
Fluoride 16984-488 01 | mglL | 2.1 ,
Ammonia as N 7664-41-7 0.01 ‘ mg/L | 1.52 - -
Nitrite as N ~| 001 | mgL | <0.01 .
Nitrate as N 14797558 001 | mglL | 0.02 -
Nitrite + Nitrate as N - | 0.01 ‘ mg/L | 0.02 - —
Total Kjeldahl Nitrogen as N - 01 | mgL | 3.2 .
" Total Nitrogen as N | 01 ‘ mg/L I 3.2 - o
Total Phosphorus as P -- 0.01 ‘ mg/L | 0.06 - -
Reactive Phosphorus as P --| 0.01 ‘ mg/L | 0.02 - —
Unionized Hydrogen Sulfide | o1 | mg/L | <0.1 , —
Sulfide as S2- 18496258 01 | mglL | <0.1 ,
Total Anions - | 0.01 meq/L 731 - —
Total Cations -- 0.01 meq/L 70.9 - -
lonic Balance - 0.01 % 1.62 - —
Electrical Conductivity (Non -- 1 uS/cm 6090 - -
Compensated)
pH - 0.01 pH Unit 7.96 - -
Redox Potential - 0.1 mV -46 - —




Page
Work Order
Client
Project

Analytical Results

Sub-Matrix: WATER

Client sample ID

Client sampling date / time

GUN_K2_BORE_W
24-0CT-2011 13:30

Compound CAS Number LOR Unit EB1122381-001 b - - -
Temperature — 0.1 °C 28.1 J— —- — e
Field Dissolved Oxygen - 0.1 mg/L 1.68 - — J— —-
Dissolved Organic Carbon — 1 mg/L <1 — — —- —
Total Organic Carbon —— 1 mg/L 47 — — —- —
Methane 74-82-8 10 yg/L 5120
Ethene 74-85-1 10 ug/L <10 —
Ethane 74-84-0 10 ug/L <10 -
Propene 115-07-1 10 ug/L <10 —
Propane 74-98-6 10 ug/L <10 —-
Butene 25167-67-3 10 ug/L <10
Butane 106-97-8 10 ug/L <10
Naphthalene 91-20-3 1.0 ug/L <1.0 —
Acenaphthylene 208-96-8 1.0 ug/L <1.0 —
Acenaphthene 83-32-9 1.0 yg/L <1.0 —
Fluorene 86-73-7 1.0 yg/L <1.0 —
Phenanthrene 85-01-8 1.0 ug/L <1.0 —
Anthracene 120-12-7 1.0 ug/L <1.0 —
Fluoranthene 206-44-0 1.0 ug/L <1.0 —
Pyrene 129-00-0 1.0 ug/L <1.0 —
Benz(a)anthracene 56-55-3 1.0 ug/L <1.0 —
Chrysene 218-01-9 1.0 ug/L <1.0
Benzo(b)fluoranthene 205-99-2 1.0 ug/L <1.0 —-
Benzo(k)fluoranthene 207-08-9 1.0 ug/L <1.0 —
Benzo(a)pyrene 50-32-8 0.5 yg/L <0.5 —-
Indeno(1.2.3.cd)pyrene 193-39-5 1.0 ug/L <1.0 —
Dibenz(a.h)anthracene 53-70-3 1.0 ug/L <1.0 — —- — -
Benzo(g.h.i)perylene 191-24-2 1.0 ug/L <1.0 —

* Sum of polycyclic aromatic hydrocarbons — | 05 pg/L <0.5 — — — —
C6 - C9 Fraction — 20 ug/L <20 — J— - -
C10 - C14 Fraction — 50 ug/L <50 — — —- —
C15 - C28 Fraction — 100 ug/L <100 — j— - -
C29 - C36 Fraction —— 50 pg/L <50 J— — — .
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Analytical Results

Sub-Matrix: WATER

Client sampling date / time

Client sample ID

GUN_K2_BORE_W
24-0CT-2011 13:30

Compound CAS Number | LOR Unit EB1122381-001 - menn - -

{* €10 - C36 Fraction (sum) — 50 pg/L <50 — — — —
C6 - C10 Fraction -—— 20 ug/L <20 j— — - -

[ C6-C10 Fraction minus BTEX (F1) - 20 ug/L <20 — — — —
>C10 - C16 Fraction J— 100 pg/L <100 — — — —
>C16 - C34 Fraction —— 100 ug/L <100 - — — -
>C34 - C40 Fraction - 100 ug/L <100 ——- —- — -

{* >C10 - C40 Fraction (sum) -~ 100 pg/L <100
Benzene 71-43-2 1 ug/L <1 J—
Toluene 108-88-3 2 ug/L <2 —
Ethylbenzene 100-41-4 2 ug/L <2 —- —- — —
meta- & para-Xylene 108-38-3 106-42-3 2 pg/L <2
ortho-Xylene 95-47-6 2 pg/L <2 —

™ Total Xylenes 1330-20-7 2 ug/L <2 —
' Sum of BTEX 1 pg/L <1
Ethanol 64-17-5 50 ug/L <50 —
Heterotrophic Plate Count (22°C) -— 1 CFU/mL 2500 j—
Heterotrophic Plate Count (36°C) — 1 CFU/mL 3200 — j— - -
Santos Suite — - -- Sutie C,B and X ——- —— — ——
Phenol-d6 13127-88-3 0.1 % 24.2
2-Chlorophenol-D4 93951-73-6 0.1 % 58.4 -
2.4.6-Tribromophenol 118-79-6 0.1 % 59.0 — — — i
2-Fluorobiphenyl 321-60-8 0.1 % 69.4 —
Anthracene-d10 1719-06-8 0.1 % 87.4
4-Terphenyl-d14 1718-51-0 0.1 % 75.8 —
1.2-Dichloroethane-D4 17060-07-0 0.1 % 106 —
Toluene-D8 2037-26-5 0.1 % 102
4-Bromofluorobenzene 460-00-4 0.1 % 101 — — — —
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Surrogate Control Limits

Sub-Matrix: WATER

Recovery Limits (%)

Compound CAS Number Low High

Phenol-d6 13127-88-3 10.0 64.1

2-Chlorophenol-D4 93951-73-6 11.3 122.9
2.4.6-Tribromophenol 118-79-6 11.7 144.0
2-Fluorobiphenyl 321-60-8 19.9 122.8
Anthracene-d10 1719-06-8 23.3 125.8
4-Terphenyl-d14 1718-51-0 20.3 134.5
1.2-Dichloroethane-D4 17060-07-0 66.1 137.9
Toluene-D8 2037-26-5 79.2 119.6
4-Bromofluorobenzene 460-00-4 74.2 118.0




QUALITY CONTROL REPORT

Work Order :EB1122381 Page :10f 16
Client : SANTOS LTD Laboratory : Environmental Division Brisbane
Contact d Contact s
Address : GPO BOX 1010 Address : 32 Shand Street Stafford QLD Australia 4053
LEVEL 22, 32 TURBOT STREET
BRISBANE QLD, AUSTRALIA 4001
Telephone . _ Telephone . _
Facsimile P Facsimile ;_
Project - 117626001 QC Level : NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Site : Gunnedah
C-O-C number Y m——— Date Samples Received : 26-0OCT-2011
Sampler ;_ Issue Date - 02-NOV-2011
Order number : 879002-405
No. of samples received -1
Quote number : BN/107/11 V3 No. of samples analysed -1

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for
release.
This Quality Control Report contains the following information:

® Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

® Method Blank (MB) and Laboratory Control Spike (LCS) Report; Recovery and Acceptance Limits

® Matrix Spike (MS) Report; Recovery and Acceptance Limits

NATA Accredited Laboratory 825 Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been
This document is issued in carried out in compliance with procedures specified in 21 CFR Part 11.
accordance with NATA Signatories Position Accreditation Category
accreditation requirements. Jonathon Angell Inorganic Coordinator Brisbane Inorganics
. ) . Kim McCabe Senior Inorganic Chemist Brisbane External Subcontracting
Accredited for compliance with . . . . . .
ISO/IEC 17025. Kim McCabe Senior Inorganic Chemist Brisbane Inorganics
Luke Evans Microbiologist Brisbane Microbiological
Matt Frost Senior Organic Chemist Brisbane Organics
FPapr ouapod Senfor-OrgantcChermist Sydrey Organics

Scott Beddoes Trace Water Section Supervisor WB Water Lab Brisbane
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.
Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Key : Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot
CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
RPD = Relative Percentage Difference
# = Indicates failed QC




Page : 30f 16

Work Order - EB1122381
Client - SANTOS LTD
Project - 117626001

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges
for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI-EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR:-
No Limit; Result between 10 and 20 times LOR:- 0% - 50%; Result > 20 times LOR:- 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122059-003 Anonymous EA005-P: pH Value 0.01 pH Unit 9.95 9.95 0.0 0% - 20%
EB1122407-001 Anonymous EA005-P: pH Value — 001 pH Unit 7.38 7.26 1.6 0% - 20%
EB1121992-001 Anonymous EA010-P: Electrical Conductivity @ 25°C 1 pS/cm 1580 1580 0.1 0% - 20%
EB1122057-002 Anonymous EA010-P: Electrical Conductivity @ 25°C 1 uS/cm 2740 2750 0.4 0% - 20%
EB1122290-001 Anonymous EA015H: Total Dissolved Solids @180°C GIS-210-010 5 mg/L 7290 7430 1.9 0% - 20%
EB1122342-002 Anonymous EAO015H: Total Dissolved Solids @180°C GIS-210-010 5 mg/L 7070 7050 0.3 0% - 20%
EB1121924-001 Anonymous EDO009-X: Bromide 24959-67-9 0.010 mg/L 0.605 0.600 0.8 0% - 20%
EB1122467-003 Anonymous EDO009-X: Bromide 24959-67-9 0.010 mg/L <0.100 <0.100 0.0 No Limit
EB1121992-001 Anonymous EDO037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No Limit
EDO037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit
EDO037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 664 666 0.2 0% - 20%
EDO37-P: Total Alkalinity as CaCO3 1 mg/L 664 666 0.2 0% - 20%
EB1122057-002 Anonymous ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No Limit
EDO037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit
EDO037-P: Bicarbonate Alkalinity as CaCO3 71-562-3 1 mg/L 202 202 0.0 0% - 20%
EDO037-P: Total Alkalinity as CaCO3 1 mg/L 202 202 0.0 0% - 20%
EB1122381-001 GUN_K2_BORE_W EDO40F: Sulfate as SO4 2- 14808-79-8 1 mg/L 4 4 0.0 No Limit
EB1122395-007 Anonymous EDO40F: Sulfate as SO4 2- 14808-79-8 1 mg/L 12 12 0.0 0% - 50%
EB1122381-001 GUN_K2_BORE_W EDO045G: Chloride 16887-00-6 1 mg/L 209 209 0.0 0% - 20%
EB1122395-007 Anonymous EDO045G: Chloride 16887-00-6 1 mg/L 145 145 0.0 0% - 20%
EB1122381-001 GUN_K2_BORE_W EDO093F: Calcium 7440-70-2 1 mg/L 6 6 0.0 No Limit
EDO093F: Magnesium 7439-95-4 1 mg/L 1 1 0.0 No Limit
EDO093F: Sodium 7440-23-5 1 mg/L 1460 1440 1.7 0% - 20%
EDO093F: Potassium 7440-09-7 1 mg/L 35 35 0.0 0% - 20%
EB1122395-007 Anonymous EDO093F: Calcium 7440-70-2 1 mg/L 39 39 0.0 0% - 20%
ED093F: Magnesium 7439-95-4 1 mg/L 27 27 0.0 0% - 20%
EDO093F: Sodium 7440-23-5 1 mg/L 64 64 0.0 0% - 20%
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound. CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122395-007 Anonymous EDO093F: Potassium 7440-09-7 1 mg/L 2 2 0.0 No Limit
EB1122262-015 Anonymous EGO020A-F: Cadmium 7440-43-9, 0.0001 mg/L 0.0011 0.0011 0.0 0% - 50%
EGO020A-F: Arsenic 7440-38-2 0.001 mg/L 0.002 0.002 0.0 No Limit
EGO020A-F: Beryllium 7440-41-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Barium 7440-39-3 0.001 mg/L 0.013 0.013 0.0 0% - 50%
EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Cobalt 7440-48-4 0.001 mg/L 0.008 0.008 0.0 No Limit
EGO020A-F: Copper 7440-50-8 0.001 mg/L 0.001 <0.001 0.0 No Limit
EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Lithium 7439-93-2 0.001 mg/L 0.002 0.002 0.0 No Limit
EG020A-F: Manganese 7439-96-5 0.001 mg/L 2.36 2.35 0.4 0% - 20%
EGO020A-F: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Nickel 7440-02-0 0.001 mg/L 0.008 0.008 0.0 No Limit
EGO020A-F: Tin 7440-31-5 0.001 mg/L <0.001 <0.001 0.0 No Limit
EG020A-F: Zinc 7440-66-6 0.005 mg/L 0.021 0.021 0.0 No Limit
EGO020A-F: Aluminium 7429-90-5 0.01 mg/L 0.04 0.04 0.0 No Limit
EGO020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-F: Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-F: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.0 No Limit
EGO020A-F: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit
EB1122262-025 Anonymous EGO020A-F: Cadmium 7440-43-9| 0.0001 mg/L 0.0018 0.0019 0.0 0% - 50%
EGO020A-F: Arsenic 7440-38-2 0.001 mg/L 0.002 0.002 0.0 No Limit
EGO020A-F: Beryllium 7440-41-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Barium 7440-39-3 0.001 mg/L 0.018 0.018 0.0 0% - 50%
EGO020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Cobalt 7440-48-4 0.001 mg/L 0.015 0.016 0.0 0% - 50%
EGO020A-F: Copper 7440-50-8 0.001 mg/L 0.005 0.005 0.0 No Limit
EGO020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Lithium 7439-93-2 0.001 mg/L 0.004 0.004 0.0 No Limit
EGO020A-F: Manganese 7439-96-5 0.001 mg/L 2.79 2.81 0.9 0% - 20%
EGO020A-F: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Nickel 7440-02-0 0.001 mg/L 0.016 0.016 0.0 0% - 50%
EGO020A-F: Tin 7440-31-5 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-F: Zinc 7440-66-6 0.005 mg/L 0.072 0.075 4.1 0% - 50%
EGO020A-F: Aluminium 7429-90-5 0.01 mg/L 0.03 0.02 0.0 No Limit
EGO020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-F: Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-F: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.0 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound. CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122262-025 Anonymous EGO020A-F: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit
EB1122262-015 Anonymous EGO020B-F: Strontium 7440-24-6 0.001 mg/L 0.200 0.201 0.6 0% - 20%
EGO020B-F: Uranium 7440-61-1 0.001 mg/L <0.001 <0.001 0.0 No Limit
EB1122262-025 Anonymous EGO020B-F: Strontium 7440-24-6 0.001 mg/L 0.167 0.177 6.0 0% - 20%
EGO020B-F: Uranium 7440-61-1 0.001 mg/L <0.001 <0.001 0.0 No Limit
EB1122262-016 Anonymous EGO020A-T: Cadmium 7440-43-9 0.0001 mg/L 0.0020 0.0019 0.0 0% - 50%
EGO020A-T: Arsenic 7440-38-2 0.001 mg/L 0.014 0.015 0.0 0% - 50%
EGO020A-T: Beryllium 7440-41-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-T: Barium 7440-39-3 0.001 mg/L 0.037 0.038 0.0 0% - 20%
EGO020A-T: Chromium 7440-47-3 0.001 mg/L 0.005 0.004 0.0 No Limit
EGO020A-T: Cobalt 7440-48-4 0.001 mg/L 0.020 0.020 0.0 0% - 20%
EGO020A-T: Copper 7440-50-8 0.001 mg/L 0.021 0.021 0.0 0% - 20%
EGO020A-T: Lead 7439-92-1 0.001 mg/L 0.014 0.012 11.8 0% - 50%
EGO20A-T: Lithium 7439-93-2 0.001 mg/L 0.006 0.006 0.0 No Limit
EGO020A-T: Manganese 7439-96-5 0.001 mg/L 2.46 2.43 1.4 0% - 20%
EGO020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-T: Nickel 7440-02-0 0.001 mg/L 0.020 0.020 0.0 0% - 20%
EGO020A-T: Tin 7440-31-5 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-T: Zinc 7440-66-6 0.005 mg/L 0.325 0.325 0.0 0% - 20%
EGO020A-T: Aluminium 7429-90-5 0.01 mg/L 5.41 5.38 0.7 0% - 20%
EGO020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-T: Vanadium 7440-62-2 0.01 mg/L 0.02 0.01 0.0 No Limit
EGO020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.0 No Limit
EGO020A-T: Iron 7439-89-6 0.05 mg/L 6.40 6.13 4.3 0% - 20%
EB1122262-031 Anonymous EGO020A-T: Cadmium 7440-43-9| 0.0001 mg/L 0.0386 0.0398 3.0 0% - 20%
EGO020A-T: Arsenic 7440-38-2 0.001 mg/L 0.007 0.007 0.0 No Limit
EGO020A-T: Beryllium 7440-41-7 0.001 mg/L 0.004 0.004 0.0 No Limit
EGO020A-T: Barium 7440-39-3 0.001 mg/L 0.032 0.032 0.0 0% - 20%
EGO020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 0.001 0.0 No Limit
EGO020A-T: Cobalt 7440-48-4 0.001 mg/L 0.454 0.441 2.7 0% - 20%
EGO20A-T: Copper 7440-50-8 0.001 mg/L 0.177 0.174 1.8 0% - 20%
EG020A-T: Lead 7439-92-1 0.001 mg/L 0.022 0.023 0.0 0% - 20%
EGO020A-T: Lithium 7439-93-2 0.001 mg/L 0.045 0.046 0.0 0% - 20%
EG020A-T: Manganese 7439-96-5 0.001 mg/L 39.5 39.7 0.4 0% - 20%
EGO020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.0 No Limit
EGO020A-T: Nickel 7440-02-0 0.001 mg/L 0.355 0.345 2.8 0% - 20%
EGO020A-T: Tin 7440-31-5 0.001 mg/L <0.001 <0.001 0.0 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound. CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122262-031 Anonymous EGO020A-T: Zinc 7440-66-6 0.005 mg/L 5.42 5.34 1.6 0% - 20%
EGO020A-T: Aluminium 7429-90-5 0.01 mg/L 6.56 6.54 0.2 0% - 20%
EGO020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EG020A-T: Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 0.0 No Limit
EGO020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.0 No Limit
EGO020A-T: Iron 7439-89-6 0.05 mg/L 15.9 15.5 29 0% - 20%
EB1122262-016 Anonymous EGO020B-T: Strontium 7440-24-6 0.001 mg/L 0.135 0.135 0.0 0% - 20%
EGO020B-T: Uranium 7440-61-1 0.001 mg/L <0.001 <0.001 0.0 No Limit
EB1122262-031 Anonymous EGO020B-T: Strontium 7440-24-6 0.001 mg/L 1.52 1.56 2.8 0% - 20%
EGO020B-T: Uranium 7440-61-1 0.001 mg/L 0.002 0.002 0.0 No Limit
EB1122262-016 Anonymous EGO35F: Mercury 7439-97-6, 0.0001 mg/L <0.0001 <0.0001 0.0 No Limit
EB1122326-001 Anonymous EGO035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No Limit
EB1122535-001 Anonymous EGO35T: Mercury 7439-97-6, 0.0001 mg/L <0.0001 <0.0001 0.0 No Limit
EB1122407-001 Anonymous EKO040P: Fluoride 16984-48-8 0.1 mg/L <0.1 <0.1 0.0 No Limit
EB1122381-001 GUN_K2_BORE_W EK055G: Ammonia as N 7664-41-7 0.01 mg/L 1.52 1.47 3.3 0% - 20%
EB1122388-010 Anonymous EK055G: Ammonia as N 7664-41-7 0.01 mg/L <0.01 <0.01 0.0 No Limit
EB1122381-001 GUN_K2_BORE_W EK057G: Nitrite as N 0.01 mg/L <0.01 <0.01 0.0 No Limit
EB1122395-007 Anonymous EKO057G: Nitrite as N - 0.01 mg/L <0.01 <0.01 0.0 No Limit
EB1122381-001 GUN_K2_BORE_W EK059G: Nitrite + Nitrate as N 0.01 mg/L 0.02 0.02 0.0 No Limit
EB1122388-010 Anonymous EKO059G: Nitrite + Nitrate as N - 0.01 mg/L 0.01 0.01 0.0 No Limit
EB1122304-001 Anonymous EKO061G: Total Kjeldahl Nitrogen as N 0.1 mg/L 0.5 0.5 0.0 No Limit
EB1122304-001 Anonymous EKO067G: Total Phosphorus as P === 0.01 mg/L 0.04 0.02 46.8 No Limit
EB1122333-001 Anonymous EKO067G: Total Phosphorus as P ——- 0.01 mg/L 0.03 0.03 0.0 No Limit
EB1122381-001 GUN_KZ_BORE_W EKO071G: Reactive Phosphorus as P === 0.01 mg/L 0.02 0.02 0.0 No Limit
EB1122395-007 Anonymous EKO071G: Reactive Phosphorus as P ——- 0.01 mg/L <0.01 <0.01 0.0 No Limit
EB1122277-004 Anonymous EKO085: Sulfide as S2- 18496-25-8 0.1 mg/L <0.1 <0.1 0.0 No Limit
EB1122637-005 Anonymous EKO085: Sulfide as S2- 18496-25-8 0.1 mg/L <0.1 <0.1 0.0 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound. CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122342-001 Anonymous EP002: Dissolved Organic Carbon === 1 mg/L 588 596 1.2 0% - 20%
EB1122342-005 Anonymous EP005: Total Organic Carbon 1 mg/L 26 25 6.7 0% - 20%
EM1112093-001 Anonymous EP033: Methane 74-82-8 10 ug/L <10 <10 0.0 No Limit
EPO033: Ethene 74-85-1 10 pg/L <10 <10 0.0 No Limit
EP033: Ethane 74-84-0 10 ug/L <10 <10 0.0 No Limit
EP033: Propene 115-07-1 10 ug/L <10 <10 0.0 No Limit
EP033: Propane 74-98-6 10 pg/L <10 <10 0.0 No Limit
EP033: Butene 25167-67-3 10 ug/L <10 <10 0.0 No Limit
EP033: Butane 106-97-8 10 ug/L <10 <10 0.0 No Limit
EM1112020-001 Anonymous EP033: Methane 74-82-8 10 ug/L 10 10 0.0 No Limit
EP033: Ethene 74-85-1 10 ug/L <10 <10 0.0 No Limit
EPO033: Ethane 74-84-0 10 ug/L <10 <10 0.0 No Limit
EPO033: Propene 115-07-1 10 ug/L <10 <10 0.0 No Limit
EP033: Propane 74-98-6 10 ug/L <10 <10 0.0 No Limit
EP033: Butene 25167-67-3 10 ug/L <10 <10 0.0 No Limit
EP033: Butane 106-97-8 10 ug/L <10 <10 0.0 No Limit
EB1122381-001 GUN_K2_BORE_W EP075(SIM): Benzo(a)pyrene 50-32-8 0.5 ug/L <0.5 <0.5 0.0 No Limit
EPO075(SIM): Naphthalene 91-20-3 1.0 ug/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Acenaphthylene 208-96-8 1.0 ug/L <1.0 <1.0 0.0 No Limit
EPO075(SIM): Acenaphthene 83-32-9 1.0 ug/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Fluorene 86-73-7 1.0 Hg/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Phenanthrene 85-01-8 1.0 ug/L <1.0 <1.0 0.0 No Limit
EPO075(SIM): Anthracene 120-12-7 1.0 ug/L <1.0 <1.0 0.0 No Limit
EPO75(SIM): Fluoranthene 206-44-0 1.0 Hg/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Pyrene 129-00-0 1.0 ug/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Benz(a)anthracene 56-55-3 1.0 pg/L <1.0 <1.0 0.0 No Limit
EPO075(SIM): Chrysene 218-01-9 1.0 ug/L <1.0 <1.0 0.0 No Limit
EPO075(SIM): Benzo(b)fluoranthene 205-99-2 1.0 Hg/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Benzo(k)fluoranthene 207-08-9 1.0 pg/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Indeno(1.2.3.cd)pyrene 193-39-5 1.0 pg/L <1.0 <1.0 0.0 No Limit
EP075(SIM): Dibenz(a.h)anthracene 53-70-3 1.0 Mg/l <1.0 <1.0 0.0 No Limit
EP075(SIM): Benzo(g.h.i)perylene 191-24-2 1.0 pg/L <1.0 <1.0 0.0 No Limit
EB1122379-001 Anonymous EPO080: C6 - C9 Fraction - 20 ug/L 60 100 50.8 No Limit
EB1122376-002 Anonymous EP080: C6 - C9 Fraction 20 pg/L <20 <20 0.0 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report
Laboratory sample ID Client sample ID Method: Compound. CAS Number LOR Unit Original Result Duplicate Result RPD (%) Recovery Limits (%)
EB1122381-001 GUN_K2_BORE_W EPO071: C15 - C28 Fraction 100 pg/L <100 <100 0.0 No Limit
EPO071: C10 - C14 Fraction 50 Hg/L <50 <50 0.0 No Limit
EP071: C29 - C36 Fraction 50 ug/L <50 <50 0.0 No Limit
EB1122379-001 Anonymous EP080: C6 - C10 Fraction 20 pg/L 50 80 34.7 No Limit
EP080: C6 - C10 Fraction minus BTEX (F1) - 20 Mg/l 50 80 46.2 No Limit
EB1122376-002 Anonymous EP080: C6 - C10 Fraction 20 pg/L <20 <20 0.0 No Limit
EP080: C6 - C10 Fraction minus BTEX (F1) - 20 pg/L <20 <20 0.0 No Limit
EB1122381-001 GUN_K2_BORE_W EP071: >C10 - C16 Fraction 100 pg/L <100 <100 0.0 No Limit
EPOQ71: >C16 - C34 Fraction 100 ug/L <100 <100 0.0 No Limit
EPOQ71: >C34 - C40 Fraction 100 pg/L <100 <100 0.0 No Limit
EB1122379-001 Anonymous EPO080: Benzene 71-43-2 1 ug/L <1 <1 0.0 No Limit
EPO080: Sum of BTEX - 1 pg/L <1 <1 0.0 No Limit
EP080: Toluene 108-88-3 2 ug/L <2 <2 0.0 No Limit
EP080: Ethylbenzene 100-41-4 2 ug/L <2 <2 0.0 No Limit
EP080: meta- & para-Xylene 108-38-3 2 pg/L <2 <2 0.0 No Limit
106-42-3
EP080: ortho-Xylene 95-47-6 2 pg/L <2 <2 0.0 No Limit
EPO080: Total Xylenes 1330-20-7 2 ug/L <2 <2 0.0 No Limit
EB1122376-002 Anonymous EP080: Benzene 71-43-2 1 ug/L <1 <1 0.0 No Limit
EP080: Sum of BTEX - 1 ug/L <1 <1 0.0 No Limit
EP080: Toluene 108-88-3 2 pg/L <2 <2 0.0 No Limit
EP080: Ethylbenzene 100-41-4 2 ug/L <2 <2 0.0 No Limit
EP080: meta- & para-Xylene 108-38-3 2 ug/L <2 <2 0.0 No Limit
106-42-3
EP080: ortho-Xylene 95-47-6 2 ug/L <2 <2 0.0 No Limit
EP080: Total Xylenes 1330-20-7 2 ug/L <2 <2 0.0 No Limit
EB1122408-001 Anonymous EP117: Ethanol 64-17-5 50 ug/L 2810 2900 3.0 0% - 20%
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC
parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target
analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) Laboratory Control Spike (LCS) Report
Report Spike Spike Recovery (%) Recovery Limits (%)

Method: Compound CAS Number LOR Unit Result Concentration LCS Low High
EA005-P: pH Value - 0.01 pH Unit - 7 pH Unit 100 98 102
EA010-P: Electrical Conductivity @ 25°C - 1 pS/cm <1 4000 uS/cm 102 93 107
EA015H: Total Dissolved Solids @180°C GIS-210-010 5 mg/L <5 2000 mg/L 97.0 80 120
EDO009-X: Bromide 24959-67-9 0.01 mg/L <0.010 0.5 mg/L 99.0 71 119
EDO037-P: Total Alkalinity as CaCO3 - 1 mg/L ---- 200 mg/L 106 88 112
EDO40F: Sulfate as SO4 2- 14808-79-8 1 mg/L <1 - — — —
ED045G: Chloride 16887-00-6 1 mg/L <1 1000 mg/L 96.7 70 128
EDO093F: Calcium 7440-70-2 1 mg/L <1 j— — - -
EDO093F: Magnesium 7439-95-4 1 mg/L <1 j— — - -
EDO093F: Sodium 7440-23-5 1 mg/L <1 j— — — -
EDO93F: Potassium 7440-09-7 1 mg/L <1 J— — - —
EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 0.500 mg/L 96.0 81 125
EGO020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 0.100 mg/L 91.4 86 124
EGO020A-F: Beryllium 7440-41-7 0.001 mg/L <0.001 0.100 mg/L 114 86 130
EGO020A-F: Barium 7440-39-3 0.001 mg/L <0.001 j— — - —
EGO020A-F; Cadmium 7440-43-9 0.0001 mg/L <0.0001 0.100 mg/L 92.0 89 117
EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 0.100 mg/L 102 88 127
EG020A-F: Cobalt 7440-48-4 0.001 mg/L <0.001 0.100 mg/L 91.3 88 116
EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 0.200 mg/L 90.9 86 115
EGO020A-F: Lead 7439-92-1 0.001 mg/L <0.001 0.100 mg/L 96.9 91 113
EGO020A-F: Lithium 7439-93-2 0.001 mg/L <0.001 —
EGO020A-F: Manganese 7439-96-5 0.001 mg/L <0.001 0.100 mg/L 90.0 85 119
EG020A-F: Molybdenum 7439-98-7 0.001 mg/L <0.001 0.100 mg/L 95.3 91 113
EGO020A-F: Nickel 7440-02-0 0.001 mg/L <0.001 0.100 mg/L 93.7 88 115

EGO020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 0.100 mg/L 95.9 86 122
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Work Order - EB1122381
Client . SANTOS LTD
Project - 117626001
Sub-Matrix: WATER Method Blank (MB) Laboratory Control Spike (LCS) Report
Report Spike Spike Recovery (%) Recovery Limits (%)

Method: Compound CAS Number LOR Unit Result Concentration LCS Low High
EGO020A-F: Tin 7440-31-5 0.001 mg/L <0.001 0.100 mg/L 93.7 89 130
EGO020A-F: Vanadium 7440-62-2 0.01 mg/L <0.01 0.100 mg/L 94.0 81 113
EGO020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 0.200 mg/L 91.6 86 120
EGO020A-F: Boron 7440-42-8 0.05 mg/L <0.05 0.50 mg/L 102 70 129
EGO020A-F: Iron 7439-89-6 0.05 mg/L <0.05 0.50 mg/L 95.3 84 124
EGO020B-F: Strontium 7440-24-6 0.001 mg/L <0.001 0.500 mg/L 91.0 87 119
EGO020B-F: Uranium 7440-61-1 0.001 mg/L <0.001 - ——- - ——
EGO020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 0.500 mg/L 97.7 70 128
EGO020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 0.100 mg/L 101 78 120
EGO020A-T: Beryllium 7440-41-7 0.001 mg/L <0.001 0.100 mg/L 117 80 130
EGO020A-T: Barium 7440-39-3 0.001 mg/L <0.001 - —— ——- —
EGO020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 0.100 mg/L 98.0 84 114
EGO020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 0.100 mg/L 99.8 86 124
EGO020A-T: Cobalt 7440-48-4 0.001 mg/L <0.001 0.100 mg/L 98.4 86 122
EGO020A-T: Copper 7440-50-8 0.001 mg/L <0.001 0.200 mg/L 99.3 70 130
EGO020A-T: Lead 7439-92-1 0.001 mg/L <0.001 0.100 mg/L 95.8 70 130
EGO020A-T: Lithium 7439-93-2 0.001 mg/L <0.001 - - - -—--
EGO020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 0.100 mg/L 96.0 84 124
EGO020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 0.100 mg/L 98.0 70 130
EGO020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 0.100 mg/L 94.8 86 121
EGO020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 0.100 mg/L 103 70 130
EGO020A-T: Tin 7440-31-5 0.001 mg/L <0.001 0.100 mg/L 99.8 72 130
EGO020A-T: Vanadium 7440-62-2 0.01 mg/L <0.01 0.100 mg/L 97.8 76 120
EGO020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 0.200 mg/L 96.2 81 123
EGO020A-T: Boron 7440-42-8 0.05 mg/L <0.05 0.500 mg/L 103 76 129
EGO020A-T: Iron 7439-89-6 0.05 mg/L <0.05 0.500 mg/L 99.8 70 130
EGO020B-T: Strontium 7440-24-6 0.001 mg/L <0.001 0.500 mg/L 100 86 115
EGO020B-T: Uranium 7440-61-1 0.001 mg/L <0.001 —— — — —
EGO035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 0.010 mg/L 87.9 84 116
EGO035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 0.0100 mg/L 91.4 80 116
EKO010: Chlorine - Free -— 0.2 mg/L <0.2 J— — —- —
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Client - SANTOS LTD
Project - 117626001
Sub-Matrix: WATER Method Blank (MB) Laboratory Control Spike (LCS) Report
Report Spike Spike Recovery (%) Recovery Limits (%)
Method: Compound CAS Number ‘ LOR Unit Result Concentration LCS Low High
EK040P: Fluoride 16984-48-8 | 0.1 mg/L <0.1 10 mg/L \ 107 \ 85 115
EK055G: Ammonia as N 7664-41-7 | 0.01 mg/L <0.01 0.5 mg/L \ 87.0 \ 70 129
EK057G: Nitrite as N — ] 0.01 mg/L <0.01 0.5 mg/L \ 109 \ 78 126
EK059G: Nitrite + Nitrate as N | 0.01 mg/L <0.01 0.5 mg/L \ 100 \ 70 130
EK061G: Total Kjeldahl Nitrogen as N | 0.1 mg/L <0.1 10.0 mg/L \ 80.2 \ 70 115
EK067G: Total Phosphorus as P — | 0.01 mg/L <0.01 4.2 mg/L \ 92.1 \ 76 117
EKO071G: Reactive Phosphorus as P | 0.01 mg/L <0.01 0.5 mg/L \ 107 \ 81 121
EKO085: Sulfide as S2- 18496-25-8 | 0.1 mg/L <0.1 0.5 mg/L \ 110 \ 80 120
EP002: Dissolved Organic Carbon — | 1 mg/L <1 5 mg/L \ 81.2 \ 78 114
EP005: Total Organic Carbon ---- | 1 mg/L <1 5 mg/L ‘ 97.5 ‘ 78 114
EP033: Methane 74-82-8 10 pg/L <10 27.92 ug/L 93.3 86 108
EP033: Ethene 74-85-1 10 ug/L <10 50.29 ug/L 92.0 87 111
EP033: Ethane 74-84-0 10 ug/L <10 53.91 ug/L 93.5 87 111
EP033: Propene 115-07-1 10 ug/L <10 74.71 pg/L 94.0 86 112
EP033: Propane 74-98-6 10 pg/L <10 72.91 ug/L 93.4 87 111
EP033: Butene 25167-67-3 20 pg/L <20 98.63 ug/L 94.2 87 113
EP033: Butane 106-97-8 20 ug/L <20 103.19 ug/L 94.4 87 113
EP075(SIM): Naphthalene 91-20-3 0.2 pg/L 0.5 ug/L 77.6 58.6 119
1 Hg/L <1.0 — —
EP075(SIM): Acenaphthylene 208-96-8 0.2 ug/L - 0.5 pg/L 80.5 63.6 114
1 ug/L <1.0 - —
EPO075(SIM): Acenaphthene 83-32-9 0.2 ug/L - 0.5 pg/L 78.3 62.2 113
1 Hg/L <1.0 — —
EP075(SIM): Fluorene 86-73-7 0.2 ug/L 0.5 gL 84.6 63.9 115
1 ug/L <1.0 — —
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Work Order - EB1122381
Client - SANTOS LTD
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Sub-Matrix: WATER Method Blank (MB) Laboratory Control Spike (LCS) Report
Report Spike Spike Recovery (%) Recovery Limits (%)
Method: Compound CAS Number LOR Unit Result Concentration LCS Low High
EP075(SIM): Phenanthrene 85-01-8 0.2 ug/L - 0.5 pg/L 90.5 62.6 116
1 ug/L <1.0 - —— — J—
EPO075(SIM): Anthracene 120-12-7 0.2 ug/L - 0.5 pg/L 95.3 64.3 116
1 ug/L <1.0 — J—
EPO075(SIM): Fluoranthene 206-44-0 0.2 Hg/L - 0.5 pg/L 94.8 63.6 118
1 ug/L <1.0 — — J— j—
EPO075(SIM): Pyrene 129-00-0 0.2 yg/L - 0.5 pg/L 96.0 63.1 118
1 Hg/L <1.0 — — J— J—
EP075(SIM): Benz(a)anthracene 56-55-3 0.2 Hg/L - 0.5 pg/L 92.6 64.1 117
1 ug/L <1.0 — —
EPO075(SIM): Chrysene 218-01-9 0.2 Hg/L - 0.5 pg/L 90.2 62.5 116
1 pg/L <1.0 - —— — J—
EPO075(SIM): Benzo(b)fluoranthene 205-99-2 0.2 pg/L - 0.5 pg/L 85.7 61.7 119
1 Hg/L <1.0 — J—
EPO075(SIM): Benzo(k)fluoranthene 207-08-9 0.2 ug/L 0.5 pg/L 95.9 61.7 117
1 ug/L <1.0 - - — J—
EPO075(SIM): Benzo(a)pyrene 50-32-8 0.2 ug/L - 0.5 pg/L 92.8 63.3 117
0.5 ug/L <0.5 — J—
EP075(SIM): Indeno(1.2.3.cd)pyrene 193-39-5 0.2 pg/L 0.5 pg/L 92.7 59.9 118
1 ug/L <1.0 — — J— j—
EP075(SIM): Dibenz(a.h)anthracene 53-70-3 0.2 pg/L 0.5 ugiL 93.6 61.2 17
1 Hg/L <1.0 ——- — — J—
EPO075(SIM): Benzo(g.h.i)perylene 191-24-2 0.2 ug/L - 0.5 pg/L 95.6 59.1 118
1 ug/L <1.0 — J—
EPO075(SIM): Sum of polycyclic aromatic hydrocarbons --- 1 ug/L <1.0 - -
EP080: C6 - C9 Fraction -— 20 ug/L <20 160 ug/L 98.7 69 135
EPO71: C10 - C14 Fraction - 50 Hg/L <50 2000 pg/L 83.5 58.9 131
EP071: C15 - C28 Fraction - 100 yg/L <100 2500 pg/L 120 73.9 138
EPO071: C29 - C36 Fraction -——- 50 ug/L <50 2000 pg/L 82.0 62.7 131
EP080: C6 - C10 Fraction - 20 ug/L <20 185 pg/L 96.9 64 136
EP080: C6 - C10 Fraction minus BTEX (F1) - 20 ug/L <20 - — —- J—
EP071: >C10 - C16 Fraction - 100 yg/L <100 2500 pg/L 70.8 58.9 131
EP071: >C16 - C34 Fraction - 100 Hg/L <100 3500 ug/L 82.6 73.9 138
EPOQ71: >C34 - C40 Fraction - 100 ug/L <100 - -——- - —
50 pg/L 1500 pg/L 106 62.7 131
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Sub-Matrix: WATER Method Blank (MB) Laboratory Control Spike (LCS) Report
Report Spike Spike Recovery (%) Recovery Limits (%)
Method: Compound CAS Number LOR Unit Result Concentration LCS Low High
EP080: Benzene 71-43-2 1 ug/L <1 10 pg/L 91.0 76 124
EP080: Toluene 108-88-3 2 ug/L <2 10 pg/L 106 71 123
EPO080: Ethylbenzene 100-41-4 2 ug/L <2 10 pg/L 122 73 125
EP080: meta- & para-Xylene 108-38-3 2 pg/L <2 20 pg/lL 108 704 129
106-42-3

EP08O0: ortho-Xylene 95-47-6 2 yg/L <2 10 pg/L 105 72 124
EP080: Total Xylenes 1330-20-7 2 pg/L <2 j— — - —
EP080: Sum of BTEX -——- 1 Hg/L <1 J— — - —
EP117: Ethanol 64-17-5 50 ug/L <50 100 pg/L 84.5 73 121
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Matrix Spike (MS) Report

The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on analyte
recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) Report
Spike Spike Recovery (%) Recovery Limits (%)
Laboratory sample ID Client sample ID Method: Compound CAS Number Concentration MS Low High
EB1121924-002 Anonymous ED009-X: Bromide 24959-67-9 5 mg/L 88.0 70 130
EB1122385-001 Anonymous ED045G: Chloride 16887-00-6 400 mg/L 96.0 70 130
EB1122262-017 Anonymous EG020A-F: Aluminium 7429-90-5 0.500 mg/L 92.0 70 130
EGO020A-F: Arsenic 7440-38-2 0.100 mg/L 95.8 70 130
EGO020A-F: Beryllium 7440-41-7 0.100 mg/L 102 70 130
EGO020A-F: Barium 7440-39-3 0.500 mg/L 92.0 70 130
EGO020A-F: Cadmium 7440-43-9 0.100 mg/L 95.7 70 130
EG020A-F: Chromium 7440-47-3 0.100 mg/L 914 70 130
EGO020A-F: Cobalt 7440-48-4 0.100 mg/L 90.2 70 130
EGO020A-F: Copper 7440-50-8 0.200 mg/L 93.8 70 130
EGO020A-F: Lead 7439-92-1 0.100 mg/L 89.1 70 130
EGO020A-F: Manganese 7439-96-5 0.100 mg/L # Not Determined 70 130
EG020A-F: Molybdenum 7439-98-7 0.100 mg/L 92.4 70 130
EGO020A-F: Nickel 7440-02-0 0.100 mg/L 93.6 70 130
EGO020A-F: Selenium 7782-49-2 0.100 mg/L 96.9 70 130
EGO020A-F: Tin 7440-31-5 0.100 mg/L 91.0 70 130
EGO020A-F: Vanadium 7440-62-2 0.100 mg/L 92.6 70 130
EGO020A-F: Zinc 7440-66-6 0.200 mg/L 91.3 70 130
EGO020A-F: Boron 7440-42-8 0.500 mg/L 90.1 70 130
EB1122262-017 Anonymous EGO020A-T: Arsenic 7440-38-2 1.000 mg/L 119 70 130
EGO020A-T: Beryllium 7440-41-7 0.100 mg/L 123 70 130
EGO020A-T: Barium 7440-39-3 1.000 mg/L 81.4 70 130
EGO020A-T: Cadmium 7440-43-9 0.500 mg/L 107 70 130
EGO020A-T: Chromium 7440-47-3 1.000 mg/L 94.8 70 130
EGO020A-T: Cobalt 7440-48-4 1.000 mg/L 102 70 130
EGO020A-T: Copper 7440-50-8 1.000 mg/L 99.3 70 130
EGO020A-T: Lead 7439-92-1 1.000 mg/L 89.0 70 130
EG020A-T: Manganese 7439-96-5 1.000 mg/L # Not Determined 70 130
EGO020A-T: Nickel 7440-02-0 1.000 mg/L 98.6 70 130
EGO020A-T: Vanadium 7440-62-2 1.000 mg/L 88.0 70 130

EGO020A-T: Zinc 7440-66-6 1.000 mg/L 104 70 130
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Sub-Matrix: WATER

Laboratory sample ID

Client sample ID

Method: Compound

EB1122262-019

EB1122376-001

EB1122381-001

EB1122388-001

EB1122395-002

EB1122388-001

EB1122304-002

EB1122304-002

EB1122395-002

EB1122381-001

EM1112093-002

EB1122381-001

EB1122376-001

EB1122381-001

Anonymous

Anonymous

GUN_K2_BORE_W

Anonymous

Anonymous

Anonymous

Anonymous

Anonymous

Anonymous

GUN_K2_BORE_W

Anonymous

GUN_K2_BORE_W

Anonymous

GUN_K2_BORE_W

Matrix Spike (MS) Report

EGO035F: Mercury

EGO035T: Mercury

EKO040P: Fluoride

EK055G: Ammonia as N

EKO057G: Nitrite as N

EKO059G: Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen as N

EK067G: Total Phosphorus as P

EK071G: Reactive Phosphorus as P

EKO085: Sulfide as S2-

EPO033: Methane
EPO033: Ethene
EP033: Ethane
EP033: Propene
EPO033: Propane
EP033: Butene
EP033: Butane

EP075(SIM): Acenaphthene
EPO75(SIM): Pyrene

EPO080: C6 - C9 Fraction

EPO071: C10 - C14 Fraction
EPOQ71: C15 - C28 Fraction

Spike Spike Recovery (%) Recovery Limits (%)
CAS Number Concentration MS Low High
7439-97-6 0.010 mg/L 77.9 70 130
7439-97-6 0.010 mg/L 100 70 130
16984-48-8 6.1 mg/L 114 70 130
7664-41-7 0.4 mg/L 94.2 70 130
—— 0.4 mg/L 84.8 70 130
- 0.4 mg/L 78.8 70 130
- 5 mg/L 84.6 70 130
- 1.0 mg/L 104 70 130
—— 0.4 mg/L 104 70 130
18496-25-8 1.0 mg/L 80.0 70 130
74-82-8 27.92 pg/L 90.2 70 130
74-85-1 50.29 pg/L 83.5 70 130
74-84-0 53.91 pg/L 89.0 70 130
115-07-1 74.71 pg/L 82.1 70 130
74-98-6 72.91 pg/lL 88.7 70 130
25167-67-3 98.63 pg/L 83.9 70 130
106-97-8 103.19 pg/L 88.5 70 130
83-32-9 2 ug/L 88.2 70 130
129-00-0 2 pg/L 104 70 130
- 40 pg/L 113 70 130
- 200 pg/L 110 74 150
- 250 pg/L 132 77 153
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Sub-Matrix: WATER Matrix Spike (MS) Report
Spike Spike Recovery (%) Recovery Limits (%)
Laboratory sample ID ‘ Client sample ID ‘ Method: Compound CAS Number Concentration MS Low ‘ High
EB1122381-001 |GUN_K2_BORE_W |EPO71: C29 - C36 Fraction 200 pg/L 115 67 | 153
EB1122376-001 | Anonymous |EPO80: C6 - C10 Fraction 40 pg/L 115 0 | 130
EB1122381-001 GUN_K2_BORE_W EP071: >C10 - C16 Fraction - 250 pg/L 88.0 74 150
EP071: >C16 - C34 Fraction 350 pg/L 120 77 153
EPOQ71: >C34 - C40 Fraction - 150 pg/L 86.7 67 153
EB1122376-001 Anonymous EP080: Benzene 71-43-2 10 pg/L 106 70 130
EP080: Toluene 108-88-3 10 pg/L 102 70 130
EB1122408-002 Anonymous EP117: Ethanol 64-17-5 100 pg/L # Not Determined 70 130




INTERPRETIVE QUALITY CONTROL REPORT

Work Order :EB1122381 Page :10f13

Client :SANTOS LTD Laboratory : Environmental Division Brisbane

Contact : Contact :

Address :GPO BOX 1010 Address : 32 Shand Street Stafford QLD Australia 4053

LEVEL 22, 32 TURBOT STREET
BRISBANE QLD, AUSTRALIA 4001

E-mail : E-mail

Telephone :- Telephone

Facsimile j— Facsimile

Project 1117626001 QC Level :NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Site : Gunnedah

C-O-C number je— Date Samples Received 1 26-OCT-2011

Sampler :_ Issue Date 1 02-NOV-2011
Order number 1 879002-405

No. of samples received 1
Quote number :BN/107/11 V3 No. of samples analysed 1
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Analysis Holding Time Compliance

The following report summarises extraction / preparation and analysis times and compares with recommended holding times. Dates reported represent first date of extraction or analysis and precludes subsequent
dilutions and reruns. Information is also provided re the sample container (preservative) from which the analysis aliquot was taken. Elapsed period to analysis represents number of days from sampling where no
extraction / digestion is involved or period from extraction / digestion where this is present. For composite samples, sampling date is assumed to be that of the oldest sample contributing to the composite. Sample date
for laboratory produced leachates is assumed as the completion date of the leaching process. Outliers for holding time are based on USEPA SW 846, APHA, AS and NEPM (1999). A listing of breaches is provided in the
Summary of Outliers.

Holding times for leachate methods (excluding elutriates) vary according to the analytes being determined on the resulting solution. For non -volatile analytes, the holding time compliance assessment compares the leach
date with the shortest analyte holding time for the equivalent soil method. These soil holding times are: Organics (14 days); Mercury (28 days) & other metals (180 days). A recorded breach therefore does not guarantee
a breach for all non-volatile parameters.

Matrix: WATER Evaluation: ¥ = Holding time breach ; v" = Within holding time.
Sample Date Extraction / Preparation Analysis
Container / Client Sample ID(s) Date extracted | Due for extraction Evaluation Date analysed Due for analysis Evaluation

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 24-OCT-2011 27-0CT-2011 24-OCT-2011 x®

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 21-NOV-2011 27-0CT-2011 | 21-NOV-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 -—-- - 27-0CT-2011 31-0CT-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 -—-- - 28-0CT-2011 21-NOV-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0OCT-2011 - 07-NOV-2011 - 27-0CT-2011 07-NOV-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 - 21-NOV-2011 - 27-0CT-2011 21-NOV-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 - 21-NOV-2011 - 27-0CT-2011 21-NOV-2011 v

Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 31-0CT-2011 27-0CT-2011 | 31-OCT-2011 v

Clear Plastic Bottle - Nitric Acid; Filtered
GUN_K2_BORE_W 24-0CT-2011 21-APR-2012 28-0CT-2011 | 21-APR-2012 v

Clear Plastic Bottle - Nitric Acid; Unfiltered
GUN_K2_BORE_W 24-0CT-2011 | 28-0CT-2011 | 21-APR-2012 v 28-0CT-2011 | 21-APR-2012 v
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Matrix: WATER Evaluation: % = Holding time breach ; v" = Within holding time.
Sample Date Extraction / Preparation Analysis
Container / Client Sample ID(s) Date extracted | Due for extraction | Evaluation Date analysed Due for analysis Evaluation
Clear Plastic Bottle - Nitric Acid; Filtered
GUN_K2_BORE_W 24-0CT-2011 21-NOV-2011 - 31-0CT-2011 21-NOV-2011 v
Clear Plastic Bottle - Nitric Acid; Unfiltered
GUN_K2_BORE_W 24-0CT-2011 - - 02-NOV-2011 21-NOV-2011 v
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 - - 28-0CT-2011 24-0OCT-2011 £’
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 21-NOV-2011 - 27-0CT-2011 21-NOV-2011 v
Clear Plastic Bottle - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 21-NOV-2011 - 28-0CT-2011 21-NOV-2011 v
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 26-0OCT-2011 27-0CT-2011 26-OCT-2011 x
Clear Plastic Bottle - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 21-NOV-2011 28-0CT-2011 21-NOV-2011 v
Clear Plastic Bottle - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 | 28-OCT-2011 | 21-NOV-2011 v 28-0CT-2011 | 21-NOV-2011 v
Clear Plastic Bottle - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 | 28-OCT-2011 21-NOV-2011 v 28-0CT-2011 21-NOV-2011 v
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 24-0CT-2011 26-OCT-2011 - 27-0CT-2011 26-0OCT-2011 £’
Clear Plastic Bottle - Zinc Acetate/NaOH
GUN_K2_BORE_W 24-0CT-2011 - - 02-NOV-2011 31-0CT-2011 £’
Clear Plastic Bottle - Zinc Acetate/NaOH
GUN_K2_BORE_W 24-0CT-2011 - - 31-0CT-2011 31-0OCT-2011 v

Amber DOC Filtered- Sulfuric Preserved
GUN_K2_BORE_W 24-0CT-2011 - ---- 28-0CT-2011 21-NOV-2011 v
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Matrix: WATER Evaluation: % = Holding time breach ; v" = Within holding time.
Sample Date Extraction / Preparation Analysis
Container / Client Sample ID(s) Date extracted | Due for extraction Evaluation Date analysed Due for analysis Evaluation
Amber TOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 - - 28-0OCT-2011 21-NOV-2011 v
Amber VOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 - - 01-NOV-2011 07-NOV-2011 v
Amber Glass Bottle - Unpreserved
GUN_K2_BORE_W 24-0CT-2011 31-0CT-2011 31-0OCT-2011 v 31-0CT-2011 10-DEC-2011 v
Amber Glass Bottle - Unpreserved
GUN_K2_BORE_W 24-0CT-2011 31-0CT-2011 31-0OCT-2011 v 31-0CT-2011 10-DEC-2011 v
Amber VOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 31-0CT-2011 07-NOV-2011 v 31-0CT-2011 07-NOV-2011 v
Amber Glass Bottle - Unpreserved
GUN_K2_BORE_W 24-0CT-2011 | 31-OCT-2011 31-0CT-2011 v 31-0CT-2011 10-DEC-2011 v
Amber VOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 | 31-OCT-2011 | 07-NOV-2011 v 31-0CT-2011 | 07-NOV-2011 v
Amber VOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 | 31-OCT-2011 | 07-NOV-2011 v 31-0CT-2011 | 07-NOV-2011 v
Amber VOC Vial - Sulfuric Acid
GUN_K2_BORE_W 24-0CT-2011 - - 31-0CT-2011 07-NOV-2011 v

Sterile Plastic Bottle - Sodium Thiosulfate
GUN_K2_BORE_W 24-0CT-2011 25-0OCT-2011 - 26-0CT-2011 25-0CT-2011 £’
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(where) processed. Actual rate should be greater than or equal to the
expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: % = Quality Control frequency not within specification ; v* = Quality Control frequency within specification.

Count Rate (%) Quality Control Specification

Analytical Methods Method QC Reqular Actual Expected Evaluation

Alcohols by HS-GC-MS EP117 1 6 16.7 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Alkalinity by PC Titrator EDO037-P 2 20 10.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Ammonia as N by Discrete analyser EK055G 2 16 12.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
C1-C4 Gases EP033 2 20 10.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Chloride by Discrete Analyser EDO045G 2 18 1141 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Conductivity by PC Titrator EA010-P 2 19 10.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Mercury by FIMS EGO35F 1 8 12.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite A EGO020A-F 2 15 13.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite B EG020B-F 2 15 13.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Organic Carbon EP002 1 9 11.1 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Fluoride by PC Titrator EK040P 1 7 14.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Major Anions - Dissolved EDO040F 2 20 10.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Major Cations - Dissolved EDO093F 2 19 10.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite and Nitrate as N (NOx) by Discrete Analyser EK059G 2 20 10.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite as N by Discrete Analyser EK057G 2 15 13.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
PAH/Phenols (GC/MS - SIM) EPO75(SIM) 1 1 100.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
pH by PC Titrator EA005-P 2 13 15.4 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Reactive Phosphorus as P-By Discrete Analyser EK071G 2 16 12.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Standard Anions -by IC (Extended Method) EDO009-X 2 19 10.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Sulfide as S2- EKO085 2 13 15.4 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Dissolved Solids (High Level) EA015H 2 20 10.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Kjeldahl Nitrogen as N By Discrete Analyser EK061G 1 9 11.1 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Mercury by FIMS EGO035T 2 19 10.5 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite A EGO020A-T 2 12 16.7 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite B EGO020B-T 2 12 16.7 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Organic Carbon EP005 1 6 16.7 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Phosphorus as P By Discrete Analyser EK067G 2 15 13.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH - Semivolatile Fraction EPO71 1 1 100.0 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH Volatiles/BTEX EP080 2 18 1141 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Alcohols by HS-GC-MS EP117 1 6 16.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Alkalinity by PC Titrator EDO037-P 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Ammonia as N by Discrete analyser EK055G 1 16 6.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
C1-C4 Gases EPO033 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Chloride by Discrete Analyser ED045G 2 18 11.1 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Conductivity by PC Titrator EA010-P 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Mercury by FIMS EGO35F 1 8 12.5 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite A EG020A-F 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite B EGO020B-F 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
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Matrix: WATER Evaluation: * = Quality Control frequency not within specification ; v = Quality Control frequency within specification.
Count Rate (%) Quality Control Specification
Analytical Methods Method QC Reqular Actual Expected Evaluation
Dissolved Organic Carbon EP002 2 9 22.2 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Fluoride by PC Titrator EK040P 1 7 14.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite and Nitrate as N (NOx) by Discrete Analyser EK059G 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite as N by Discrete Analyser EK057G 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
PAH/Phenols (GC/MS - SIM) EPO75(SIM) 1 1 100.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
pH by PC Titrator EA005-P 2 13 15.4 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Reactive Phosphorus as P-By Discrete Analyser EK071G 1 16 6.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Standard Anions -by IC (Extended Method) EDO009-X 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Sulfide as S2- EKO085 1 13 7.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Dissolved Solids (High Level) EA015H 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Kjeldahl Nitrogen as N By Discrete Analyser EK061G 1 9 11.1 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Mercury by FIMS EGO035T 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite A EGO020A-T 1 12 8.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite B EGO020B-T 1 12 8.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Organic Carbon EP005 2 6 33.3 10.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Phosphorus as P By Discrete Analyser EK067G 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH - Semivolatile Fraction EPO71 1 1 100.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH Volatiles/BTEX EP080 1 18 5.6 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Alcohols by HS-GC-MS EP117 1 6 16.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Ammonia as N by Discrete analyser EK055G 1 16 6.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
C1-C4 Gases EPO033 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Chloride by Discrete Analyser ED045G 1 18 5.6 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Chlorine EKO010 1 2 50.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Conductivity by PC Titrator EA010-P 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Mercury by FIMS EGO035F 1 8 12,5 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite A EGO020A-F 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Metals by ICP-MS - Suite B EG020B-F 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Dissolved Organic Carbon EP002 1 9 11.1 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Fluoride by PC Titrator EKO040P 1 7 14.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Major Anions - Dissolved EDO40F 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Major Cations - Dissolved EDO93F 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite and Nitrate as N (NOx) by Discrete Analyser EK059G 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Nitrite as N by Discrete Analyser EK057G 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
PAH/Phenols (GC/MS - SIM) EPO75(SIM) 1 1 100.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Reactive Phosphorus as P-By Discrete Analyser EK071G 1 16 6.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Standard Anions -by IC (Extended Method) EDO009-X 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Sulfide as S2- EKO085 1 13 7.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Dissolved Solids (High Level) EA015H 1 20 5.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Kjeldahl Nitrogen as N By Discrete Analyser EK061G 1 9 111 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Mercury by FIMS EGO035T 1 19 5.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite A EGO020A-T 1 12 8.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Metals by ICP-MS - Suite B EG020B-T 1 12 8.3 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
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Matrix: WATER Evaluation: * = Quality Control frequency not within specification ; v = Quality Control frequency within specification.

Count Rate (%) Quality Control Specification

Analytical Methods Method QC Reqular Actual Expected Evaluation

Total Organic Carbon EP005 1 6 16.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Total Phosphorus as P By Discrete Analyser EK067G 1 15 6.7 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH - Semivolatile Fraction EPO71 1 1 100.0 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
TPH Volatiles/BTEX EP080 1 18 5.6 5.0 v NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Alcohols by HS-GC-MS EP117 1 6 16.7 5.0 v ALS QCS3 requirement

Ammonia as N by Discrete analyser EK055G 1 16 6.3 5.0 v ALS QCS3 requirement

C1-C4 Gases EP033 1 20 5.0 5.0 v ALS QCS3 requirement

Chloride by Discrete Analyser ED045G 1 18 5.6 5.0 v ALS QCS3 requirement

Dissolved Mercury by FIMS EGO35F 1 8 12.5 5.0 v ALS QCS3 requirement

Dissolved Metals by ICP-MS - Suite A EGO020A-F 1 15 6.7 5.0 v ALS QCS3 requirement

Fluoride by PC Titrator EK040P 1 7 14.3 5.0 v ALS QCS3 requirement

Nitrite and Nitrate as N (NOx) by Discrete Analyser EK059G 1 20 5.0 5.0 v ALS QCS3 requirement

Nitrite as N by Discrete Analyser EK057G 1 15 6.7 5.0 v ALS QCS3 requirement

PAH/Phenols (GC/MS - SIM) EPO75(SIM) 1 1 100.0 5.0 v ALS QCS3 requirement

Reactive Phosphorus as P-By Discrete Analyser EK071G 1 16 6.3 5.0 v ALS QCS3 requirement

Standard Anions -by IC (Extended Method) EDO009-X 1 19 5.3 5.0 v ALS QCS3 requirement

Sulfide as S2- EKO085 1 13 7.7 5.0 v ALS QCS3 requirement

Total Kjeldahl Nitrogen as N By Discrete Analyser EK061G 1 9 11.1 5.0 v ALS QCS3 requirement

Total Mercury by FIMS EGO035T 1 19 5.3 5.0 v ALS QCS3 requirement

Total Metals by ICP-MS - Suite A EGO020A-T 1 12 8.3 5.0 v ALS QCS3 requirement

Total Phosphorus as P By Discrete Analyser EK067G 1 15 6.7 5.0 v ALS QCS3 requirement

TPH - Semivolatile Fraction EPO71 1 1 100.0 5.0 v ALS QCS3 requirement

TPH Volatiles/BTEX EP080 1 18 5.6 5.0 v ALS QCS3 requirement
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Brief Method Summaries

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

pH by PC Titrator

Conductivity by PC Titrator

Total Dissolved Solids (High Level)
Hardness as CaCO3

Residual Alkali

Free and Total CO2

Standard Anions -by IC (Extended
Method)

Alkalinity by PC Titrator

Major Anions - Dissolved

Chloride by Discrete Analyser

Major Cations - Dissolved

Dissolved Metals by ICP-MS - Suite A

Total Metals by ICP-MS - Suite A

EAQ005-P

EA010-P

EAO015H

EA065

EA161

EA165-P

EDO009-X

EDO037-P

EDO40F

ED045G

EDO93F

EGO020A-F

EGO020A-T

WATER
WATER
WATER
WATER
WATER
WATER
WATER

WATER

WATER

WATER

WATER

WATER

WATER

APHA 21st ed. 4500 H+ B. This procedure determines pH of water samples by automated ISE. This method is

compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 2510 B This procedure determines conductivity by automated ISE. This method is compliant with
NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 2540C A gravimetric procedure that determines the amount of “filterable" residue in an aqueous
sample. A well-mixed sample is filtered through a glass fibre filter (1.2um). The filtrate is evaporated to dryness
and dried to constant weight at 180+/-5C. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)
APHA 21st ed., 2340 B. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

In House (Calculation)

APHA 21st ed., CO2-D. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4110. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 2320 B This procedure determines alkalinity by automated measurement (e.g. PC Titrate) using
pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (1999) Schedule B(3)
(Appdx. 2)

APHA 21st ed., 3120. The 0.45um filtered samples are determined by ICP/AES for Sulfur and/or Silcon content
and reported as Sulfate and/or Silica after conversion by gravimetric factor.

APHA 21st ed., 4500 CI - G.The thiocyanate ion is liberated from mercuric thiocyanate through sequestration of
mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions the librated
thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition seal method 2
017-1-L april 2003

Major Cations is determined based on APHA 21st ed., 3120; USEPA SW 846 - 6010 The ICPAES technique
ionises the 0.45um filtered sample atoms emitting a characteristic spectrum. This spectrum is then compared
against matrix matched standards for quantification. This method is compliant with NEPM (1999) Schedule B(3)
(Appdx. 2)

Sodium Absorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method
QWI-EN/EDO93F. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Total Hardness is calculated based on APHA 21st ed., 2340 B. This method is compliant with NEPM (1999)
Schedule B(3) (Appdx. 2)

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): Samples are 0.45 um filtered prior to
analysis. The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. lons are then
passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct mass to
charge ratios prior to their measurement by a discrete dynode ion detector.

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): The ICPMS technique utilizes a highly
efficient argon plasma to ionize selected elements. lons are then passed into a high vacuum mass spectrometer,
which separates the analytes based on their distinct mass to charge ratios prior to their measurement by a discrete
dynode ion detector.
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Dissolved Metals by ICP-MS - Suite B

Total Metals by ICP-MS - Suite B

Dissolved Mercury by FIMS

Total Mercury by FIMS

Silica (Total Dissolved) by ICPAES
Chlorine
Fluoride by PC Titrator

Ammonia as N by Discrete analyser
Nitrite as N by Discrete Analyser

Nitrate as N by Discrete Analyser

Nitrite and Nitrate as N (NOx) by Discrete
Analyser

Total Kjeldahl Nitrogen as N By Discrete
Analyser

Total Nitrogen as N (TKN + Nox) By
Discrete Analyser

Total Phosphorus as P By Discrete
Analyser

EGO020B-F

EGO020B-T

EGO35F

EGO035T

EGO052F

EK010

EK040P

EKO055G

EKO057G

EK058G

EKO059G

EK061G

EK062G

EK067G

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): Samples are 0.45 um filtered prior to
analysis. The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. lons are then
passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct mass to
charge ratios prior to their measurement by a discrete dynode ion detector.

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): The ICPMS technique utilizes a highly
efficient argon plasma to ionize selected elements. lons are then passed into a high vacuum mass spectrometer,
which separates the analytes based on their distinct mass to charge ratios prior to their measurement by a discrete
dynode ion detector.

AS 3550, APHA 21st ed. 3112 Hg - B (Flow-injection (SnCI2)(Cold Vapour generation) AAS) Samples are 0.45 um
filtered prior to analysis. FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide
reagent is used to oxidise any organic mercury compounds in the filtered sample. The ionic mercury is reduced
online to atomic mercury vapour by SnCI2 which is then purged into a heated quartz cell. Quantification is by
comparing absorbance against a calibration curve. This method is compliant with NEPM (1999) Schedule B(3)
(Appdx. 2)

AS 3550, APHA 21st ed. 3112 Hg - B (Flow-injection (SnCI2)(Cold Vapour generation) AAS) FIM-AAS is an
automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise any organic
mercury compounds in the unfiltered sample. The ionic mercury is reduced online to atomic mercury vapour by
SnCI2 which is then purged into a heated quartz cell. Quantification is by comparing absorbance against a
calibration curve. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-SiO2. Silica (Total) determined by calculation from Silicon by ICPAES.

In-house (DPD colourimetry)

APHA 21st ed., 4500 F--C CDTA is added to the sample to provide a uniform ionic strength background, adjust pH,
and break up complexes. Fluoride concentration is determined by either manual or automatic ISE measurement.
This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-NH3 G Ammonia is determined by direct colorimetry by Discrete Analyser. This method is
compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-NO2- B. Nitrite is determined by direct colourimetry by Discrete Analyser. This method is
compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-NO3- F. Nitrate is reduced to nitrite by way of a cadmium reduction column followed by
quantification by Discrete Analyser. Nitrite is determined seperately by direct colourimetry and result for Nitrate
calculated as the difference between the two results. This method is compliant with NEPM (1999) Schedule B(3)
(Appdx. 2)

APHA 21st ed., 4500-NO3- F. Combined oxidised Nitrogen (NO2+NO3) is determined by Cadmium Reduction and
direct colourimetry by Discrete Analyser. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)
APHA 21st ed., 4500-Norg D. 25mL water samples are digested using a traditional Kjeldahl digestion followed by
determination by Discrete Analyser. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-Norg / 4500-NO3-. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

APHA 21st ed., 4500-P B&F This procedure involves sulphuric acid digestion of a 100mL sample to break
phosphorus down to orthophosphate. The orthophosphate reacts with ammonium molybdate and antimony
potassium tartrate to form a complex which is then reduced and its concentration measured at 880nm using
Discrete Analyser. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)
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Reactive Phosphorus as P-By Discrete EKO071G WATER APHA 21st ed., 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid medium with

Analyser othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely coloured
molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant with NEPM
(1999) Schedule B(3) (Appdx. 2)

Un-ionized Hydrogen Sulfide EK084 WATER APHA 21st ed., 4500-S2- H. Sulfide in the sample is reported as the ionised / unionised fractions by the use of a
nomograph and the initial pH. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Sulfide as S2- EK085 WATER APHA 21st ed., 4500-S2- D Sulfide species present in water samples are immediately precipitated when collected
in pretreated caustic/zinc acetate preserved sample containers. After the supernatant is discarded, the resultant
precipitate is then coloured using methylene blue indicator and measured using UV-VIS detection at 664nm. This
method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

lonic Balance by PCT DA and ICPAES ENO055 - DA WATER APHA 21st Ed. 1030F. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Field Tests (performed by external EN67-B02 WATER Field determinations as per methods described in APHA or supplied by client. The analysis is performed in the

sampler) field by non-ALS samplers. ALS NATA accreditation does not apply for this service.

Dissolved Organic Carbon EP002 WATER APHA 21st ed., 5310 B. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Total Organic Carbon EP005 WATER APHA 21st ed., 5310 B, The automated TOC analyzer determines Total and Inorganic Carbon by IR cell. TOC is
calculated as the difference. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

C1-C4 Gases EP033 WATER Technical Guidance for the Natural Attenuation Indicators: Methane, Ethane, and Ethene, US EPA - Region 1,
EPA New England, July 2001. Automated static headspace, dual column GC/FID. A 12 mL sample is pipetted
into a 20 mL headspace vial containing 3g of sodium chloride and sealed. Each sample is equilibrated with
shaking at 40 degrees C for 10 minutes prior to analysis by GC/FID using a pair of PLOT columns of different
polarity.

TPH - Semivolatile Fraction EPO71 WATER USEPA SW 846 - 8015A The sample extract is analysed by Capillary GC/FID and quantification is by comparison
against an established 5 point calibration curve of n-Alkane standards. This method is compliant with NEPM
(1999) Schedule B(3) (Appdx. 2)

PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER USEPA SW 846 - 8270D Sample extracts are analysed by Capillary GC/MS in SIM Mode and quantification is by
comparison against an established 5 point calibration curve. This method is compliant with NEPM (1999) Schedule
B(3) (Appdx. 2)

TPH Volatiles/BTEX EPO080 WATER USEPA SW 846 - 8260B Water samples are directly purged prior to analysis by Capillary GC/MS and
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis. This method is
compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Alcohols by HS-GC-MS *EP117 WATER In House. A 10 mL aliquot of sample is mixed with 4 g of sodium chloride, equilibrated at 80 degrees C for 10
minutes and the headspace analysed by GCMS in the selected ion monitoring mode.

Heterotrophic (Total) Plate Count @ 22C MW002 WATER AS4276.3.1- 2007

and 36C

Field Observations SAMP-02 WATER Field Observations provided by Samplers and recorded on ALS report. NATA accreditation does not apply to this
service.

Sulphate Reducing Bacteria (Water) SRB-WAT WATER Sulphate Reducing Bacteria analysis of water matrices conducted by Subcontracting Laboratory

TKN/TP Digestion EK061/EK067 WATER APHA 21st ed., 4500 Norg - D; APHA 21st ed., 4500 P - H. This method is compliant with NEPM (1999) Schedule
B(3) (Appdx. 2)

Digestion for Total Recoverable Metals EN25 WATER USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and

ground water samples for analysis by ICPAES or ICPMS. This method is compliant with NEPM (1999) Schedule
B(3) (Appdx. 2)
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Separatory Funnel Extraction of Liquids ORG14 WATER USEPA SW 846 - 3510B 500 mL to 1L of sample is transferred to a separatory funnel and serially extracted three

times using 60mL DCM for each extract. The resultant extracts are combined, dehydrated and concentrated for
analysis. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2). ALS default excludes sediment
which may be resident in the container.

Volatiles Water Preparation ORG16-W WATER A 5 mL aliquot or 5 mL of a diluted sample is added to a 40 mL VOC vial for sparging.
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Summary of Outliers

Outliers : Quality Control Samples

The following report highlights outliers flagged in the Quality Control (QC) Report. Surrogate recovery limits are static and based on USEPA SW846 or ALS-QWI/EN/38 (in

report displays QC Oultliers (breaches) only.

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER

the absence of specific USEPA limits). This

Compound Group Name Laboratory Sample ID | Client Sample ID Analyte CAS Number Data Limits Comment
EGO020F: Dissolved Metals by ICP-MS EB1122262-017 Anonymous Manganese 7439-96-5 Not - MS recovery not determined, background
Determined level greater than or equal to 4x spike
level.
EGO020T: Total Metals by ICP-MS EB1122262-017 Anonymous Manganese 7439-96-5 Not - MS recovery not determined, background
Determined level greater than or equal to 4x spike
level.
EP117: Alcohols EB1122408-002 Anonymous Ethanol 64-17-5 Not - MS recovery not determined, background
Determined level greater than or equal to 4x spike
level.
® For all matrices, no Method Blank value outliers occur.
® For all matrices, no Duplicate outliers occur.
® For all matrices, no Laboratory Control outliers occur.
Regular Sample Surrogates
® For all regular sample matrices, no surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
This report displays Holding Time breaches only. Only the respective Extraction / Preparation and/or Analysis component is/are displayed.
Matrix: WATER
Extraction / Preparation Analysis
Container / Client Sample ID(s) Date extracted Due for extraction Days Date analysed Due for analysis Days
overdue overdue
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 27-0CT-2011 | 24-OCT-2011 3
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 28-0OCT-2011 | 24-OCT-2011 4
Clear Plastic Bottle - Natural
- - 27-0OCT-2011 26-0OCT-2011 1

GUN_K2_BORE_W
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Matrix: WATER
Extraction / Preparation Analysis
Container / Client Sample ID(s) Date extracted Due for extraction Days Date analysed Due for analysis Days
overdue overdue
Clear Plastic Bottle - Natural
GUN_K2_BORE_W 27-0CT-2011 | 26-OCT-2011 1
Clear Plastic Bottle - Zinc Acetate/NaOH
GUN_K2_BORE_W 02-NOV-2011 | 31-OCT-2011 2
Sterile Plastic Bottle - Sodium Thiosulfate
GUN_K2_BORE_W 26-OCT-2011 | 25-OCT-2011 1

Outliers : Frequency of Quality Control Samples
The following report highlights breaches in the Frequency of Quality Control Samples.

® No Quality Control Sample Frequency Outliers exist.
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1. Introduction

Santos QNT Pty Ltd (Santos) proposes to carry out the Kahlua Pilot Reactivation at a site located on Lot 6
DP586978 in Marys Mount about 20 kilometres west of Gunnedah, NSW.

The site contains existing coal seam gas exploration infrastructure including four exploration wells (Kahlua (K) 2,
K3, K4 and K5), access tracks, water storage and gas flaring infrastructure.

The purpose of the proposed activity is to continue exploration and appraisal activities at the site utilising the
existing coal seam gas exploration infrastructure. It includes some minor additional civil and construction works
including installation of buried gas and water gathering, power cables, upgrade of the gas flare, establishment of
central power generation infrastructure and 65 kilolitre diesel storage, followed by workovers and completions, and
appraisal activities.

This report provides a greenhouse gas assessment of the proposed activity.
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2. Assessment methodology

The assessment estimates Scope 1 greenhouse gas (GHG) emissions associated with the Kahlua Pilot
Reactivation Project.

Scope 1 emissions are the release of greenhouse gases into the atmosphere as a direct result of an activity, or
series of activities (including ancillary activities) that constitute the facility. These are considered to be ‘direct’
emissions.

Factors used as input to calculations are from the following sources:

—  National Greenhouse and Energy Reporting (Measurement) Determination 2008 as amended
(Commonwealth of Australia) (NGER Measurement Determination)

—  American Petroleum Institute (API) Compendium of Greenhouse Gas Emissions Methodologies for the Oil
and Natural Gas Industry.

Given that the facility is not connected to the mains power, there are no Scope 2 emissions associated with the
project.

Scope 3 emissions are indirect greenhouse gas emissions other than scope 2 emissions that are generated in the
wider economy. They occur as a consequence of the activities of a facility, but from sources not owned or
controlled by that facility's business — such as greenhouse gas emissions from the use of product gas by industry.
Product gas would be flared as part of the proposed activity, emissions from which are accounted for as Scope 1,
and would therefore not create any such downstream Scope 3 emissions for Santos. Other scope 3 emissions,
such as those embodied in production of purchased goods and services, would be outside of the operational
control of the proposed activity and are unlikely to be significant. Accordingly, Scope 3 emissions have not been
considered further in this assessment.

Per requirements of the ESG2 guideline, an initial, high-level quantitative GHG assessment was undertaken,
considering major emissions during well appraisal operations, restricted to the following sources:

—  flaring

— combustion for electricity generation (operation of equipment)

— venting of reservoir carbon dioxide (CO2)

—  well workovers

— general leaks.

The GHG emission estimates associated with pilot reactivation and combustion of diesel fuel for the project were
calculated in accordance with the current techniques set out in the NGER Measurement Determination.

2.1 Greenhouse gases considered

The greenhouse gases considered in this assessment and the corresponding global warming potential (GWP) for
each GHG are listed in Table 2.1. The GWPs from the Intergovernmental Panel on Climate Change (IPCC) Fifth
Assessment Report? were used in this assessment for consistency with the IPCC guidelines.

" https://lwww.api.org/~/medialfiles/ehs/climate-change/2009_ghg_compendium.ashx

21PCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups |, Il and Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL _full.pdf (Box 3.2 Table 1
Examples of emission metric values from WGI)
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5. Conclusion

The pilot testing at Kahlua would result in 0.036Mt CO2-e for the two years or 0.018Mt COz-e per year it will be
operating. The annual emissions from the pilot testing is approximately 0.004% of Australia’s annual GHG
emissions, which is considered to be negligible.
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Kahlua Pilot Reactivation Groundwater Assessment

1 Introduction

1.1 Background

Santos QNT Pty Ltd (Santos) engaged Australasian Groundwater and Environmental Consultants (AGE) to
prepare a Review of Environmental Factors (REF) to assess the potential impacts of the project under Part 5
of the Environmental Planning and Assessment Act 1979 (EP&A Act) and in accordance with NSW Department
of Planning, Industry and Environment (DPIE) guideline ESG2: Guideline for preparing a Review of
Environmental Factors. This report assesses the potential impacts of the proposed activity on groundwater.

The Kahlua Pilot (referred to hereafter as ‘the Project) is located approximately 25 kilometres west of
Gunnedah in north-western NSW (Figure 1.1). The pilot consists of four wells (Kahlua 2, 3, 4 and 5) drilled by
Santos in 2010. In late 2011, Santos carried out a single well production test of Kahlua 2 for a period of 90 days.
Golder Associates (Golder Associates, 2010) prepared the original groundwater impact study (GWIS) for the
2011 pilot test. The objectives of the Golder Associates (2010) report was to identify and assess potential
groundwater impacts and develop groundwater impact mitigation measures from the proposed pilot test.
This REF includes a re-evaluation the 2010 pilot test assessment and the 2011 well production test in order to
assess the likely impacts of the Project, further details of which are provided in Section 2.

Accordingly, information from Golder Associates (2010) was used as an input for project conceptualisation,
along with hydraulic data from the 2011 pilot test, plus the currently proposed pilot test groundwater abstraction
schedule. Further, a number of applicable legislative amendments have occurred since the previous GWIS
was completed which have been considered herein.

1.2 Objectives

The primary objective of this assessment was to assess potential groundwater impacts from reactivation of the
Kahlua Pilot wells for a period of up to 24 months with reference to applicable regulatory guidance for NSW
and Australia.

1.3 Scope of works

To meet the objective outlined above, the following scope of work was completed:
e A desktop review of existing information, including Golder Associates (2010) and the original REF
(Santos 2010).
o Review of the revised Kahlua Pilot infrastructure and proposed extraction schedule.
e Review of applicable groundwater legislation and policies, including:
— The NSW Aquifer Interference Policy.
— Amendments to the Water Management (General) Regulations.

— Water sharing plans (NSW Murray-Darling Basin Porous Rock Groundwater Sources 2020 and
Namoi Alluvial Groundwater Sources 2020).

— The Commonwealth EPBC Act — i.e., the so called ‘water trigger’.
e Review of Santos and public database/information.
e Review and interpretation of data collected from the 2011 Kahlua pilot test, including:

— An analytical drawdown assessment of the available data to establish hydraulic parameters for the
aquifer systems.

— Areview of available groundwater quality data to inform water treatment requirements.
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o Development of a conceptual groundwater model to assess the potential effect on groundwater
resources from the Kahlua pilot test.

e Forward prediction of potential groundwater impacts using a relatively simple numerical modelling
approach and contextualising their significance relative to the criteria for assessing groundwater impacts
in NSW (i.e., the NSW Aquifer Interference Policy minimal impact considerations).

e Preparation of this report to document the groundwater assessment findings.

A number of the initial tasks outlined above including re-interpretation of the 2011 pilot test and preparation of
a number of maps and other report figures were undertaken by GHD Pty Ltd (GHD). AGE’s input was therefore
primarily focussed on undertaken the groundwater impact assessment and interpretation of the results
(reported in Sections 6, 7 and 8).

1.4 Report structure

This report is structured as follows:

e Section 2 presents a description of the proposed Kahlua Pilot Reactivation Project (the Project).
e Section 3 presents a summary of regulatory framework of relevance to this assessment.

e Section 4 presents a summary of the existing hydrogeological environment in the Project area.
e A hydrogeological conceptual model of the Project area is presented Section 5.

e Section 6 presents a summary of the predicted groundwater impacts of the Project.

e Appropriate mitigation and monitoring measures are identified in Section 7.

e Overall study conclusions are presented in Section 8.
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Forecasted average pumping rates during CSG production range between 6 and 24 m3/day (2 to 8.8 ML/yr)
for the first 24 months of production. Temporary (short term) pumping rates of up to 47.7 m3day are also
forecasted during the early stages of the production whilst water is being removed from storage in the target
coal seams and water pressures are reducing allowing liberation of the coal seam gas (Figure 2.2). As shown
in Figure 2.2 after this initial dewatering or depressurisation phase water extraction rates typically gradually
decline whilst conversely gas production gradually increases. Long term, gas production would eventually
begin to decline slowly. However, this would occur well beyond the lifetime of the Project which is intended to
confirm initial gas production rates once target water pressures have been achieved.

Figure 2.2 Typical gas and water flow profile during CSG production (OGIA, 2021)
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3 Regulatory framework

3.1 Water Management Act 2000

Most water access licences are issued under the NSW Water Management Act 2007 (WM Act). There may
still be some licences current under the NSW Water Act 1912 that have not yet been converted into licences
and/or approvals under the WM Act.

Objectives of the WM Act are to provide for the sustainable and integrated management of the water sources
of the state for the benefit of both present and future generations. Water sharing plans (WSPs) made under
the WM Act define the rules for sharing water between consumptive users and the environment.

3.1.1  Water sharing plans

A WSP is a statutory water management instrument prepared under the WM Act. The WSPs set the rules for
sharing water between environmental needs and water users, and between different types of water users
including town supply, rural domestic supply, stock watering, industry, and irrigation. WSPs also set rules for
water trading, which is the buying and selling of water licences and annual water allocations.

WSPs are specific to aquifer systems, which in turn, usually correspond to a Groundwater Management Area
(GMA) or to a surface water system. A licence is required to access water resources regulated under a WSP,
with a request made directly to DPIE-Water if the water resource is not fully allocated. Where the allocation
under a WSP is fully allocated, as is often the case, DPIE-Water may place an embargo on the issue of new
water allocation licenses. In this case, purchasing an existing water access license and/or annual entitlements
is the only mechanism for access to water resources under a fully allocated WSP. Even in this case,
authorisation may be required by DPIE-Water or the Natural Resources Access Regulator (NRAR).

Where no WSP is in place, the access to water is managed under the NSW Water Act 1912. With reference
to the Kahlua pilot, WSPs cover all groundwater sources being intersected or potentially affected by the project.

The WSPs relevant to the Kahlua pilot are:

e The Water Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Resources 2020.
e The Water Sharing Plan for the Namoi Alluvial Groundwater Sources 2020.

These WSPs are discussed in more detail below.

3.1.1.1  Water Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater
Sources 2020 (WPH, 2020a)

These water resources are located within the NSW portion of the Murray Darling Basin and include porous
rock aquifers not included in any other water sharing plan. They also include unmapped alluvial sediments
overlying porous rock groundwater sources and fractured rock sediments that occur within the porous rock
aquifers.

There are four groundwater sources listed within the plan, including the Gunnedah-Oxley Basin (GOB)
Murray-Darling Basin (MDB) Groundwater Source, which is located beneath the Project site.

The GOB groundwater source covers an outcrop area of 1,128,000 hectares with a sub-crop area of
2,860,000 hectares. It includes the Permian, Triassic, Cretaceous and Tertiary rocks associated with the
Gunnedah Basin. At the Kahlua pilot, this includes thin quaternary alluvium and outcropping Napperby
Formation at ground surface. The Napperby Formation continues to depths of at least 695 metres below
ground surface (m bgl) where the Leard Formation was identified in Kahlua 2 (refer Section 4.3).
The Hoskissons Coal, which is present at the location of the pilot well screens, is located at depths of 301 m
to 309 m bgl at Kahlua 2.
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Section 38 of the regulation identifies several exemptions from licensing requirements for water supply work
approval under the WM Act. These include any water supply work used for the purpose of prospecting or
fossicking for minerals or petroleum under the Petroleum (Onshore) Act 1991. Water supply works are defined
in the WM Act include, but are not limited to, a water bore for the purpose of taking water from a source or
a tank for the purpose of storing water. The project would therefore be exempt from water supply work approval
for such works.

3.3 Commonwealth Water Act 2007

The key piece of Commonwealth legislation relating to water is the Commonwealth Water Act 2007.
The primary objectives of the Water Act 2007 are to:
e Manage the Murray-Darling Basin (the Basin) resources in the national interest.

o Promote use and management of the Basin water resources in a way that optimises economic, social,
and environmental outcomes.

e Return to environmentally sustainable levels of extraction.

e Protect, restore, and provide for the ecological values and ecosystem services of the Murray-Darling
Basin.

e Subject to the above, maximise the economic returns to the Australian community.

Part 2, Division 1 of the Act specifies that the Basin resource will be managed by the Commonwealth Basin
Plan 2012 (Basin Plan), which the NSW Government is party to.

3.3.1  Water resource plans

Like the regime under the WM Act, the Water Act 2007 and Basin Plan provide for the making of water resource
plans that set out limits on water take. Under the current arrangements, state governments are responsible for
developing water resource plans that comply with the requirements of the Water Act 2007 and Basin Plan,
which are then submitted for accreditation by the Commonwealth Murray-Darling Basin Authority.

The NSW Government has prepared its water sharing plans in accordance with these requirements, in
particular aligning rules for water take, and accordingly, an assessment against these rules is taken to meet
the requirements of the Water Act 2007 and Basin Plan.

3.4 Environment Protection and Biodiversity Conservation Act 1999

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is the principal
Commonwealth environment law. It protects nine matters of national environmental significance:

e world heritage properties

e national heritage places

o wetlands of international importance

o listed threatened species and ecological communities

e migratory species protected under international agreements

¢ Commonwealth marine areas

o the Great Barrier Reef Marine Park

e nuclear actions (including uranium mines)

e a water resource, in relation to coal seam gas or coal mining.

An action that is likely to have a significant impact on matters of national environmental significance must be
referred to the Minister responsible for the administration of the EPBC Act. After receiving a referral, the
Minister decides whether the action is a controlled action.

The key matter of national environmental significant relevant to this assessment is a water resource, in relation
to coal seam gas or coal mining — also termed “the water trigger”.
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Significant Impact Guidelines 1.3: Coal seam gas and large coal mining developments - impacts on water
resources have been developed to assist parties who propose to take an action to which the water trigger
applies to determine whether it is likely to have a significant impact.

Accordingly, an assessment of whether the project is likely to have a significant impact with regard to the water
trigger, including consideration of the guideline, is provided in Section 8.1.3.

3.5 Policies and Guidelines

3.5.1  NSW Aquifer Interference Policy

Although the WM Act has provision for aquifer interference approvals, this system is not yet in place.
Instead, while the take of water from aquifer interference is governed by the WM Act, the approvals are
generally governed through the NSW EP&A Act in accordance with the NSW Aquifer Interference Policy.

The NSW Aquifer Interference Policy (AIP) (NOW, 2012) was finalised in September 2012 and clarifies the
water licensing and approval requirements for aquifer interference activities in NSW. The AIP adopts the
definition of aquifer interference from the WM Act, which includes:

e The penetration of an aquifer

e The interference with water in an aquifer

e The obstruction of flow of water in an aquifer

e The taking of water from an aquifer in the course of carrying out mining or any other activity prescribed
by the regulations

e The disposal of water taken from an aquifer in the course of carrying out mining or any other activity
prescribed by the regulations.

e The AIP also indicates that an activity with the potential to contaminate groundwater is considered to be
an aquifer interference activity.

The AIP states that aquifer interference approval will not be granted unless the “Minister is satisfied that
adequate arrangements are in force to ensure that there will be no more than minimal harm to any water
source, or its dependent ecosystems, as a consequence of being interfered with” by the activities the approval
relates to. To this end, the AIP sets out “minimal impact considerations” that set a standard as to what can be
considered “minimal harm”.

Accordingly, an assessment of whether the project would have more than minimal harm under the AIP,
including assessment against minimal impact considerations, is provided in Section 6.4.

3.5.2  Other guidance and policies

There are a number of the other NSW and Australian policy and guidance documents that provide additional
clarity on the definitions of key terms used in the groundwater impact assessment framework outlined above.
These include terms such as:

o Beneficial use potential

e Environmental values

o Water quality objectives

The guidelines also include threshold criteria that facilitate a quantitative pathway for defining the above terms.

The relevant guidance and policies are presented in Appendix A and detail the purpose of the document and
how they have been applied to the assessment of impacts against the aforementioned regulatory framework.
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5 Conceptual groundwater model

5.1 Hydrostratigraphic units

The interpreted hydrogeological conditions of the subsurface stratigraphy are shown in Table 5.1, with the
interpreted inter-relationships presented in Figure 4.2. Key characteristics are presented below.

Potential aquifer units in the stratigraphical sequence present in the Project area include:

e Quaternary alluvium (Narrabri and Gunnedah Formations) associated with Coxs Creek. These are not
present at the Project site but are observed about 4 kilometres to the west. Where present, these
sediments are more than 130 metres above the Hoskissons Coal Seam.

e Sandstone units within the Napperby Formation and the Digby Formation (i.e the Ulinda Sandstone).
The Kahlua well completion reports (Appendix B) indicate that the Ulinda Sandstone lies approximately
110 metres to 120 metres above the top of the Hoskissons Coal Seam.

e The Clare Sandstone was observed at the location of Kahlua 1 but has not been identified in the well
completion reports for the remaining Kahlua wells. Where present, it lies approximately 25 metres above
the top of the Hoskissons Coal Seam. Due to its depth, and the presence of other permeable units closer
to the ground surface, the Clare Sandstone is not significantly used as a producing aquifer.

As summarised in Table 5.1, however, significant extraction for irrigation and other intensive uses is typically
only possible from the Quaternary Alluvium. Whilst groundwater can be extracted from higher permeability
sections within the underlying consolidated units including the Napperby Formation and the Digby Formation
bore yields are typically only sufficient to support extraction for stock and domestic uses. Both the Napperby
and Digby formation also include significant proportions of fine material. As shown in the well completion
reports provided in Appendix B the Napperby Formation is typically described as fine to medium sandstone
interbedded with siltstones. Extensive drilling at the Narrabri Mine Project site around 30 kilometres north of
the Project site suggests that the Napperby Sandstone comprises up to 60% fine material (i.e. siltstone,
mudstone and claystone; AGE, 2020). Similarly, whilst the Ulinda Sandstone which forms the uppermost
10 metres of the Digby Formation at the site can be reasonably permeable the underlying Bomera
Congolmerate which is around 26 metres at the Project site is considered to be an aquitard. All other
stratigraphic units present within the area are also expected to act primarily as aquitards, which includes
a~100m thick stratigraphical sequence of the Black Jack Group above the Hoskissons Coal Seam.
As discussed in Section 5.2, the Hoskissons coal seam and other coal rich units in the area including the
Breeza coal seam can also be reasonably permeable but are not typically targeted for water supply purposes
since they are relatively thin and characterised by relatively high salinity groundwater.

5.2 Aquifer parameters

Aquifer hydraulic parameters have been collated from a literature review that included Santos data from Kahlua
Pilot Wells and Longlea 1, a single well located about 5.7 kilometres to the south west of the Project site.
The parameters were used to develop input parameters for groundwater modelling purposes to assess impacts
(Table 5.2)

The hydraulic properties of the Narrabri and Gunnedah Formations (the dominant alluvial aquifers in the area)
are well documented, which was not the case for the underlying bedrock. Comparison of the hydraulic
conductivities between stratigraphic units in Table 5.2 highlights the aquifer yield potential of the Narrabri and
Gunnedah Formations relative to the underlying bedrock formations, and the Digby Formation (i.e. the Ulinda
Sandstone) relative to other bedrock units.

Australasian Groundwater and Environmental Consultants Pty Ltd A AG E
19  SAN5001.001 — Kahlua Pilot Reactivation Groundwater Assessment — v02.01


















The analytical results from AQTESOLYV are presented in Appendix D. Since these results relate to a large
scale pumping test of the Hoskissons coal seam they have been used in preference to the parameter values
for this unit presented in Table 5.2 (which were based on small scale DST test results and data for the
Sunnyside mine in Gunnedah) for the assessment of impacts (Section 6). Interestingly the hydraulic
conductivity values returned by the pumping test (5x10-3 and 1x10-2 m/day) are lower than returned by the DST
tests. This may be related to faulting and/or fracturing of the coals which can reduce the bulk hydraulic
conductivity of coal seams by creating discontinuities within the coal which act to restrict to lateral flow.
In particular the relatively low hydraulic conductivity values returned by the pump test analysis may be related
to the nearby faults and compartmentalisation of the coal seam which was discussed above in Section 4.3.3.
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Figure 5.2 Distance drawdown plot for the 2011 Kahlua pilot data after 76 days of pumping

5.4 Groundwater levels and flow directions

Consistent with the topography shallow groundwater flow in the area is reported to be generally to the north
within the Coxs Creek (Zone 2) and Mooki River (Zone 3) alluvium areas (Dol 2019b). There is insufficient
groundwater level data to interpolate groundwater level contours for the underlying bedrock units, however,
natural flow directions in these units are also likely to be towards the north. These strata, however, generally
dip towards the west and hence westerly flow is possible in some deeper units.

Figure 5.3 shows groundwater elevations for selected monitoring points to highlight the characteristics of the
main aquifers systems in this area and the differences between aquifer systems. Groundwater monitoring point
locations are shown in Figure 5.4. The following key features are noted:

e Groundwater levels in the alluvial aquifer system associated with Cox’s Creek suggest downward head
gradients possibly related to increased groundwater abstraction from the deeper sections within the
alluvium. The greater groundwater level fluctuation in the deeper wells supports this conclusion.

e Rest groundwater levels in the majority of the bedrock monitoring points including the nested monitoring
point (GW093068) appear to be above those in the alluvium suggesting an general upward hydraulic
gradient from the underlying bedrock aquifers towards the alluvial systems.

e The relative differences in bedrock groundwater elevations between the Kahlua pilot wells, the SAMBs
and GW093068 tend to confirm a general westerly groundwater flow direction within some bedrock
units, in line with the interpreted dip in geology (see Figure 4.2).
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¢ Atthe Project site, while there is no time-based overlap between the groundwater elevation observations
in the Kahlua wells and the SAMBSs, given the observed differences in rest water levels of more than
10 m, the following inferences are noted:

— Groundwater levels in the SAMBs (Digby, Napperby and Trinkey Formations) appear to be high
relative to those in the surrounding aquifers/aquitards. In addition, Golder Associates (2010)
reported elevations in Santos Bore ID 2120, screened in the Napperby Formation, to be 292.21
metres AHD in June 2010.

— This suggests the presence of a significant hydraulic barrier (aquitard) between the Napperby
Formation, Digby Formation, and the underlying Hoskissons Coal Seam.

e Observed groundwater levels in WaterNSW monitoring well GW093067 which is located around two
kilometres to the north of the Kahlua pilot and close to the mapped fault in this area are around 50 metres
lower than observed at the Project site. Reference to the logged depth and lithology of this hole suggests
it is completed into the Hoskissons coal seam. This suggests that the bore may be located to the north
of the fault and that this fault is causing a major discontinuity in levels in the coal seam at this location.

55 Groundwater surface water interaction

The following provides a summary of the groundwater — surface water interactions:

e In areas which are not heavily developed the Mooki River and Coxs Creek are considered likely to be
connected to the underlying unconsolidated sediment (alluvium and colluvium) aquifer system, although
groundwater levels are known to be significantly below these streams in reaches where groundwater is
being used more intensively.

e Recharge to these alluvial systems is likely to comprise diffuse rainfall recharge with significant influx of
additional recharge via leakage from the creeks during flood periods

A review of the surface water flow data for Coxs Creek from the WaterNSW real time data website for Tambar
Springs (located about 44 kilometres south of the project site and upstream) and at Boggabri (located about
30 kilometres north of the project and downstream) suggests losing conditions in Coxs Creek between Tambar
Springs and Boggabri. This tend to support the conclusions presented by Golder Associates (2010) that Coxs
Creek is primarily losing water to the underlying alluvium rather than gaining groundwater flow within the
Project area.

As shown in Figure 4.2 interpolated groundwater elevations in the alluvium are generally below creek bed
levels (>10 m below ground surface), which is consistent with the WaterNSW monitoring bore water level data
presented in Figure 5.3, which shows groundwater at a depths of approximately 14 m bgl in the alluvium west
of the Kahlua pilot.

Shallow groundwater in other residual soils and minor alluvium associated with other creeks is less well
characterised. The presence of ephemeral creeks (for example Collygra Creek) and farm dams along these
creek systems suggests that groundwater discharge to these tributary creeks is also limited. The nearest
shallow wells with groundwater table measurements include monitoring bores GW966645 (5 metres deep),
GW966647 (5.4 metres deep), GW966648 (3.9 metres deep), GW9I66649 (7.7 metres deep) and GW966650
(6.3 metres deep); all located approximately 3.5 kilometres south east of the Kahlua pilot. These wells are
located in the upper reaches of Collygra Creek in the vicinity of a large farm dam. Water levels in these wells
were generally monitored intermittently (7 to 13 times in each well) between 1992 and 1997 with groundwater
elevations ranging from between 1.5 and 7.2 m bgl. Within each well the range in groundwater observations
varied between 0.7 metres and 3.11 metres. The groundwater elevations in GW966645 and GW966647 are
most likely representative of baseline variability in shallow groundwater elevations (13 manual readings in each
well between 1992 and 1997 with ranges of 2.42 m and 3.11 m respectively) as they have the longest data
records relative to other wells and/or they are located upgradient and distant from farm dams. There is no
lithological information available for the wells, however, logs for surrounding deeper bores suggest that the
wells are likely to be screened in surficial clays or perched water on the top of shale bedrock.
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5.6 Groundwater extraction

5.6.1 Registered groundwater bores

The location of 75 registered potential water supply groundwater bores within six kilometres of the Kahlua 2
well, as obtained from the National Groundwater Information System (NGIS) website in May 2022 is presented
in Figure 5.5. The bores are also listed in Appendix E and identified as being used to extract groundwater for
stock and domestic, water supply, irrigation, commercial industrial and unknown purposes, broken down as
follows:

e 17 bores are identified as being for general water supply purposes;

e 27 are used for stock and domestic purposes;

e 13 are used for irrigation purposes; and

e 18 bores have unknown uses.

Unfortunately, information on the aquifer or even the stratigraphic unit intersected by each water supply bore
is not recorded in either state or national databases. Nevertheless, this missing information is critical for
understanding the potential for impact on other existing groundwater users and must therefore be added, as
far as possible using the information which is available. As shown in Figure 5.6 each water supply bore has
therefore been attributed to one of the hydrostratigraphic units present in the area using the following workflow:

e Aninterpolated base of Digby Formation surface was developed initially, using information on the logged
elevation of this surface in the Kahlua boreholes and ground elevation at the mapped boundary between
the Digby Formation and the underlying Black Jack Group (Figure 4.1)

e The elevation of the other key hydrostratigraphic surfaces were then calculated relative to the base of
the Digby Formation based on their logged average thicknesses at the Kahlua bores.

e Each bore was then initially attributed to a hydrostratigraphic unit based on the total bore depth.

e These initial attributions were then reviewed to ensure consistency with the mapped outcrop geology at
each location and based on bore construction and/or lithology information extracted from NGIS
(where available).

Final bore attributions for each of the potential 75 water supply bore are shown in Figure 5.6 and listed in
Appendix E and are broken down as follows:

e Nine water supply bores were attributed to Quaternary alluvium;

¢ 10 water supply bore were attributed to the Glenrowan intrusive or the Garrawilla Volcanics;

e 37 water supply bores to the Napperby Formation;

e Six bores to the Digby Formation (Ulinda Sandstone);

o Twelve bores, which are all located in the upthrown fault block to the north-east of the Project site, to
the Black Jack Group (predominantly the Wallala Formation, Breeza coal measures, Benelabri
Formation); and

e One bore could not be attributed since there was no depth or other relevant information in the NGIS
database.

As shown in Figure 5.6 almost all of the bores in close proximity to the Project site are thought to be screened
in either the Napperby Formation, which is also present at outcrop in the area, or the underlying Digby
Sandstone. Hence, based on average strata thicknesses at the Project site these extractions are separated
from the Hoskissons coal seam targeted by the Kahlua pilot by more than 120 m of intervening strata
comprising the:

e Benelabri Formation, 26 metres of fine grained sandstone and carbonaceous mudstone;

e Breeza coal measures, three metres of tuff with coal fragments;

e Wallala Formation, 31 metres of medium grained sandstone and conglomerate;

e Trinkey Formation, 28 metres of tuff with coal bands; and the

¢ Digby Formation (26 metres of conglomerate overlain by 10 metres of sandstone).
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As shown in Figure 5.6 no groundwater supply bores were identified within one kilometre of the Kahlua pilot.
Further details relating to the five closest potential water supply bores to the pilot are as follows:

e (GWO026532 — Water supply bore of unknown status, installed in 1966 into the Napperby Formation to
a depth of 82.3 metres. It is located about 1.74 kilometres south-east of Kahlua 2 and extracts water
from around 230 metres above the estimated top of the Hoskissons coal seam at this location.

e (GWO027074 — Bore of unknown purpose and status, installed in 1965 into the Napperby Sandstone to
a depth of 54.9 metres. It is located approximately 1.87 kilometres south-east of Kahlua 2 and extracts
water from around 260 metres above the estimated top of the Hoskissons coal seam at this location.

e (GWO027071 — Irrigation bore of unknown status, installed in 1967 into the Napperby Sandstone to
a depth of 68.6 metres. It is located approximately 1.75 kilometres north-east of Kahlua 2 and extracts
water from around 220 metres above the estimated top of the Hoskissons coal seam at this location.

e (GWO027072 — Irrigation bore of unknown status, installed in 1965 into the Digby Sandstone to a depth
of 109.7 metres. It is located approximately 1.94 kilometres north-east of Kahlua 2 and extracts water
from around 118 metres above the estimated top of the Hoskissons coal seam at this location.

e GWO027073 - Irrigation bore of unknown status, installed in 1965 into the Digby Sandstone to a depth
of 160 metres. It is located approximately 1.46 kilometres northeast of Kahlua 2 and extracts water from
around 90 metres above the estimated top of the Hoskissons coal seam at this location.

5.6.2  Groundwater entitlements

As discussed in Section 3.1.1, there are two primary water-sharing plans that overlap the Project area:

e The Murray-Darling Basin Porous Rock Groundwater Sources — Gunnedah Oxley Basin.

e Namoi Alluvial Groundwater Sources - Zone 2, Zone 3 and Zone 4. These are alluvial groundwater
resources associated with Coxs Creek (Zone 2), Mooki River (Zone 3) and the Namoi River (Zone 4).

The groundwater source entitlements are discussed in detail in Section 3.1.1, with the following points noted
in regard to the available water within each source:

e Thirty-four percent of the porous rock source is allocated, which suggests that there is available water
that can be obtained for the Project.

e One hundred percent of the Namoi Alluvium Groundwater Sources are allocated. This suggest that this
aquifer is highly sensitive and any reduced take impacts associated with the Project may be considered
to be significant by regulators.

The BOM groundwater information insight webpage (BOM, 2020b) provides details of the distribution of the
groundwater entitlements within the vicinity of the project site (refer Figure 5.7). The data presented is not
available for detailed interrogation or download with the website indicating that the data presented is limited to
the data collected and supplied by relevant state water agencies. Key features include:

e The entitlements are primarily located within alluvial aquifers along Coxs Creek, and the Mooki and
Namoi Rivers.

e There are a number of entitlements within the Coxs Creek alluvium directly to the west of the project
area. The nearest entitiement within the alluvium is expected to be about 9 kilometres east northeast of
the Project site. The entitlements, with one exception, are all less than 500 ML/yr.

e There are four entitlements within Murray-Darling Basin Porous Rock Groundwater Sources —
Gunnedah Oxley Basin. This includes:

— One about 3 kilometres to the south.
— Three about 8 kilometres to the east northeast and northeast.
— The entitlements are all less than 500 ML/yr.
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5.7 Environmentally sensitive areas

Figure 5.8 and Figure 5.9 present the location of groundwater dependent and inflow dependent aquatic and
terrestrial ecosystems (GDEs and IDEs) respectively, as presented in the BOM GDE atlas (BOM, 2020b). It is
noted that the information presented on these figures are different to the ‘high priority’ groundwater dependent
ecosystems listed within the relevant NSW water sharing plan, which the water sharing plan rules apply to.

The information presented in Figure 5.8 and Figure 5.9 may be summarised as:

e A number of terrestrial GDEs have been identified in the vicinity of the Project site. The GDEs are
primarily terrestrial (vegetation) based ecosystems. Within five kilometres of the project site, they are
generally categorised as low to moderate potential GDEs. High potential terrestrial GDEs on the BOM
GDE atlas and located within 10 kilometres of the project site include:

— Shallow freshwater wetland sedgeland in depressions on inland alluvial plains and floodplains.

— White Box grassy woodland to open woodland on basalt flats and rises in the Liverpool Plains
sub-region.

— White Box grass shrub hill woodland on clay to loam soils on volcanic and sedimentary hills in the
southern Brigalow Belt South Bioregion.

— Water Couch marsh grassland wetland of frequently flooded inland watercourses.

— Black Tea-tree - River Oak - Wilga riparian low forest/shrubland wetland of rich soil depressions in
Brigalow Belt South Bioregion.

— Poplar Box - Yellow Box - Western Grey Box grassy woodland on cracking clay soils mainly in the
Liverpool Plains.

e The nearest high probability GDEs appear to be associated with Collygra Creek located about four
kilometres to the west and north west of the project site. The Namoi Alluvium WRP resource description
(Dol, June 2019b) includes maps of high probability GDEs, which also identify these GDEs as being of
high potential. The WRP indicates that these GDEs are of low to medium ecological value.

e A number of terrestrial IDEs have also been identified in the vicinity of the Project site. Terrestrial IDEs
are vegetation that directly relate to the terrestrial GDEs listed above. The IDEs are ranked from one to
ten based on their reliance on water sources other than rainfall (i.e., surface and groundwater), one
having a low likelihood and 10 having a high likelihood of reliance. Within five kilometres of the project
site, they are generally categorised as IDEs that are likely to highly likely to rely on groundwater inflow.

¢ No aquatic IDEs or GDEs are present within 10 kilometres of the project site. Those present are primarily
associated with surface water features including Coxs Creek (11.8 kilometres to the west) and the Namoi
River (23.3 kilometres to the east).

There are no high priority GDEs or karst environments listed in the relevant water sharing plans within
10 kilometres of the project site. The nearest high priority GDEs listed in a water sharing plan are:

e Tigheys Spring — 39.4 kilometres south-west (MDB Groundwater Sources Gunnedah—Oxley Basin).
e Porter's Camp Spring — 57 kilometres south-east (MDB Groundwater Source New England Fold Belt).

5.7.1  Groundwater dependent culturally significant sites

No specific groundwater dependent culturally significant sites are listed in the relevant water sharing plans for
this area, however, protecting groundwater dependent ecosystems identified above will intrinsically provide
protection to any groundwater dependent systems that are considered to be culturally significant.
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5.8 Groundwater quality

5.8.1  Historical groundwater quality data

As part of this assessment GHD undertook a review of water quality data reported in Golder Associates (2010).
Data included 157 groundwater samples collected in the vicinity of the Project site from the following sources:

e Pinneena database (21 samples).

e Selected data from the PhD thesis by Lavitt (1999), which included groundwater data collected by the
author (78 samples) and a compilation of data from the Department of Land and Water Conservation
(DLWC; currently NOW) database (26 samples), Bradd et al. (1994) (11 samples) and Acworth and
Jankowski (1997) (six samples).

e Groundwater bores around the Project site, which were sampled as part of the Santos Bore Inventory
program (six samples).

e Available chemical analyses from Longlea 1 (nine samples).

5.8.1.1 Water quality parameters assessed

The groundwater chemistry data assessed in the Golder Associates (2010) report included data collected over
a period of 33 years, with the majority of data collected between 1992 and 1996. The groundwater quality
assessment included analyses of pH, electrical conductivity (EC), total dissolved solids (TDS) and major ion
chemistry.

5.8.1.2  Stratigraphic changes in water quality

Groundwater within the Quaternary alluvium (Narrabri/Gunnedah Formations) was found to contain slightly
acidic to alkaline groundwater, with pH ranging between 6.0 and 8.7 and a mean pH of 7.54. The groundwater
was generally found to be fresh (with mean TDS of 1,057 mg/L and mean EC of 1,557 uS/cm). A TDS of less
than 1,000 mg/L was observed in 79% of the samples and a slightly brackish TDS (1,000 mg/L — 3,000 mg/L)
in 18% of samples. Three samples reported brackish (TDS 3,000 mg/L — 10,000 mg/L) water and one sample
reported saline water (TDS 10,000 mg/L — 100,000 mg/L).

Slightly brackish and saline groundwater was generally observed in the upper clay-rich aquifers
(Narrabri Formation 53%) while mostly fresher water was observed in the Gunnedah Formation (93%).
The dominant water type in this formation represents combinations of sodium, magnesium, calcium
bicarbonates, chloride and to a lesser extent, sulphate.

Groundwater pH values in the Gunnedah Basin Sequence (excluding coal seams) fell within the range of pH
7 to 8 (with a mean pH of 7.27). The salinity data had a mean TDS of 1,712 mg/L (mean EC of 2,463 uS/cm)
with a min and max of 502 mg/L and 3,198 mg/L respectively. The majority of samples (90%) were classified
as fresh to slightly brackish. The dominant water type in these formations were combinations of sodium and
magnesium, and bicarbonate and chloride.

The Hoskissons Coal Seam forms part of the Gunnedah Basin Sequence. Six groundwater samples were
available for the Hoskissons Coal Seam from surrounding areas. Groundwater within the Hoskissons Coal
Seam returned higher pH values (mean of 7.97, range between 7.4 to 8.5), higher EC (mean of 5,337 uS/cm)
and higher TDS (mean of 3,240 mg/L) than groundwater observed within the Quaternary alluvium
(Narrabri/Gunnedah Formations) and other Gunnedah Basin Sequence formations.

In general, groundwater was observed to be fresh to slightly brackish in non-coal seam formations, and more
saline within coal seams. Generally, salinity was found to be lowest within the Quaternary alluvium, followed

by the Napperby/Digby formations, with the highest salinity found in Hoskissons Coal Seam, suggesting that
salinity generally increases with depth.
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6 Impact assessment

6.1 Impact assessment approach

The approach used herein was to assess groundwater drawdown associated with the proposed activity
including the operation of the Project against relevant Australian and NSW groundwater assessment criteria.

Impacts have been assessed using a relatively simple numerical modelling approach (Section 6.3) which is
considered to be commensurate with the temporary nature, scale and hence environmental risks posed by the
proposed extraction. Average extraction from the re-activated pilot is expected to be 24 m3/d equivalent to less
than 0.3 litres per second or 9 Megalitres per year (ML/year). As such this is a minor extraction equivalent to
an additional temporary stock and domestic extraction. As show in Figure 5.7 many of the existing permanent
groundwater entitlements in the area are licensed for over 100 ML/year, more than 10 times the expected
extraction rate from the reactivated pilot.

Predicted drawdown impacts, as calculated using the numerical model were then compared against the
applicable assessment guidelines to identify any potentially adverse impacts. The criteria adopted for the
assessment of groundwater impacts are presented in Section 6.2 and discussed in more detail in Section 6.4.

Proposed mitigation and monitoring measures are outlined in Section 7.

6.2 Assessment criteria

The criteria/rules adopted for the assessment of impacts included the:
e Water sharing rules contained in the Water Sharing Plan for the Murray-Darling Basin Porous Rock
Groundwater Resources 2020, including the LTAAEL.

e Water sharing rules contained in the Water Sharing Plan for the Namoi Alluvial Groundwater Sources
2020 (Zone 2), including the LTAAEL.

o NSW AIP minimal impact criteria for alluvial water sources.
e NSW AIP minimal impact criteria for porous rock water sources.
e Significant impact threshold for the water trigger under the EPBC Act.

Further detail on these criteria and the rationale for how these criteria intrinsically cover other relevant NSW
policies and guidelines is provided in Section 3.

6.3 Numerical modelling

6.3.1  Model structure and initial parameterisation

Additional groundwater level drawdown as a result of the proposed development has been assessed using
a simple multi-layer numerical model developed using MODFLOW-USG (Panday et al., 2013). The layering
system and initial properties adopted for each layer used in the predictive model are summarised in
Figure 6.1. This layering system was developed using the workflow described below. All layers were assumed
to be of constant thickness and flat.

Initially, based their lithological descriptions, each hydrostratigraphic unit was defined as being either an aquifer
or aquitard and represented using single layers, or defined as being a mixed aquifer/aquitard unit and
represented using at least one pair of aquifer and aquitard layers. The following units were defined as aquifers:

e The Quaternary alluvium and intrusive Volcanics;

e The Ulinda Sandstone of the Digby Formation;

e The Breeza coal measures; and

e The Hoskissons coal seam.
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The following units were defined as aquitards:

o The Bomera conglomerate of the Digby Formation; and
e The Trinkey Formation, since it typically comprises tuff with coal bands.

Since the Bomera conglomerate directly overlies the Trinkey Formation then a single model layer was used to
represent the above two aquitard units.

The remaining units were defined as being mixed aquifer/aquitard units as follows:

o The Napperby Formation (interbedded fine to medium grained sandstone and siltstone);
e The Wallala Formation (medium grained sandstone and conglomerate);
e The Benelabri Formation (interbedded fine grained sandstone and carbonaceous mudstone)

e The Black Jack Group underlying the Hoskissons coal seam comprising the Arkarula Formation
(sandstone and siltstone) and Pamboola Formation (sandstone, siltstone, coal and tuff; and

e The Watermark Formation (sandstone, siltstone with some intrusive material).

As shown in Figure 6.1 the Napperby Formation was then further subdivided equally into five pair of aquifers
and aquitards since it is:

e substantially thicker than the other potentially affected formations overlying the Hoskissons coal seam
at the Project site; and

e the target for the majority of the existing groundwater supplies in the Project area.

The use of multiple layers for the Napperby Formation also enabled the more accurate location of existing
water users within the Napperby Formation. Given the interbedded nature of this unit impacts and hence low
expected vertical hydraulic conductivity, on account of the multiple siltstone units present, then impacts will
tend to be significantly different at the top of the Napperby Formation than at the bottom.

Horizontal Vertical
hydraulic hydraulic | Specific Hydraulic
conductivity, | conductivity, |Storage, Ss| Specific |Transmissivity, | Storativity, | resistance,
Formation Layer ID | Layer Type | Thickness (m) [  Kh (m/d) Kv (m/d) (1/m) Yield, Sy T (m%d) S() c(s)
Quaternary 1 Aquifer 20 6.0E+00 6.0E-01 NA 0.1 120 0.1
2 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
3 Aquifer 28 1.5E+00 15E-01 1.0E-05 NA 42 2.80E-04
4 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
5 Aquifer 28 15E+00 15E-01 1.0E-05 NA 42 2.80E-04
6 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
Napperby 7 Aquifer 28 1.5E+00 15E-01 1.0E-05 NA 42 2.80E-04
8 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
9 Aquifer 28 1.5E+00 15E-01 1.0E-05 NA 42 2.80E-04
10 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
11 Aquifer 28 1.5E+00 15E-01 1.0E-05 NA 42 2.80E-04
12 Aquitard 1 8.0E-02 8.0E-03 1.0E-05 NA 1.00E-05 | 1.08E+07
Digby Sandstone 13 Aquifer 10 15E+00 1.0E-02 1.0E-05 NA 15 1.00E-04
Digby Conglomerate /Trinkey 14 Aquitard 54 3.0E-04 3.0E-05 1.0E-05 NA 5.40E-04 | 156E+11
Wallala 15 Aquifer 30 1.1E+00 1.1E-01 1.0E-05 NA 33 3.00E-04
16 Aquitard 1 3.0E-04 3.0E-05 1.0E-05 NA 1.00E-05 | 2.88E+09
Breeza / Benelabri 17 Aquifer 28 1.1E+00 1.1E-01 1.0E-05 NA 30.8 2.80E-04
Benelabri 18 Aquitard 1 3.0E-04 3.0E-05 1.0E-05 NA 1.00E-05 | 2.88E+09
Hoskissons 19 Aquifer 8 8.0E-03 8.0E-04 1.0E-05 NA 0.064 8.00E-05
20 Aquitard 1 4.0E-03 4.0E-04 1.0E-05 NA 1.00E-05 | 2.16E+08
Lower Black Jack -
21 Aquifer 50 1.1E+00 1.1E-01 1.0E-05 NA 55 5.00E-04
a— 22 Aquitard 1 4.0E-03 4.0E-04 1.0E-05 NA 1.00E-05 | 2.16E+08
23 Aquifer 163 1.1E+00 1.1E-01 1.0E-05 NA 179.3 1.63E-03

Figure 6.1 Numerical model layers and initial properties
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6.4 Predicted impacts
6.4.1 Drawdown

Forward predictions were undertaken assuming 24 m?®/d of extraction from the reactivated Kahlua pilot for
a period of 730 days. Predicted drawdown at the end of the extraction period were then extracted for each
modelled aquifer, plotted in GIS and used to predict drawdown at each of the registered water supply bores
within six kilometres of the Project site. Drawdown predictions for the Hoskissons coal seam (i.e. the pumped
aquifer, model layer 19) after 730 days pumping are presented in Figure 6.2. Predicted drawdowns in each of
the under and overlying modelled aquifer units are less than 0.1 m and contours have not been produced for
other units. Predicted impacts therefore do not extend beyond the Coogal sub-group of the Black Jack group,
which the target Hoskissons coal seam forms part of (Table 5.1). As shown in Figure 6.2 whilst minor drawdown
(0.1 to 0.5 metres) is predicted in the Hoskissions coal seam underneath the Cox’s creek alluvial area, which
forms part of the Namoi Alluvium Groundwater Source (Zone 2), the seam is present at around 500 metres
below ground surface at this location (Figure 4.2). Accordingly, no impact (i.e zero drawdown) is predicted on
groundwater levels in the surficial alluvium.

As shown in Figure 6.2 drawdowns in the Hoskissons coal seam predicted using the numerical model, which
assumes constant layer thicknesses and elevations, have been truncated at the mapped locations of the faults
to the north-east and east of the site. As discussed in Section 4.3.3 the strata on the far side of both of these
faults appear to have been significantly upthrown such that the Project site sits within a downthrown block.
Whilst the hydrogeological characteristics of these faults are not known it is considered highly unlikely that
drawdown impacts in the Hoskissons coal seam could propagate across these faults, irrespective of whether
they act as barriers or conduits to flow. It is considered most likely that they will act as flow barriers, since for
flow to occur across the mapped fault planes then the Hoskissons coal seam would have to be juxtaposed
against another strata with relatively high permeability and the fault itself would also have to characterised by
relatively high permeability. However, the relatively high proportion of fine, low permeability material present
in most of the strata present means that the probability of the Hoskissons being juxtaposed against unit with
similar or higher permeability is low. Furthermore, the presence of clay rich siltstones and mudstones within
the strata combined with the relatively large displacements (60 to 125 metres) means that clay smearing or
shale gouge (Smith, 1966) along the fault plane is likely, such that the fault itself is also likely to restrict flow.
Even where clay smearing has not occurred and the fault has lead to fracturing and permeability enhancement
such that the fault acts as a conduit to flow then this would also result in little or no drawdown on the far side
of the fault, since drawdown would instead to propagate along the fault. Accordingly, there are few if any fault
settings which could result in any significant drawdown propagation across these two faults and the modelled
drawdowns have been clipped accordingly. Conversely, however, the mapped fault immediately south of
Kahlua 2 appears to be a relatively minor feature which was not picked up during drilling at the pilot site and
its effects are also not evident in the geological mapping (Section 4.3.3). The 2011 pilot test results also
suggested drawdown to the south of this fault (Section 5.3). Accordingly model predicted drawdowns to the
south of the pilot site have not been clipped.

It should also be stressed that as shown in Figure 6.2 only two of the water supply bores (GW971585 and
GWO000334) on the far side of the fault to north east of Kahlua are thought to be deep enough to penetrate into
the Hoskissons coal seam. In the unlikely event that the mapped fault in this area has no effect on lateral
drawdown propagation within the coal seam then model predictions suggest that up to 1 m of drawdown could
occur at GW000334 and 0.1 m at GW971585. The remaining bores on the far side of this fault all target
shallower units and hence are not predicted to experience more than 0.1 m of drawdown irrespective of the
hydraulic behaviour of the fault.

Predicted drawdown at known water supply bores are summarised in Table 6.2. As shown none of the existing
privately owned water supply bores are predicted to experience more than the two metre minimal impact
threshold identified in the AIP.
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6.4.2 Impact on GDEs

With regard to water table impacts at GDEs since no impacts of greater than 0.1 m are predicted on any units
which occur at outcrop then no impact on the water table at any GDEs are expected. Accordingly, the project
can be considered to have “minimal harm” against the minimal impact considerations.

6.4.3  Additional take from water sharing plan areas

The NSW AIP requires that additional groundwater takes (both direct and indirect) from water sources which
feature in WSPs be accounted for. Groundwater reporting to the Project pilot wells represents a direct take
from Permian age units, primarily the Hoskissons coal seam, which forms part of the Gunnedah-Oxley Basin
MDB Groundwater Source. Any impacts on Namoi Alluvium Groundwater Source would be indirect since they
result from depressurisation of the underlying Permian strata and there is no direct extraction from these units.
However, no drawdown impacts are predicted on any alluvial areas which form part of the Namoi Alluvium
Groundwater Source (Section 6.4.1) and hence no additional indirect take is expected to occur from other
WSP water sources.

Conversely, the expected direct take of 24 m3/d (or around 9 ML/yr) on average from the Hoskissons coal
seam exceeds the NSW water management (general) regulation (2018) of 3 ML/yr which also applies to
exploration activities. Additional licences for extraction from the Gunnedah-Oxley Basin MDB Groundwater
Source would therefore need to be acquired, despite the temporary nature of the extraction. However, this
groundwater source is currently significantly under-allocated and has had several controlled allocation periods
of interest between 2017 and 2020. Most recently, the Controlled Allocation Order (Various Groundwater
Sources) 2020 offered 4,043 shares of the Gunnedah-Oxley Basin MDB Groundwater Source.

6.4.4  Water quality impacts

Since predicted impacts do not extend beyond the Hokissons coal seam and adjacent units which all form part
of the Coogal sub-group of the Black Jack Group then no impacts on groundwater quality are anticipated.
In particular drawdown in, and hence the volume of water drawn from overlying units, is expected to be
negligible and hence the proposed extraction will primarily involve the removal of 17,520 m3 (24m3/d over
a 730 day period) from storage within the Hoskissons coal seam and other immediately adjacent strata.
Furthermore few, if any, existing water supply bores target the affected units on account of their depth and low
beneficial use potential (Section 5.8.2).
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7 Mitigation and monitoring measures

Consistent with the temporary nature and depth of the extraction and the relatively minor volumes to be
extracted (9 ML/yr over two years or 18 ML total) minimal impacts are predicted on existing water users
including local GDEs. Accordingly, no impact mitigation measures are considered necessary at this stage.
Nevertheless, the following monitoring activities are proposed to confirm that actual impacts are negligible:

e Monitoring of daily extraction rates (in pumping wells) or groundwater levels (in non-pumping wells) in
each of the Project pilot wells will be undertaken on a daily basis throughout the extraction period.

e Collation and review of groundwater level data from all available NSW state monitoring points within
10 km of the site (Figure 5.4, including in particular GW093067) for any evidence of impact twelve
months after commencement of extraction and then again after completion of the pilot.

e Review results to be reported to the NSW Office of Water, highlighting any impacts in excess of those
predicted, within eight weeks of the 12 month and 24 month anniversary of pilot commencement.

A summary of the proposed monitoring plan is provided below in Table 7.1, monitoring locations are shown in
Figure 7.1.
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8 Conclusions

The Kahlua pilot project has been assessed against the relevant NSW state and Australia federal groundwater
impact assessment criteria. This has included relevant, and recently issued, water sharing plan rules for the
MDB porous rock groundwater source (Gunnedah Oxley Basin) and the Namoi Alluvial groundwater source
(Zone 2), the NSW AIP minimal impact considerations and the EPBC Act water trigger criteria.

A summary of the impact assessment results is provided below. Consistent with the temporary nature and
depth of the extraction and the relatively minor volumes to be extracted impacts are expected to be negligible.

8.1 Interpreted impacts

8.1.1  Groundwater take

The proposed pilot reactivation will involve a direct take from Permian age units, primarily the Hoskissons coal
seam, which forms part of the Gunnedah-Oxley Basin MDB Groundwater Source. As such the expected direct
take of 24 m3/d (or around 9 ML/yr) exceeds the NSW water management (general) regulation (2018) threshold
of 3 ML/yr which also applies to exploration activities. Additional licences for extraction from the
Gunnedah-Oxley Basin MDB Groundwater Source will therefore need to be acquired, despite the temporary
nature of the extraction. However, this groundwater source is currently significantly under-allocated and has
had several controlled allocation periods of interest between 2017 and 2020. Most recently, the Controlled
Allocation Order (Various Groundwater Sources) 2020 offered 4,043 shares of the Gunnedah-Oxley Basin
MDB Groundwater Source.

Indirect take from other overlying WSP units is expected be neglible since predicted drawdown impacts do not
extend beyond the Coogal sub-group of the Black Jack Group, which the Hoskissons coal seam forms part of.

8.1.2  Aaquifer interference policy

Predicted drawdown impacts do not extend beyond the Coogal sub-group of the Black Jack Group (i.e. around
300 m below ground at the Project site). As such no impacts on water levels and/or water quality at sensitive
receptors including existing water supply bores which target shallower units and surficial GDEs and IDEs are
predicted.

8.1.3 EPBC Act water trigger

As discussed above in relation to the NSW AIP, predicted impacts are expected to be minor or negligible and
temporary and are therefore unlikely to result in reduction in the current and future utility of affected aquifers.
As such, the impacts are not considered to represent a ‘significant impact’, and therefore, are interpreted not
to require referral under the EPBC Act water trigger.

8.2 Monitoring

While impacts are expected to be negligible, a monitoring program is proposed in order to validate the
assessment predictions and inform any future development assessments that may be required. In addition to
monitoring of extraction volumes and/or groundwater levels in the Project pilot wells data from a number of
existing nearby groundwater level monitoring points will be collated and reviewed after 12 and 24 months of
commencement of operation. Review results would then be provided to the NSW Office of Water, highlighting
any evidence of impacts in excess of those predicted, within eight weeks.

Due to the temporary nature of the proposed extraction and minor nature of the predicted impact no water
level or water quality triggers have been identified at this stage.
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NSW State Groundwater Policy Framework Document

The objective of the NSW State Groundwater Policy Framework Document (Department of Land and Water
Conservation (DLWC) (1997) is to manage the State’s groundwater resources so that they can sustain
environmental, social and economic uses for the people of NSW. The NSW groundwater policy has three
component parts:

e NSW Groundwater Quantity Protection Policy (DLWC, 1997a)
e NSW Groundwater Quality Protection Policy (DLWC, 1998)
o NSW Groundwater Dependent Ecosystems Policy (DLWC, 2002)

NSW Groundwater Quantity Protection Policy

The principles of this policy include:

e Maintain total groundwater use within the sustainable yield of the aquifer from which it is withdrawn.
e Groundwater extraction shall be managed to prevent unacceptable local impacts.

e All groundwater extraction for water supply is to be licensed. Transfers of licensed entitlements may be
allowed depending on the physical constraints of the groundwater system.

These principles are implemented under the NSW Water Management Act 2000 and the AIP, which have been
discussed above.

NSW Groundwater Quality Protection Policy

The objective of this policy is the ecologically sustainable management of the State’s groundwater resources
so as to:

e Slow and halt, or reverse any degradation in groundwater resources.

o Direct potentially polluting activities to the most appropriate local geological setting to minimise the risk
to groundwater.

e Establish a methodology for reviewing new developments with respect to their potential impact on water
resources that will provide protection to the resource commensurate with both the threat that the
development poses and the value of the resource.

o Establish triggers for the use of more advanced groundwater protection tools such as groundwater
vulnerability maps or groundwater protection zones.
These objectives are considered by assessing the project against the requirements outlined in the relevant
WSP and the AIP. This includes incorporating the environmental values (beneficial use category) and trigger
values outlined in National Water Quality Management Strategy (NWQMS), presented below, into the impact
assessment criteria outlined into the AlP.

NSW Groundwater Dependent Ecosystems Policy

This policy was designed to protect ecosystems that rely on groundwater for survival so that, wherever
possible, the ecological processes and biodiversity of these dependent ecosystems are maintained or restored
for the benefit of present and future generations.

The objectives of this policy are considered by assessing the project against the requirements outlined in the
WSP and the AIP. This includes criteria to be protective of groundwater dependent ecosystems.

Australian Drinking Water Guidelines

The Australian Drinking Water Guidelines (ADWG) (NHMRC, 2013) provide a framework for the appropriate
management of drinking water supplies to achieve a safe and appropriate point of supply. The guidelines
provide a base standard for aesthetic and health water quality levels.

Groundwater in the WSP for the alluvial groundwater sources has drinking water listed as a beneficial use and
therefore these criteria need to be considered in the assessment of impacts.
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National Water Quality Management Strategy

The NWQMS provides a national framework for improving water quality in Australia’s waterways. The main
policy objective of the NWQMS is to achieve sustainable use of the nation’s water resources; protecting and
enhancing their quality, while maintaining economic and social development. The NWQMS process involves
community and government interaction, and implementation of a management plan for each catchment,
aquifer, estuary, coastal water or other water body. This includes the use of national guidelines for local
implementation.

The NWQMS policy and principles document (ARMCANZ/ANZECC, April 1994) provides an overview of the
principles for water quality management in Australia. The primary objective of the guideline/policy is:

“to achieve sustainable use of the nation’s water resources by protecting and enhancing their quality while
maintaining economic and social development”.

The policy and principles document states that:

“the generally accepted mechanism for establishing in-stream or aquifer water quality requirements is a two-
step process which involves:

e establishing a set of environmental values, and
o establishing scientifically based water quality criteria corresponding to each environmental value”.

Environmental values are often interchanged with the term beneficial use (which is referred to in regard to
minimum impact criteria in the AIP) and are identified in the guidance to include:

e Ecosystem protection

¢ Recreation and aesthetics

e Drinking water

e Agricultural water (irrigation and stock water)
¢ Industrial water

Ecosystem protection, in this context, refers to ecosystems, which depend at least in part on groundwater to
maintain ecosystem health (groundwater dependent ecosystems). Depending on the site setting, this may
include surface water bodies such as wetlands, streams and rivers reliant on groundwater base flow, some
estuarine and near-shore marine systems, as well as aquifer and cave ecosystems and terrestrial ecosystems
with groundwater dependence.

Criteria have been developed to characterise water quality relative to these environmental criteria and are
discussed further below.

The criteria presented below have been considered as the basis for assessing:

e The current environmental values (beneficial use category in the AIP) of groundwater and receiving
water bodies on which impacts can be assessed.

e Management requirements for discharge to receiving water environments, which could include:
— Discharge to surface water along current pathways or by direct discharge
— Discharge to groundwater
— Discharge to land

Australian and New Zealand Guidelines for Fresh and Marine Water Quality

For this project, the national guidelines on water quality benchmarks within the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (ANZG, 2018) (previously ANZECC (2000)) are applicable and
provide default trigger values of various analytes for comparison with sampled values.

Water criteria are presented in the guidelines for:

e Agquatic Ecosystems
e Primary Industries (which includes agricultural and industrial water criteria).
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The ANZG (2018) guidelines for protection of 95% of species in freshwater ecosystems have been used as
trigger values for assessing current groundwater quality as the catchments are moderately disturbed by
agricultural activities.

Australasian Groundwater and Environmental Consultants Pty Ltd A AG E

3 SAN5001.001 — Kahlua Pilot Reactivation Groundwater Assessment — v02.01
Appendix A



Appendix B

Kahlua Well Completion Reports

Australasian Groundwater and Environmental Consultants Pty Ltd ‘ AG E
SAN5001.001 — Kahlua Pilot Reactivation Groundwater Assessment — v02.01
Appendix B



WELL COMPLETION REPORT Kahlua 1

SANTOS QNT PTY LTD
(As Operator for and on behalf of the title holder ACM)

Kahlua 1

WELL COMPLETION REPORT

PEL 1

Prepared by:

Earth Data Pty. Ltd. (P. Skeet, M. Harkins, J. Howard)
For

SANTOS QNT PTY LTD

A.B.N. 33 083 077 196

Level 14 Santos House

60 Edward Street

Brisbane Qld 4000

Earth Data Pty Ltd Phone: (02) 49336744
2/5 Anlaby St, Maitland, NSW 2320 Page - 1 -



WELL COMPLETION REPORT Kahlua 1

TABLE OF CONTENTS

TABLE OF CONTENTS ..uuiiiirinicnuissensissnnssessacssssssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssass 2
LIST OF FIGURES ....cuuiiiiiiticiintinicensicssissssssesssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 3
LIST OF TABLES .....ucoiiiiitininineisensuicsensesssissssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 3
LIST OF APPENDICES ....ccuiiiiiiniiinninniinsnissnssssissssssssissssssssssssssssssssssossssssssssssssssssssssssssssssssssss 3
LIST OF DIGITAL DATA ...couuieiiiiniiensesssissesssissssssissssssssssssssssssssssssssssssssssssssasssssssssssssssssssssas 3
1  INTRODUCTION....cioiiniinininseiisniesnnsssisssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssss 5
2 WELL HISTORY ..uuuuiieiininnicsensninsnicsessnsssissssssesssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssss 6
2.1 GENERAL DIATA ..ottt ettt ettt sttt et nae e 6
2.2 DRILLING DATA ..ottt 8
2.2.1 Drilling DAta SUMMATY..........c...coceuieeiiieeiie et 8
2.2.1.1  Conductor HOLE.....cc.eeiiiiiiiiiiiiieiectee ettt 8

2.2.1.2  SUIface HOLC...o..ooiiiiiieiee e 8

2.2.1.3 Cored (HQ) HOIE SECHION.......cccuviieiiieciiieeciee ettt e 8

2.2.2 Casing and CEMENEIING .............c..coecueeeeieeeiieeeeiee e s et e e sateeeaseesnaee e 9
2.2.3 DeVIATION SUTVEYS ..ottt ettt 9
2.2.4 Drilling FIUIA DA ..............cccouveaiiieeiiieeie e 9
2.2.5 WaALEr SUPPLY ..ot 9
2.2.6 PIUGS ..o e 9

2.3 LOGGING AND TESTING ...coouiiiiiiiiiiiiiiieiticie sttt sttt st 12
2.3.1 Well Site GEOIOZISE ...........ocovcueeeeiiiiiieeeeeee et 12
2.3.2 MU LOGGING ...t 12
2.3.3 Ditch Cutting SAMPIES ............c.ocoeouveeiiieeiiieciie e 12
2.3.4 COTE LOZGING ...ttt 12
2.3.5 WAF@IINE LOZS .......ooeeeeeeee ettt eaae e 14
2.3.6 TeMPETAIUFE SUFVEY ........ccueeveiiiiiiiiiiteee ettt 15
2.3.7 DFill Stem TeStS (DST) ....ccuuveeeeeeeiieeee ettt 15

3 GEOLOGY auucuiiuiiriinisuensnicssisesssissssssesssissssssssssissssssesssssssssssssssssssssssssssssssssssssssssssssssssssssaes 16
3.1 REASONS FOR DRILLING ....cutitiiitiniietieieniteit ettt ste et sttt st sve e e sre e 16
3.2 RESERVOIR ..ottt st s 16
33 STRATIGRAPHIC PROGNOSIS .....oeiuiiiiiiiiiiiieiteeteesee ettt s 16
3.4 STRATIGRAPHY ..oeiiiiiiiiiiiiiiiiieit ettt ettt sttt 19
34.1 Napperby Formation (32.1 - 128.3 M) ....ccc.coovuveieiiieiiieeieeee e 19
3.4.2 Digby Formation — Ulinda Sandstone (128.3 — 141.4 M)......ccccccooevevienvrennnnne. 19
3.4.3 Digby Formation — Bomera Conglomerate (141.4 — 158.6 m).............cccooeen...... 19
3.4.4 Black Jack Group — Trinkey Formation (158.6 — 195.3 M).......cccccovvicniencnnnns 19
3.4.5 Wallala Formation (195.3 —216.8 M) ......cccvveioeieeeiieeeee et 19
3.4.6 Clare Sandstone (216.8 —235.4 M) ..cc.oeveioiiiiiiieee e 19
3.4.7 Benelabri Formation (235.4 — 251.311) .......cccoovuieeiiiieiieeee e 20
3.4.8 Hoskissons Coal (251.3 —262.91) .........cccoeiiiaiiiiiiieee et 20
3.4.9 Arkarula Formation (262.9 — 289.91) .......cooovveeiiiiieiieeeee e 20
3.4.10  Pamboola Formation (289.9 — 356.3M) .......cc..coovueiviiiiiiiiieieeeeiee e, 20
3.4.11  Watermark Formation (356.3 — 498.51M) .........cccovvviiimiiiiiiaiiiiieeeeieee e 20
3.4.12  Porcupine Formation (498.5 — 555.8M) c....cccceviviiiiiiiiiiiiieeieeeee e, 20
3.4.13  Maules Creek Formation (555.8 — 627.3M).......cccccovvuieiiiianiiieiiiieeiieeeieeeee e, 20

Earth Data Pty Ltd Phone: (02) 49336744

2/5 Anlaby St, Maitland, NSW 2320 Page -2 -



WELL COMPLETION REPORT Kahlua 1

3.4.14  Leard Formation (627.3 — 051.7M) ......cc.cccoeeiieeiiiaiieiieeeeeeee e 21
3.4.15  Boggabri Volcanics (651.7 — 661.40M) ............ccccoeeveueieiiiiaiiieeiieeeieeeiee e, 21
3416 TOAL DEPIN ... 21

3.5 HYDROCARBON SHOWS .....oiiiiiiiiiiiiieniteeiee sttt sttt et e snee s eneene 21

4  DISCUSSION AND CONCLUSIONS ..cuuieriricsunsissenssesssessassssssssssssssssssssssssassssssssssssssssss 22
5  REFERENCES ....iintititictinisnissississsisssisseessissssssssssssssssssessesssssssssssssssssssssessasssses 22

LIST OF FIGURES

Figure 1 Locality Map

Figure 2 Drilling Time-Depth Curve

Figure 3 Well Abandonment Summary

Figure 4 Generalised Stratigraphy of the Gunnedah Basin, NSW
LIST OF TABLES

Table 1 Well Data Card

Table 2 Casing and Cementing Summary

Table 3 Desorption Samples Canisters for Kahlua 1

Table 4 Additional Sampling Submitted for Coal Analysis

Table 5 Wireline Log Summary

Table 6 Stratigraphy Summary

LIST OF APPENDICES

Appendix 1 Daily Drilling Reports

Appendix 2 Survey Report

Appendix 3 Geologists Logs

Appendix 4  Core Photos

Appendix 5  Coe Desorption Results (To be forwarded when available)
Appendix 6  Coal Analysis Results (To be forwarded when available)
LIST OF DIGITAL DATA

Enclosure 1
Enclosure 2

Wireline logging data (raw)
DST Test data

Earth Data Pty Ltd

2/5 Anlaby St, Maitland, NSW 2320

Phone: (02) 49336744
Page -3 -






WELL COMPLETION REPORT Kahlua 1

1 INTRODUCTION

Kahlua 1 is the first dedicated Coal Seam Gas “CSG” corehole to be drilled in PEL 1 as part of
the Santos (QNT) Pty Ltd. farm-in commitment and work programme with Australian Coalbed
Methane (ACM) Pty Ltd. The drilling objective of Kahlua 1 was to provide additional data on
the stratigraphy and coal development of the Late Permian Black Jack Group and Early Permian
Maules Creek Coal seams. The Hoskissons Coal Seam and Melvilles Coal Seams of the Black
Jack Group were the primary targets of the corehole.

Kahlua 1 spudded at 14:00 hours on 26™ July 2008. The well penetrated a sequence containing
the early to mid Triassic Napperby Formation, the early Triassic Digby Formation, the late
Permian Black Jack Group, the late Permian Watermark and Porcupine Formations, and the early
Permian Maules Creek Formation comprising several laterally extensive coal seams which were
the secondary target of the hole. The hole reached Total Depth (TD) within the early Permian
Boggabri Volcanics which comprised weathered and altered Rhyolites and Basalt.

The 8%2” (216 mm) conductor hole was drilled to 6m and 6'%” (165 mm) conductor pipe
cemented in place. The surface hole 6 1/8” (156 mm) was drilled to 114.88m and 42" (114mm)
casing cemented to surface within the Napperby Formation. HQ coring commenced from this
point and continued until Total Depth “TD” was reached at 17:30 hours on 1% September 2008
with a final depth of 660.65m (driller). Throughout the cored interval, gas monitoring and gas
desorption sampling were carried out on-site, with a total of thirty five gas desorption samples
collected. Earth Data Pty Ltd. provided the well-site geological supervision and desorption
sample monitoring at Kahlua 1.

A complete set of wireline logs was run at TD. In addition, a total of four drill stem tests (DSTs)
was carried out both on-penetration testing as well as at the completion of drilling. Kahlua 1 was
plugged and abandoned at the completion of the testing program and the rig was released at
12:00 hours on the 16™ September 2008.

Earth Data Pty Ltd Phone: (02) 49336744
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2 WELL HISTORY

2.1 General Data

Well Name and Number:
Location: Latitude:
Longitude:
MGA (Zone 56) Easting:
MGA (Zone 56) Northing:
Elevations: G.L.:
K.B.:

Petroleum Tenement:
Permit Holder:

Farm-in Partner

Drilling Contractor:

Drilling Rig:

Date Drilling Commenced:

Date Drilling Completed:

KAHLUA 1
30°58°01.4" S
150°00'41.6 " E
657 0215 m

214547 m
294.4m A.S.L.

295.3m A.S.L. ( all depths referenced to GL)
Petroleum Exploration Licence No. 1

AUSTRALIAN COALBED METHANE PTY LTD (“ACM”)

SANTOS QNT PTY LTD
A.B.N. 33083077 196
Level 14 Santos House

60 Edward Street
Brisbane Qld 4000

Ph: (07) 3838 3666

McDermott Drilling Pty Ltd
24-26 Airds Road

Minto, NSW 2566

Rig #29

14:00hrs on 26™ July 2008

17:30hrs on 1** September 2008

Date Rig Released: 12:00hrs on 16" September 2008
Drilling time to T.D.: 51.92 days
Total Depth: Driller 660.65m
Logger 661.40m
Status: Plugged and Abandoned
Earth Data Pty Lid Phone: (02) 49336744

2/5 Anlaby St, Maitland, NSW 2320
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Figure 1: Location Map
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2.2 Drilling Data

2.2.1 Drilling Data Summary

Below is a summary of drilling operations at Kahlua 1, compiled from the daily drilling reports
(Appendix 1). A Santos Drilling Supervisor was present on-site at all times to supervise drilling
operations, manage third party contractors as well as monitor safety and environmental concerns
at the rig-site. Further details are provided in the time/depth curve (Figure 2) and in the Well
Schematic (Figure 3).

2.2.1.1 Conductor Hole

Size: 10.0” (254 mm)
Interval: 0 — 6 m
Drilling Fluid: Air

Kahlua 1 spudded at 14:00 hours on 26™ July 2008. The 10” (254 mm) hole section was auger-
drilled to 6 m with 6'4” (165 mm) conductor casing set and cemented to 6 m.

2212 Surface Hole

Size: 6 1/8” (156 mm)
Interval: 6 — 116 m (shoe at 114.9 m)
Drilling Fluid: Water and KCl

The 6.125” hole section was drilled to 116m. A total of 21 joints of 4 '4” (114mm) K-55,
BTC/SFJ casing were run in and set at 114.9m. A total of 261 sacks of cement at 14.00ppg with
9.30gal/sx of mix-water used to cement to surface. Cement returns were good while pumping
and displacing cement. The casing was then pressure tested to 500psi using the HQ core barrel.

2.2.1.3 Cored (HQ) Hole Section

Size: 3 7/9” (96 mm) (HQ)
Interval: 116 — 660.7 m
Drilling Fluid: KCI/Polymer

After drilling out the shoe, the 3 7/9” (96 mm) HQ core hole was drilled to a TD of 660.65 m.
Three potential target coal seams were intersected within the Black Jack Group and three in the
Maules Creek Formation, with thirty five desorption samples taken from within these formations.
On completion of wire line logs and DST’s, the hole was plugged and abandoned (refer to
section 2.2.6 for details of plugs).

McDermott Rig 29 was released at 12:00 hours on 16™ September 2009. The rig then moved to
the next location at Pibbon North 1. The final well surveying report is attached in Appendix 2.

Earth Data Pty Ltd Phone: (02) 49336744
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Figure 2: Drilling Time-Depth Curve
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2.3 Logging and Testing

2.3.1 Well site Geologist

Earth Data provided geological supervision and desorption testing at Kahlua 1.

2.3.2 Mud logging

Mud logging services were not used on this well. Gas was monitored from surface by Earth
Data, with a gas monitor fitted to the end of the flow line. The rig compressor did break down
during the course of the hole so only an incomplete set of gas data is available. No visible gas
was noted whilst drilling Kahlua 1.

2.3.3 Ditch Cutting Samples

Cuttings were collected at 6 m intervals from the surface to core depth (116 m). Both cuttings
samples and the core recovered at Kahlua 1 were sent to the Department of Primary Industries
core storage facility in Londonderry, NSW.

The cutting samples and sets were:

Sample Type No. Sets
Washed 1

2.3.4 Core Logging

HQ coring commenced from 116m to TD (660.65m). Core logging on-site was undertaken by
the well site geologist. The geologist’s logs are attached in Appendix 3. Photographs of the core
were taken in the field and the photos are recorded in Appendix 4.

Desorption samples were collected across coal intervals greater than 50cm taken. The intervals
and formations are outlined in Table 3. The results of these tests will be forwarded when they
come to hand.
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Table 3: Desorption Samples Canisters for Kahlua 1

Sample Interval | Interval Thickness
Sample ID From To Formation Type
Number (m)
(m) (m)
1 KAHIED754 | 158.64 159.45 0.81 Trinkey Desorption
2 KAHIEDS841 | 159.57 160.39 0.82 Trinkey Desorption
3 KAHIED837 | 160.60 161.40 0.80 Trinkey Desorption
4 KAHIED750 | 17147 172.27 0.80 Trinkey Desorption
5 KAHI1EDS&38 | 173.27 174.07 0.80 Trinkey Desorption
6 KAHIED840 | 174.73 175.53 0.80 Trinkey Desorption
7 KAHIEDS839 | 183.59 184.42 0.83 Trinkey Desorption
8 KAHIED747 | 191.09 191.90 0.81 Trinkey Desorption
9 KAHIEDS842 | 208.14 208.93 0.79 Wallala Desorption
10 KAHI1ED843 | 216.79 217.60 0.81 Breeza Coal Member Desorption
11 KAHIED669 | 250.93 251.71 0.78 Hoskissons Desorption
12 KAHIED306 | 251.71 252.51 0.80 Hoskissons Desorption
13 KAHIED632 | 255.85 256.65 0.80 Hoskissons Desorption
14 KAHIED905 | 256.65 257.45 0.80 Hoskissons Desorption
15 KAHIED312 | 257.45 258.25 0.80 Hoskissons Desorption
16 KAHIED245 | 258.25 258.85 0.60 Hoskissons Desorption
17 KAHIED291 | 258.85 259.65 0.80 Hoskissons Desorption
18 KAHIEDS16 | 259.65 260.45 0.80 Hoskissons Desorption
19 KAHIEDI114 | 260.45 261.25 0.80 Hoskissons Desorption
20 KAHIEDO063 | 261.25 262.05 0.80 Hoskissons Desorption
21 KAHIEDI65 | 262.05 262.84 0.79 Hoskissons Desorption
22 KAHIEDO71 | 289.80 290.53 0.73 Pamboola Desorption
23 KAHIED240 | 303.03 303.77 0.74 Melvilles Coal Member | Desorption
24 KAHIEDI155 | 303.77 304.55 0.78 Melvilles Coal Member | Desorption
25 KAHIEDI117 | 304.55 305.36 0.81 Melvilles Coal Member | Desorption
26 KAHIEDO023 | 305.36 306.14 0.78 Melvilles Coal Member | Desorption
27 KAHIEDS63 | 306.14 306.94 0.80 Melvilles Coal Member | Desorption
28 KAHI1EDO41 | 555.71 556.45 0.74 Maules Creek A Desorption
29 KAHIEDI109 | 557.14 557.69 0.55 Maules Creek A Desorption
30 KAHIEDO064 | 609.33 610.13 0.80 Maules Creek B Desorption
31 KAHIEDS18 | 610.13 610.93 0.80 Maules Creek B Desorption
32 KAHIEDS02 | 610.93 611.49 0.56 Maules Creek B Desorption
33 KAHIEDI173 | 624.93 625.76 0.83 Maules Creek C Desorption
34 KAHIEDS77 | 625.90 626.69 0.79 Maules Creek C Desorption
35 KAHIEDO029 | 626.69 627.48 0.79 Maules Creek C Desorption

On completion of the desorption program, the coal from each canister was logged in detail before
the core was slabbed in half with one half returned back to the core boxes. Table 4 summarises
the testing requested with the results of the tests will be forwarded to the DPI once they come to
hand. Sub-samples of each sample canister were removed for residual gas, adsorption isotherm,
vitrinite reflectance, rank determination and proximate analyses.

Earth Data Pty Ltd
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Table 4 — Additional Sampling Submitted for Coal Analysis
Sample ID | Formation True Proxima!te Adsorption Ultimafe Macerz.ll Vitrinite
SG Analysis Isotherm Analysis | Analysis | Reflectance
KAHI1ED754 | Trinkey Yes Yes No No Yes No
KAH1EDS841 | Trinkey Yes Yes No No Yes No
KAHI1EDS837 | Trinkey Yes Yes No No Yes No
KAHIED750 | Trinkey Yes Yes No No Yes No
KAHI1EDS&38 | Trinkey Yes Yes No No Yes No
KAHI1ED840 | Trinkey Yes Yes No No Yes No
KAHI1EDS839 | Trinkey Yes Yes No No Yes No
KAH1ED747 | Trinkey Yes Yes No No Yes No
KAHIEDS842 | Wallala Yes Yes No No Yes No
KAHI1EDS843 | Breeza Coal Yes Yes No No Yes No
KAHI1ED669 | Hoskissons Yes Yes No No No No
KAH1ED306 | Hoskissons Yes Yes No No No No
KAHI1ED632 | Hoskissons Yes Yes No No No No
KAHI1ED905 | Hoskissons Yes Yes No No No No
KAHI1ED245 | Hoskissons Yes Yes No No No No
KAHI1ED312 | Hoskissons Yes Yes No No No No
KAH1ED291 | Hoskissons Yes Yes No No No No
KAHI1ED516 | Hoskissons Yes Yes No Yes Yes Yes
KAHI1ED114 | Hoskissons Yes Yes No No No No
KAHI1EDO063 | Hoskissons Yes Yes No No No No
KAHI1ED165 | Hoskissons Yes Yes No No No No
KAH1EDO71 | Pamboola Yes Yes No No No No
KAH1ED240 | Melvilles Coal Yes Yes No No No No
KAHIED155 | Melvilles Coal Yes Yes No No No No
KAHIED117 | Melvilles Coal Yes Yes No No No No
KAHI1EDO023 | Melvilles Coal Yes Yes No No No No
KAHI1ED563 | Melvilles Coal Yes Yes Yes No No No
KAHIEDO41 | Maules Creek A Yes Yes No No No No
KAHIED109 | Maules Creek A Yes Yes No No No No
KAHIEDO064 | Maules Creek B Yes Yes Yes No Yes Yes
KAHI1ED518 | Maules Creek B Yes Yes No No Yes Yes
KAHI1ED502 | Maules Creek B Yes Yes No No No No
KAHIED173 | Maules Creek C Yes Yes No No No No
KAHI1ED577 | Maules Creek C Yes Yes No No Yes Yes
KAHIEDO029 | Maules Creek C Yes Yes No No No No

2.3.5 Wireline Logs

Weatherford Australia Pty Ltd provided slim-hole wireline services at Kahlua 1. A complete
suite of wireline logs was run in multiple runs at Kahlua 1 (See Table 5). In addition, an Acoustic
Scanner tool was run across the coal intervals to determine borehole break-out and coal fracture
orientations. Wireline logs are attached in Enclosure 1.
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Table 5 — Wireline Logs Summary

Log Type Interval Run
SP 115 —656m
RRS5 (resistivity or laterolog) 662 — 115m
DD6 (Gamma, Calliper, Dual density) | 661 —2m

MS2 (multichannel sonic) 660 — 115m
NN2 (Gamma, neutron Porosity) 661 — 115m
TT2 (Temperature) 660 — 115m
ALT Fac 40 (Acoustic Scanner) gél‘g ~ iggﬁ and

2.3.6 Temperature Survey

The maximum temperature recorded was 43°C at the bottom of the hole.

2.3.7 Drill Stem Tests (DST)

DST Australia Pty Ltd. completed four drill stem tests at Kahlua 1. The results from the tests are
contained in Enclosure 2. Permeability of the coals was determined through two on-penetration
drill stem tests and two drill stem test at Kahlua 1 reaching TD. Intervals tested included:

DST #1 —248.0 — 264.6 m (Hoskissons Coal)
DST #2 —299.4 — 330.6 m (Melvilles Coal)

DST #3 — 605.0 — 635.0 m (Maules Creek Coal Measues)
DST#4 — 248.0 — 264.6 m (Re-test of Hoskissons Coal)

Earth Data Pty Ltd
2/5 Anlaby St, Maitland, NSW 2320

Phone: (02) 49336744
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3 GEOLOGY

3.1 Reasons for Drilling

Kahlua 1 was drilled as a dedicated coal seam gas well to provide knowledge on the stratigraphy
of the Gunnedah Basin as well as to determine the coal development and gas content in the
Permian Black Jack Group and Maules Creek Formation at this location. The primary target was
the Hoskissons Coal with the Melvilles Coal Member and Maules Creek Coals providing
secondary target.

3.2 Reservoir

The coal seams intersected at Kahlua 1 comprised the Late Permian Black Jack Group including
the Breeza Coal Member, the Hoskissons Coal and the Melvilles Coal Member along with the
Early Permian coals of the Maules Creek Formation.

The seams and members differ in thickness with the Breeza CM being roughly Im, the
Hoskissons Seam being roughly 12m thick with a 3m intrusion towards the top of the unit, and
the Melville’s CM being 4m thick. In the Early Permian Maules Creek Formation three seams
were intersected ranging in thickness from 2-3m. These coals are generally vitrinite-poor (dull)
with minor bright bands.

Several of these coal units are very distinctive, laterally extensive and prominent stratigraphic
marker units, namely the Hoskissons Coal and the Melville’s Coal Member. Several igneous
intrusions are also present within the area giving rise to some gaseous and partially cindered
coals.

Refer to the geologists logs for more details (Appendix 3).

33 Stratigraphic Prognosis

The stratigraphy of the Gunnedah Basin including the Permian Black Jack Group and earlier
Maules Creek Formation can be seen in Figure 4. Kahlua 1 spudded into the Mid Triassic
sediments of the Napperby Formation. Depth prognoses were based on nearby wells and some
seismic data.

The Black Jack Group lies unconformably under the Bomera (Digby) Conglomerate. The
uppermost formation of this group is the Trinkey Formation (36.68m thick), comprising coals,
carbonaceous mudstones, tuffs with interbedded sandstone and siltstone. A total of eight
desorption samples were taken from this formation with coal quality ranging from dull banded to
mainly dull and stony coal.

The Breeza Coal Member is a thin (0.87m) seam of low quality (dull) coal with a tuff band at the
centre and carbonaceous mudstone at the top of the unit. It is within the Clare Sandstone at the
base of a conglomeratic section of the Wallala Formation.

The Hoskissons Coal (~12m) is overlain by the Benelabri Formation containing interbedded
sandstone and siltstone with carbonaceous mudstone. The Hoskissons Seam is uniformly dull

Earth Data Pty Ltd Phone: (02) 49336744
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34 Stratigraphy

Refer to the well site geologists logs in Appendix 3. Below is a summary of the stratigraphy as
described from the well site geologist.

3.4.1 Napperby Formation (32.1 - 128.3 m)

Sandstone with interbedded Siltstone
Sandstone — light grey, fine to medium grained, occasional silty laminae.
Siltstone — Dark grey, occasional sandy laminae, carbonaceous traces in part.

3.4.2 Digby Formation — Ulinda Sandstone (128.3 — 141.4 m)

Sandstone — light grey, medium to coarse grained quartzose sand, occasional silty laminae,
carbonaceous traces.

3.4.3 Digby Formation — Bomera Conglomerate (141.4 — 158.6 m)

Conglomerate — multicoloured, clast supported, pebble to cobble sized clasts, tuffaceous matrix.

3.4.4 Black Jack Group — Trinkey Formation (158.6 — 195.3 m)

Coal — Dull to Dull Banded coal, 8 canisters taken for desorption sampling

Tuff — buff, fine grained, common carbonaceous laminae

Carbonaceous Mudstone — dark grey, tuffaceous laminae and bands throughout, tending to stony
coal in part.

Sandstone — light grey, medium to coarse grained, quartz lithic, tuffaceous, massively bedded
Siltstone — grey to dark grey with occasional carbonaceous laminae

3.4.5 Wallala Formation (195.3 — 216.8 m)

Sandstone — light grey, medium to coarse, silty laminae in part, tuffaceous in part, occasional
lithic clasts.

Conglomerate — multicoloured, clast supported, granule to cobble sized clasts, light brown sandy
matrix.

Tuff — grey/green, very fine grained, silty in part

Carbonaceous Mudstone - dark grey to black, common coaly wisps, tending to occasional dull
coal.

3.4.6 Clare Sandstone (216.8 — 235.4 m)

Siltstone — grey to dark grey, carbonaceous laminae and occasional wisps.

Sandstone — light grey, medium to very coarse grained, quartz lithic with occasional lithic
pebbles, conglomeratic in part.

Carbonaceous Mudstone — dark grey, common sandy laminae.

Conglomerate — light brown/grey, matrix supported, coarse grained matrix, and pebble sized
lithic clasts, occasional fining upwards cycles.

Breeza Coal Member (216.8 — 217.7 m): Dull minor bright coal, one sample taken for
desorption sampling.

Earth Data Pty Ltd Phone: (02) 49336744
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3.4.7 Benelabri Formation (235.4 —251.3m)

Siltstone — dark grey common carbonaceous laminae throughout

Sandstone — light grey, fine to medium grained, common carbonaceous laminae and bands
throughout.

Carbonaceous Mudstone — black brown, common mudstone laminae, tending to silt in part.

3.4.8 Hoskissons Coal (251.3 — 262.9m)

Coal — Dull, eleven samples taken for desorption sampling, KAHIED669, KAHIED306,
KAHIED632, KAHIED905, KAHIED245, KAHIED312, KAHIED291, KAHIEDS516,
KAHIEDI114, KAHI1EDO063 and KAH1ED165.

Intrusion — buff, very fine grained, hard, crystalline, little to no quartz, high in feldspar.

3.4.9 Arkarula Formation (262.9 — 289.9m)

Sandstone — grey, medium grained, lithic sand, abundant bioturbation sub vertical mud lined
worm burrows, coarsening upwards cycles, may show local fining upwards cycles, occasional
quartz drop pebbles.

Siltstone — dark grey, carbonaceous in part, rootlets, abundant bioturbation.

3.4.10 Pamboola Formation (289.9 — 356.3m)

Sandstone — light grey fine to coarse grained lithic sand, common carbonaceous wisps and
laminae, fining upwards cycles, occasional cross bedding.

Siltstone — dark grey, common carbonaceous wisps and laminae throughout.

Melvilles Coal Seam (303.1- 307.0m) dull coal, tending to carbonaceous mud.

Tuff — buff, common coaly specks, relatively uncommon.

3.4.11 Watermark Formation (356.3 — 498.5m)

Sandstone — off white fine grained, quart lithic, occasional silty blebs, carbonaceous wisps and
traces.

Siltstone — grey, occasional sandy bands, massive, occasional siderite bands,

Intrusion — off white to blue, crystalline, occasional silty blebs, heavy veining with high strength.

3.4.12 Porcupine Formation (498.5 — 555.8m)

Siltstone — grey, sandy throughout, drop clasts, occasional zoophycus (burrows), occasional
carbonaceous wisps, occasional mineralised brachiopod fossils, conglomeratic in part.
Conglomerate — para-conglomerate, dark grey matrix of fine to medium grained sands and silts,
well cemented, pebble to cobble sized clasts of white and green clastic, occasional carbonate
clasts, occasional igneous clasts.

3.4.13 Maules Creek Formation (555.8 — 627.3m)

Sandstone — grey, medium to coarse grained, quartz lithic sand, sub rounded to sub angular, well
cemented, poorly sorted, common carbonaceous and coaly traces and lenses.
Siltstone — grey to dark grey, occasional carbonaceous specks and laminae.

Earth Data Pty Ltd Phone: (02) 49336744
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Conglomerate — off white to grey, ortho-conglomerate tending to para-conglomerate in part,
pebble sized sub rounded clasts of volcanics and lithics, dark grey and green in colour, medium
to coarse sandy matrix.

Coal — dull coal, tending to carbonaceous mudstone in part, several small seams within the
Maules Creek Formation, named Maules Creek A, B, C.

Carbonaceous Mudstone — black brown, tending to stony coal in part.

Claystone — brown to buff coloured claystone, comprising many rounded clay pellets with
gradational boundary.

3.4.14 Leard Formation (627.3 — 651.7m)

Pelletal claystone — brown to buff coloured claystone, comprising many tuffaceous rounded
kaolin clay pellets, common carbonaceous laminae.
Coal — common thin bands of dull coal, little visible free gas.

3.4.15 Boggabri Volcanics (651.7 — 661.40m)

Weathered and altered intermediate to basic volcanics — red, purple and blue coloured clasts, iron
staining, mottled appearance, very hard, igneous inclusions, quartz veining throughout.

3.4.16 Total Depth
Driller: 660.65 m
Logger: 661.40 m

3.5 Hydrocarbon Shows

Due to an incomplete set of data from the gas detector as a result of the compressor failure on the
rig, there is no CHy vs. time graph available.
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4 DISCUSSION AND CONCLUSIONS

Kahlua 1 was the first corehole drilled as part of the 2008 Santos Gunnedah Coring Programme.
The hole reached Total Depth (TD) within the early Permian Boggabri Volcanics which
comprised weathered intermediate to basic volcanics.

There was good well control at Kahlua 1 with the nearby DM Benelabri coreholes providing
geological control. However, formation tops intersected at Kahlua 1 were approximately 60m
lower than prognosed due to Kahlua 1 being present on the down-thrown side of a fault with DM
Benelabri 1 on the up-thrown block. This fault is confirmed on surface geological mapping.

The primary target of the Hoskissons Coal of the Black Jack Group was found to be ~12m thick.
However, the coal seam was intruded by a 3.3m sill and found to be cindered close to the
intrusion. In addition, the Melvilles Coal Member was well developed with a thickness of 3.9m.

The secondary target coals of the Early Permian Maules Creek Formation were intersected as
three seams, identified as Maules Creek Coal A, B and C. A total of ~7m of gross coal was
intersected from the Early Permian sequence.

Permeability of the coals was determined through two on-penetration drill stem tests and two

drill stem test upon Kahlua 1 reaching TD. The well was plugged and abandoned and the rig
released on 16" September 2008. The well site at Kahlua 1 has been fully rehabilitated.
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1 INTRODUCTION

Kahlua 2 was the last well to be drilled as part of the Santos (QNT) Pty Ltd, Gunnedah Gas Pilot
Project. The role of the Kahlua 2 borehole within this program is to act as the central pumping
well with Kahlua 3-5 acting as observation wells. Broadly the project seeks to follow previous
exploration within PEL 1 to determine the hydrocarbon potential of the license and assess the
deliverability of the Hoskissons and Melvilles Coal Members. The project is also an extension of
the farm-in commitment that Santos has in PEL 1 with Australia Coalbed Methane (ACM) Pty
Ltd.

Kahlua 2 spudded at 7:00 hours on 30™ November 2010. The well penetrated a sequence
containing the early to mid Triassic Napperby Formation, the early Triassic Digby Formation,
the late Permian Black Jack Group, the late Permian Watermark and Porcupine Formations, and
the early Permian Maules Creek Formation. The hole reached Total Depth (TD) within the early
Permian Leard Formation.

The 17.5” (445mm) conductor hole was drilled to ~11m and 14” (356mm) conductor pipe
cemented in place. The surface hole 12.25” (311mm) was drilled to 242.50m and 9.625”
(245mm) casing cemented to surface within the Wallala Formation. Drilling continued utilising
an 8.5” (216mm) PCD bit until Total Depth “TD” was reached at 16:45 hours on 5" December
2010 with a final depth of 695.00mRT (driller). Earth Data Pty Ltd. provided the well-site
geological supervision at Kahlua 2.

A complete set of wireline logs was run at TD. In addition, a total of five drill stem tests (DSTs)
were conducted at the completion of drilling. Kahlua 2 was suspended at the completion of the
testing program and the rig was released at 18:00 hours on the 13" December 2010.
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Figure 1: Location Map of Kahlua 2-5
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Figure 2: Aerial Photo of Site Location
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2 WELL HISTORY

2.1 General Data

Well Name and Number:

Location: Latitude:
Longitude:

MGA Easting (m E):

MGA Northing (m N):

Zone

Elevations:  G.L.(m):
K.B.(m):

Petroleum Tenement:

Permit Operator:

Drilling Contractor:

Drilling Rig:
Date Drilling Commenced:
Date Drilling Completed:

Date Rig Released:

Kahlua 2

30°58'59.467" S (GDA 94)
150°00'35.949" E (GDA 94)
214443.70

6568423.73

56

317.40m A.S.L.

321.40m A.S.L.

PEL 1

SANTOS QNT PTY LTD
Level 22 Santos Place

32 Turbot Street

Brisbane Qld 4000

Eastern Well Drilling Pty Ltd
371 Taylor Street
TOOWOOMBA QLD 4350
EWG 103

07:00hrs on 30 November 2010
16:45hrs on 5 December 2010

18:00hrs on 13 December 2010

Drilling time (Spud to Rig 14.99 days
Release):
Total Depth: Driller 695.00mRT
Logger 695.00mRT
Status: Suspended Gas Well
Earth Data Pty Lid Page - 5
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2.2 Drilling Data

2.2.1 Introduction

Below is the operations summary for Kahlua 2. It has been compiled from the daily drilling
reports (Appendix 1) as sent in from the rig-site. A Santos Drilling Supervisor was present on-
site at all times to supervise drilling operations, manage third party contractors as well as monitor
safety and environmental concerns at the rig-site.

The well lease was prepared by Daracon Pty Ltd and a final well location was surveyed by
Stewart Surveys Pty Ltd with the details included in Appendix 2.

2.2.2 Kahlua 2 Drilling Summary

2.2.2.1 Conductor Casing

Size: 17.5” (445mm)
Interval: 0.00m —~11.00 m
Drilling Fluid: Air

The conductor hole 17.5” (445mm) was drilled by Daracon prior to well spud. The 14” (356mm)
conductor casing was installed and cemented from surface down to a depth of ~11.00mRT on the
same day.

2.2.2.2 Surface Hole

Size: 12.25” (311mm)
Interval: ~11.00m — 242.50m (shoe at 241.62m)
Drilling Fluid: Water and KC1

Kahlua 2 spudded at 07:00 hrs on 30™ November 2010. The surface hole section 12.25”
(311mm) was drilled using an 12.25” PDC bit to a depth of 242.5mRT. No problems were
encountered while drilling out this section of the borehole. A total of 20 joints of 9.625”
(245mm) K-55, BTC casing were run in to a shoe depth of 241.62mRT and fully cemented to
surface. A total of 596 sacks of cement were used to produce a lead slurry at 12.50ppg to cement
from 200.00m to surface, a further 159 sacks were used to produce a tail slurry at 14.80ppg to
cement from casing shoe to 200.00m. Cement returns were good, circulating, pumping and
displacing returned 27 barrels of cement to surface. The casing was then pressure tested to
1000psi for 5 minutes.

2.2.2.3 Production Hole

Size: 8.5” (216mm)
Interval: 242.50m — 695.00m
Drilling Fluid: Water and KCl

The 8.5 hole section was drilled from 242.50 to 695.00mRT using two 8.5 PCD bits, drilling
was continued beyond predicted TD. DST’s were performed upon penetration of the target
Melvilles and Hoskissons Coal Members. Upon reaching TD the borehole was plugged to
385.00m below the target seams. Following the well being plugged production casing was run
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c) 242.50 - 695.00m Water and KC1
2.2.6 Water Supply

Drilling water supply was obtained from dams near location and trucked to site.
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2.3 Drilling Contractors and Personnel

Project Leader : P Rhabraian

Drilling Engineer/Supervisor : B Goosem

Drilling Rig Representative : K Parker/S Hobday/E Bennett
Drilling : Eastern Well Drilling Pty Ltd
Wellsite Geologist : M Vippond

Field Testing : Earth Data Pty Ltd
Cementing : Halliburton Pty Ltd

Mud Engineering : Eastern Well Drilling Pty Ltd
Wireline Logging : Weatherford Australia Wireline Pty Ltd
Well Testing : DST Australia

Casing Perforation : Not Conducted
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Figure 3: Kahlua 2 Time-Depth Curve
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Figure 4: Kahlua 2 Well Schematic
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= DST 4: 669.00 — 683.01m; Failed , over Maules Creek Coal Member
= DST 5: 668.85 — 683.08m; Over Maules Creek Coal Member
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3 GEOLOGY

3.1 Reasons for Drilling

The Kahlua 2 borehole is part of the Santos Gunnedah Gas Pilot drilling program which is
designed to provide information on the hydrocarbon potential of PEL 1. In conjunction with the
Kahlua 3, 4 and 5 boreholes, Kahlua 2 will be the central pumping well used to appraise the
deliverability of the Hoskissons and Melvilles coal seams. Results from the previously drilled
Kahlua 1 corehole were encouraging and suggested potential hydrocarbon resources in the
region.

3.2 Regional Geology of the Gunnedah Basin (taken from Tadros, 1993)

The effective Basement of the Gunnedah Basin sequence consists of the Boggabri Volcanics and
Werrie Basalts (Late Carboniferous to Early Permian age) that make up the economic floor of
the basin. These units contain un-deformed lavas, tuffs and intercalated sediments. The top of
these basal volcanics is deeply weathered, indicating an unconformity with the overlying units.

The Leard and Goonbri Formations unconformably overlie Basement (Figure 5). The Leard
Formation comprises Early Permian pelletal flint claystone, conglomerate, sandstone and
siltstone, commonly interbedded with coal. It forms a discontinuous thin veneer deposited in the
more deeply eroded and weathered basement structure. The Goonbri Formation unconformably
overlies the Boggabri Volcanics and the Leard Formation. It is a regressive lacustrine sequence
comprising predominantly bioturbated organic-rich siltstone and thin coal, coarsening upwards
to laminated siltstone and fine grained sandstone and then moderately well sorted medium
grained sandstone.

The Maules Creek Formation is an Early Permian alluvial to fluvial system which overlies and
onlaps both the Leard and Goonbri Formations. In the Mullaley Sub-basin, the Maules Creek
Formation is subdivided into a northern zone containing quartz rich sandstone; a central zone of
volcanogenic sediments; and a south eastern zone consisting of fine grained sediments rich in
coal. The boundary with the overlying Porcupine Formation is disconformable and the two
formations inter-finger each other.

The Porcupine Formation is a late Permian fan delta marine incursion into the Gunnedah Basin.
The unit is a fining up sequence from a para-conglomerate with a poorly sorted sandstone and
siltstone matrix at the base through an ortho-conglomerate with moderately sorted sandstone and
siltstone matrix to a homogeneous bioturbated sandstone and mudstone. The conglomerate clasts
are dominantly siliceous volcanics. The upper boundary with the overlying Watermark
Formation is gradational. In the western margin of the Basin, the Porcupine Formation is
approximately 10m thick.

The lower part of the Watermark Formation represents the maximum extent of the Late Permian
transgression. The upper part is a marine regression associated with the overlying Black Jack
delta system. The lower part is characterized by a fining up sequence from sandy siltstone at the
base to siltstone / claystone laminate at the top. The upper part consists of a major coarsening up
succession consisting of two distinctive units; the lower unit which is finely laminated siltstone
and claystone with sporadic “dropped pebbles”; and the upper unit which consists of well
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developed coarsening up sequences of siltstone, sandy siltstone to interbedded siltstone and
sandstone, the percentage of sandstone increases up the sequence.

The Late Permian Black Jack Group is divided into a deltaic lower unit containing the target
coals and an upper fluvial-lacustrine unit.
®= A basal lithic unit consisting of sandstone, siltstone, claystone, conglomerate and
intercalated coals thins towards, and onlaps, the western margin of the basin. The
Melvilles Coal Member within this unit is not thought to be present within PEL450. The
lithic unit is followed by the Arkarula Sandstone, a fine — medium grained lithic unit
which is in turn overlain, in the Mullaley Sub-basin, by medium — coarse — pebbly quartz
rich sandstone with a sharp erosive contact.
= The upper part of the Black Jack Group includes the Hoskissons Coal (primary target).
The coal consists of predominantly vitrinite poor/inertinite rich coal with subordinate
layers of fine sandstone, carbonaceous siltstone/claystone and tuff. The peat swamps
developed as a result of marine regression and are fluvial influenced with westerly
sourced quartzose channel fills seen along the western margin. The coal is overlain by the
coarse grained to conglomeratic, quartz rich Clare Sandstone Member, followed by a
lithic conglomerate and finally a fine grained tuffaceous coaly unit.

The Early Triassic Digby Formation unconformably overlies the Permian sequence. The
Formation consists of a lower lithic conglomerate unit, quartz-lithic sandstone unit and an upper
quartzose unit. The lithic conglomerate unit formed as a result of an alluvial fan system and
consists of clast supported conglomerate with subordinate lithic sandstone. The clasts comprise
green and red jasper, chert and siliceous and mafic volcanics. The middle quartz -lithic
sandstone comprises approximately equal parts of quartz and lithics, locally conglomeratic
towards the base. The upper quartzose unit comprises predominantly quartzose sandstone with
subordinate conglomerate and claystone. Lithics are generally less than 25% of the composition.

The Early-Mid Triassic Napperby Formation is an overall upward coarsening sequence. The
lower part consists of dark grey claystone and finely interlaminated sandstone and mudstone.
The middle becomes increasingly silty and the upper unit comprises mainly off-white, medium
grained lithic sandstone. The Napperby Formation is unconformably overlain by the Late
Triassic—Early Jurassic Garrawilla Volcanics. These comprise alkali basalt flows, tuffs and
intrusives with weathered surfaces occurring sporadically. Flows are commonly vesicular and
contain common secondary zeolite mineralization.

The Garrawilla Volcanics are unconformably overlain by the Jurassic Purlawaugh Formation and
Pilliga Sandstone of the Surat Basin sequence. These are respectively flood plain and braided
stream deposits equivalent to the Hutton Sandstone sequence to the north.
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3.4.1 Napperby Formation (12.0 —174.0m)

The Napperby Formation consists of an upper band of siltstone and mudstone while the majority
of the remainder of the formation consists of medium grained sandstone interbedded with
siltstone. This gradational change from a fine siltstone to increasingly coarse sandstones through
the formation correlates with the interpretation of the unit being deposited in a lacustrine delta
environment.

3.4.2 Digby Formation (174.0 — 210.0m)

The Digby formation is typically comprised of two main units, an upper sandstone dominated
unit and a lower conglomerate dominated unit, at Kahlua 2 both the Ulinda Sandstone and the
Digby or Bomera Conglomerate were visible. The Ulinda Sandstone consisted of a band of
primarily medium grained sandstone. The Bomera Conglomerate was comprised of thick units of
multicoloured lithics and volcanic pebbles within a sandy matrix. The Digby formation has been
interpreted as being derived from massive alluvial systems flowing from the New England Fold
Belt.

3.4.3 Trinkey Formation (210.0 — 234.0m)

The Trinkey Formation at Kahlua 2 was dominated by white to grey tuffs and coal bands.
Occasional sandy traces were noted in chip samples however these were not predominant
throughout the unit. The high tuffaceous content of the unit can be attributed to the tephra ejected
from the volcanoes of the New England region.

3.4.4 Wallala Formation (234.0 — 268.0m)

The Wallala Formation at Kahlua 2 is a conglomerate dominated unit with a medium to coarse
grained sandstone band at the top of the unit and occasional sandstone bands throughout the
remainder. The conglomerates comprising the majority of the unit contained granule to pebble
sized clasts similar in appearance to those of the Digby Formation with within a coarse grained
sandy matrix. The intermediate casing was set at 241.62mGL within this unit. The Wallala
Formation is interpreted as being formed from an eastern fluvial system.

3.4.5 Breeza Coal Measures (268.0 — 273.0m)

No coal profiling was performed at Kahlua 2 however occasional tuffaceous fragments were
noted in the Breeza Coal Member.

3.4.6 Benelabri Formation (273.00 — 301.35m)

The Benelabri Formation at Kahlua consisted of interbedded medium grained sandstone and
siltstone layers. One coal seam was noted towards the base of the unit. The contact with the
underlying Hoskissons Coal Member was a fine to medium grained sandstone with common silty
laminae. The Benelabri Formation is believed to be the result of a large lake system.
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3.4.7 Hoskissons Coal Member (301.35 — 308.95m)

The Hoskissons Coal at Kahlua 2 was intersected below the Benelabri Formation. No coal
profiling was performed.

3.4.8 Arkarula Formation (308.95 — 338.0m)

The Arkarula Formation is present immediately following the Hoskissons coal and consists of a
brief band of fine sandstone and siltstone followed by a thick medium to very coarse grained
sandstone. The formation is interpreted as having originated in a wave-dominated delta system as
a part of the Arkarula shallow marine system.

3.4.9 Pamboola Formation (338.0 — 384.0m)

The Pamboola Formation at Kahlua 2 is an interbedded siltstone and fine to medium grained
sandstone unit. The unit contains occasional carbonaceous traces and the Mellviles Coal Member
was intersected near the top of the unit. The Pamboola Formation is interpreted as being the
product of deposition within a major delta system.

3.4.10 Melvilles Coal Member (347.0 — 350.0m)

The Melvilles Coal Member at Kahlua 2 are located within the Pamboola Formation. The
underlying contact with the coal is an interbedded fine grained siltstone unit while the overlying
unit is a medium to coarse grained sandstone unit. No coal profiling was performed.

3.4.11 Watermark Formation (384.0 — 534.0m)

The Watermark Formation at Kahlua 2 transitions from a medium grained sandstone unit with
occasional silty bands to an interbedded very fine to fine grained sandstone and siltstone unit
fining towards the base. The upper Watermark is interpreted as having formed in a marine delta
system while the lower Watermark is interpreted as forming in the same marine-shelf as the
Porcupine Formation.

3.4.12 Porcupine Formation (534.0 — 600.0m)

The Porcupine Formation at Kahlua 2 is comprised of conglomerate dominated by siliceous
volcanic clasts with an organic-rich fine grained sandstone-siltstone matrix in the upper half
whilst the lower half contains a matrix of medium to coarse grained sandstone. The Porcupine
Formation is interpreted as a Late Permian marine incursion into the Gunnedah Basin.

3.4.13 Maules Creek Formation (600.0 — 678.0m)

The Maules Creek Formation at Kahlua 2 is dominated by conglomerate throughout, with
siltstone and mudstone bands associated as overlying or underlying units with the numerous coal
seams throughout.
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3.4.14 Leard Formation (678.0 — 695.0m)

The Leard Formation at Kahlua 2 is a brown pelletal claystone with a high organic content. The
formation was deposited through colluvial and alluvial processes with material derived from the
underlying basal rocks.

3.4.15 Total Depth
Driller: 695.00mRT
Logger: 695.00mRT

3.5 Coal Results

Approximately 34.18m of gross coal was recorded during drilling operations at Kahlua 2. No
coal profiling was conducted and no samples were sent for analysis.

Due to previous drilling and correlation work in the area coals intersected can be assigned to a
known coal member. The major coal members penetrated and their approximate thicknesses after
reconciliation with wireline logs are detailed below:

= Breeza Coal Member: ~1.46m

= Hoskissons Coal Member (Target): ~7.50m

= Melvilles Coal Member (Target): ~4.16m

= Maules Creek Coal Member: ~11.80m

3.6 Hydrocarbon Shows

No gas detector was used onsite to record hydrocarbon shows.
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4 DISCUSSION AND CONCLUSIONS

Kahlua 2 concluded drilling for Gunnedah Gas Pilot Project for the four wells to be drilled in the
area, further drilling will be undertaken in the southern part of PEL1 at a later date. As the well
has been suspended, the success of the program in assessing the hydrocarbon potential of PEL 1
and the deliverability of the Hoskissons and Melvilles Coal Members is yet to be determined.

An approximate total of 34.18 metres of coal from the Black Jack Group and Maules Creek
Formation was intersected throughout the borehole. The target Hoskissons Coal Member
presented with a thickness of ~7.50m and the Melvilles Coal Member presented with a thickness
of ~4.16m. No coal profiling was performed by the wellsite geologist as no core was collected.

Upon conclusion of drilling activities the borehole was suspended and the drill rig was released
on 13" December 2010.
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1 INTRODUCTION

Kahlua 3 was the third well to be drilled as part of the Santos (QNT) Pty Ltd, Gunnedah Gas
Pilot Project. Kahlua 3 along with Kahlua 4 and 5 will act as observations wells whilst Kahlua 2
is to act as the central pumping well. Broadly the project seeks to follow previous exploration
within PEL 1 to determine the hydrocarbon potential of the license and assess the deliverability
of the Hoskissons and Melvilles Coal Members. The project is also an extension of the farm-in
commitment that Santos has in PEL 1 with Australia Coalbed Methane (ACM) Pty Ltd.

Kahlua 3 spudded at 2:00 hours on 21* November 2010. The well penetrated a sequence
containing the early to mid Triassic Napperby Formation, the early Triassic Digby Formation
and the late Permian Black Jack Group. The hole reached Total Depth (TD) within the Late
Permian Watermark Formation.

The 17.5” (445mm) conductor hole was drilled to ~11m and 14” (356mm) conductor pipe
cemented in place. The surface hole 12.25” (311mm) was drilled to 259.50m and 9.625”
(245mm) casing cemented to surface within the Wallala Formation. Drilling continued utilising
an 8.5” (216mm) PCD bit and an 8.5” core bit until Total Depth “TD” was reached at 15:55
hours on 26™ November 2010 with a final depth of 402.50mRT (driller). 4.0” core was retrieved
conventionally from the Hoskissons and Melvilles Coal Members for the collection of
geomechanical samples. Earth Data Pty Ltd. provided the well-site geological supervision at
Kahlua 3.

A complete set of wireline logs was run at TD. In addition, a total of two drill stem tests (DSTs)
were performed upon penetration of the target Melvilles and Hoskissons Coal Members. Kahlua
3 was suspended at the completion of the testing program and the rig was released at 18:15 hours
on the 28" November 2010.
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Figure 1: Location Map of Kahlua 2-5
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Figure 2: Aerial Photo of Site Location
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2 WELL HISTORY
2.1 General Data

Well Name and Number:

Location: Latitude:
Longitude:

MGA Easting (m E):

MGA Northing (m N):

Zone

Elevations:  G.L.(m):
K.B.(m):

Petroleum Tenement:

Permit Operator:

Drilling Contractor:

Drilling Rig:

Date Drilling Commenced:
Date Drilling Completed:
Date Rig Released:

Drilling time (Spud to Rig
Release):

Total Depth: Driller
Logger

Status:

Kahlua 3

30°59'13.307" S (GDA 94)
150°00'35.245" E (GDA 94)
214436.48

6567996.90

56

318.50m A.S.L.

322.50m A.S.L.

PEL 1

SANTOS QNT PTY LTD
Level 22 Santos Place

32 Turbot Street

Brisbane Qld 4000

Eastern Well Drilling Pty Ltd
371 Taylor Street
TOOWOOMBA QLD 4350
EWG 103

02:00hrs on 21 November 2010
15:15hrs on 26 November 2010
18:15hrs on 28 November 2010

7.68 days

402.50mRT
402.10mRT

Suspended Gas Well
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2.2 Drilling Data

2.2.1 Introduction

Below is the operations summary for Kahlua 3. It has been compiled from the daily drilling
reports (Appendix 1) as sent in from the rig-site. A Santos Drilling Supervisor was present on-
site at all times to supervise drilling operations, manage third party contractors as well as monitor
safety and environmental concerns at the rig-site.

The well lease was prepared by Daracon Pty Ltd and a final well location was surveyed by
Stewart Surveys Pty Ltd with the details included in Appendix 2.

2.2.2 Kahlua 3 Drilling Summary

2.2.2.1 Conductor Casing

Size: 17.5” (445mm)
Interval: 0.00m —~11.00 m
Drilling Fluid: Air

The conductor hole 17.5” (445mm) was drilled by Daracon prior to well spud. The 14” (356mm)
conductor casing was installed and cemented from surface down to a depth of ~11.00mRT on the
same day.

2.2.2.2 Surface Hole

Size: 12.25” (311mm)
Interval: ~11.00m — 261.00m (shoe at 259.50m)
Drilling Fluid: Water and KC1

Kahlua 3 spudded at 02:00 hrs on 21* November 2010. The surface hole section 12.25”
(311mm) was drilled using an 12.25” PDC bit to a depth of 261.00mRT. The drill bit was
damaged during drilling which dramatically reduced the rate of penetration. A total of 21 joints
of 9.625” (245mm) K-55, BTC casing were run in to a shoe depth of 259.50mRT and fully
cemented to surface. A total of 605 sacks of cement were used to produce a lead slurry at
12.50ppg to cement from 210.00m to surface, a further 144 sacks were used to produce a tail
slurry at 14.80ppg to cement from casing shoe to 210.00m. Cement returns were good,
circulating, pumping and displacing returned 27.3 barrels of cement to surface. The casing was
then pressure tested to 1000psi for 5 minutes.

2.2.2.3 Production Hole

Size: 8.5” (216mm)
Interval: 261.00m — 402.50m
Drilling Fluid: Water and KCl

The 8.5” production hole section was drilled from 261.00 to 402.50mRT alternating between an
8.5” PCD bit and an 8.5” core bit, TD was reached 10.00m into the Watermark Formation. 4.0”
core was retrieved conventionally from the Hoskissons and Melvilles Coal Members for the
collection of geomechanical samples. DST’s were performed upon penetration of the target
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2.2.5 Drilling Fluid Data

Materials used in the mud system whilst drilling included salt (KCI) and fresh water sourced
locally. KClI (3-6%) was used to assist in maintaining mud weight and minimise clay swelling.

a) 0.00-~11.00m Air
b) ~11.00 -261.00m Water and KCI
¢) 261.00 —402.50m Water and KC1

2.2.6 Water Supply

Drilling water supply was obtained from dams near location and trucked to site.
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2.3 Drilling Contractors and Personnel

Project Leader : P Rhabraian

Drilling Engineer/Supervisor : B Goosem

Drilling Rig Representative : K Parker/S Hobday/E Bennett/D Malone
Drilling : Eastern Well Drilling Pty Ltd

Wellsite Geologist : A Price

Field Testing : Earth Data Pty Ltd

Cementing : Halliburton Pty Ltd

Mud Engineering : Eastern Well Drilling Pty Ltd

Wireline Logging : Weatherford Australia Wireline Pty Ltd
Well Testing : DST Australia

Casing Perforation : Not Conducted
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Figure 3: Kahlua 3 Time-Depth Curve
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Figure 4: Kahlua 3 Well Schematic
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2.4.6 Drill Stem Tests (“DST”)

Two DST tests were conducted at Kahlua 3.

= DST 1: 306.97 — 330.77m; Over Hoskissons Coal Member
=  DST 2: 350.54 — 365.10m; Over Melvilles Coal Member
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3 GEOLOGY

3.1 Reasons for Drilling

The Kahlua 3 borehole is part of the Santos Gunnedah Gas Pilot drilling program which is
designed to provide information on the hydrocarbon potential of PEL 1. In conjunction with the
Kahlua 3, 4 and 5 boreholes, Kahlua 2 will be the central pumping well used to appraise the
deliverability of the Hoskissons and Melvilles Coal Members. Results from the previously
drilled Kahlua 1 corehole were encouraging and suggested potential hydrocarbon resources in
the region.

3.2 Regional Geology of the Gunnedah Basin (taken from Tadros, 1993)

The effective Basement of the Gunnedah Basin sequence consists of the Boggabri Volcanics and
Werrie Basalts (Late Carboniferous to Early Permian age) that make up the economic floor of
the basin. These units contain un-deformed lavas, tuffs and intercalated sediments. The top of
these basal volcanics is deeply weathered, indicating an unconformity with the overlying units.

The Leard and Goonbri Formations unconformably overlie Basement (Figure 5). The Leard
Formation comprises Early Permian pelletal flint claystone, conglomerate, sandstone and
siltstone, commonly interbedded with coal. It forms a discontinuous thin veneer deposited in the
more deeply eroded and weathered basement structure. The Goonbri Formation unconformably
overlies the Boggabri Volcanics and the Leard Formation. It is a regressive lacustrine sequence
comprising predominantly bioturbated organic-rich siltstone and thin coal, coarsening upwards
to laminated siltstone and fine grained sandstone and then moderately well sorted medium
grained sandstone.

The Maules Creek Formation is an Early Permian alluvial to fluvial system which overlies and
onlaps both the Leard and Goonbri Formations. In the Mullaley Sub-basin, the Maules Creek
Formation is subdivided into a northern zone containing quartz rich sandstone; a central zone of
volcanogenic sediments; and a south eastern zone consisting of fine grained sediments rich in
coal. The boundary with the overlying Porcupine Formation is disconformable and the two
formations inter-finger each other.

The Porcupine Formation is a late Permian fan delta marine incursion into the Gunnedah Basin.
The unit is a fining up sequence from a para-conglomerate with a poorly sorted sandstone and
siltstone matrix at the base through an ortho-conglomerate with moderately sorted sandstone and
siltstone matrix to a homogeneous bioturbated sandstone and mudstone. The conglomerate clasts
are dominantly siliceous volcanics. The upper boundary with the overlying Watermark
Formation is gradational. In the western margin of the Basin, the Porcupine Formation is
approximately 10m thick.

The lower part of the Watermark Formation represents the maximum extent of the Late Permian
transgression. The upper part is a marine regression associated with the overlying Black Jack
delta system. The lower part is characterized by a fining up sequence from sandy siltstone at the
base to siltstone / claystone laminate at the top. The upper part consists of a major coarsening up
succession consisting of two distinctive units; the lower unit which is finely laminated siltstone
and claystone with sporadic “dropped pebbles”; and the upper unit which consists of well
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developed coarsening up sequences of siltstone, sandy siltstone to interbedded siltstone and
sandstone, the percentage of sandstone increases up the sequence.

The Late Permian Black Jack Group is divided into a deltaic lower unit containing the target
coals and an upper fluvial-lacustrine unit.
®= A basal lithic unit consisting of sandstone, siltstone, claystone, conglomerate and
intercalated coals thins towards, and onlaps, the western margin of the basin. The
Melvilles Coal Member within this unit is not thought to be present within PEL450. The
lithic unit is followed by the Arkarula Sandstone, a fine — medium grained lithic unit
which is in turn overlain, in the Mullaley Sub-basin, by medium — coarse — pebbly quartz
rich sandstone with a sharp erosive contact.
= The upper part of the Black Jack Group includes the Hoskissons Coal (primary target).
The coal consists of predominantly vitrinite poor/inertinite rich coal with subordinate
layers of fine sandstone, carbonaceous siltstone/claystone and tuff. The peat swamps
developed as a result of marine regression and are fluvial influenced with westerly
sourced quartzose channel fills seen along the western margin. The coal is overlain by the
coarse grained to conglomeratic, quartz rich Clare Sandstone Member, followed by a
lithic conglomerate and finally a fine grained tuffaceous coaly unit

The Early Triassic Digby Formation unconformably overlies the Permian sequence. The
Formation consists of a lower lithic conglomerate unit, quartz-lithic sandstone unit and an upper
quartzose unit. The lithic conglomerate unit formed as a result of an alluvial fan system and
consists of clast supported conglomerate with subordinate lithic sandstone. The clasts comprise
green and red jasper, chert and siliceous and mafic volcanics. The middle quartz -lithic
sandstone comprises approximately equal parts of quartz and lithics, locally conglomeratic
towards the base. The upper quartzose unit comprises predominantly quartzose sandstone with
subordinate conglomerate and claystone. Lithics are generally less than 25% of the composition.

The Early-Mid Triassic Napperby Formation is an overall upward coarsening sequence. The
lower part consists of dark grey claystone and finely interlaminated sandstone and mudstone.
The middle becomes increasingly silty and the upper unit comprises mainly off-white, medium
grained lithic sandstone. The Napperby Formation is unconformably overlain by the Late
Triassic—Early Jurassic Garrawilla Volcanics. These comprise alkali basalt flows, tuffs and
intrusives with weathered surfaces occurring sporadically. Flows are commonly vesicular and
contain common secondary zeolite mineralization.

The Garrawilla Volcanics are unconformably overlain by the Jurassic Purlawaugh Formation and
Pilliga Sandstone of the Surat Basin sequence. These are respectively flood plain and braided
stream deposits equivalent to the Hutton Sandstone sequence to the north.
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3.4.1 Napperby Formation (12.0 -177.0m)

The Napperby Formation consists of an upper band of siltstone and mudstone while the majority
of the remainder of the formation consists of fine to coarse grained sandstone interbedded with
siltstone. This gradational change from a fine siltstone to increasingly coarse sandstones through
the formation correlates with the interpretation of the unit being deposited in a lacustrine delta
environment.

3.4.2 Digby Formation (177.0 — 226.0m)

The Digby formation is typically comprised of two main units, an upper sandstone dominated
unit and a lower conglomerate dominated unit, at Kahlua 3 both the Ulinda Sandstone and the
Digby or Bomera Conglomerate were visible. The Ulinda Sandstone consisted of a band of
primarily medium grained sandstone. The Bomera Conglomerate was comprised of thick units of
multicoloured lithics and volcanic pebbles within a sandy matrix, the conglomerate was heat
affected in part and intruded by microcrystalline igneous rock towards the middle of the
formation. The Digby formation has been interpreted as being derived from massive alluvial
systems flowing from the New England Fold Belt.

3.4.3 Trinkey Formation (226.0 — 253.0m)

The Trinkey Formation at Kahlua 3 was dominated by white to grey tuffs and coal bands. The
high tuffaceous content of the unit can be attributed to the tephra ejected from the volcanoes of
the New England region.

3.4.4 Wallala Formation (253.0 — 290.0m)

The Wallala Formation at Kahlua 3 is a conglomerate dominated unit with a medium to coarse
grained sandstone band at the top of the unit. The conglomerates comprising the majority of the
unit contained granule to pebble sized clasts similar in appearance to those of the Digby
Formation within a coarse grained sandy matrix. The intermediate casing was set at 259.5mGL
within this unit. The Wallala Formation is interpreted as being formed from an eastern fluvial
system.

3.4.5 Breeza Coal Member (290.0 — 292.0m)

No coal profiling was performed in the Breeza Coal at Kahlua 3 however occasional tuffaceous
fragments were noted in the Breeza Coal Member.

3.4.6 Benelabri Formation (292.00 — 310.0m)

The Benelabri Formation at Kahlua 3 consisted of interbedded medium grained sandstone and
siltstone layers with occasional coal bands. The Benelabri Formation is believed to be the result
of a large lake system.
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3.4.7 Hoskissons Coal Measures (310.0 — 316.36m)

The Hoskissons Coal at Kahlua 3 was intersected below the Benelabri Formation. The coal is
predominately dull near the top of the Hoskissons and generally increasing in brightness towards
the base.

3.4.8 Arkarula Formation (316.36 — 341.0m)

The Arkarula Formation is present immediately following the Hoskissons coal and consists of a
band of fine sandstone and siltstone followed by a medium to very coarse grained sandstone. The
formation is interpreted as having originated in a wave-dominated delta system as a part of the
Arkarula shallow marine system.

3.4.9 Pamboola Formation (341.0 — 392.0m)

The Pamboola Formation at Kahlua 3 is an interbedded siltstone and fine to medium grained
sandstone unit. The unit contains occasional carbonaceous traces and the Melvilles Coal Member
were intersected near the top of the unit. The Pamboola Formation is interpreted as being the
product of deposition within a major delta system.

3.4.10 Melvilles Coal Member (354.15 — 358.63m)

The Melvilles Coal Member at Kahlua 3 are located within the Pamboola Formation. The
underlying contact with the coal is an interbedded fine grained siltstone unit while the overlying
unit is a medium grained sandstone unit. The coal is predominantly dull with minor bright bands
and moderately fractured.

3.4.11 Watermark Formation (392.0 — 402.5m)

The Watermark Formation at Kahlua 3 is a fine to medium grained sandstone unit with
occasional silty bands. The upper Watermark is interpreted as having formed in a marine delta
system.

3.4.12 Total Depth

Driller: 402.50mRT
Logger: 402.10mRT

3.5 Coal Results

Approximately 25.7m of gross coal was recorded at Kahlua 3, 19.24m of this is inferred from
chip samples and wireline logging, while the remaining 6.46m was directly measured from core.
Coal profiling was conducted only on the cored coal; geomechanical samples were collected and
sent for analysis.
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Due to previous drilling and correlation work in the area coals intersected can be assigned to a
known coal member. The major coals penetrated and their approximate thicknesses after
reconciliation with wireline logs are detailed below:

=  Breeza Coal Member: ~0.70m

= Hoskissons Coal Member (Target): 7.34m

= Melvilles Coal Member (Target): 4.36m

3.6 Hydrocarbon Shows

No gas detector was used onsite to record hydrocarbon shows.
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4 DISCUSSION AND CONCLUSIONS

Kahlua 3 was the third well drilled for Gunnedah Gas Pilot Project of the Kahlua portion of the
investigation into PEL 1. As the well has been suspended the success of the program in assessing
the hydrocarbon potential of PEL 1 and the deliverability of the Hoskissons and Melvilles Coal
Members is yet to be determined.

An approximate total of 25.7 metres of coal from the Black Jack Group was intersected
throughout the borehole. The target Hoskissons Coal Member presented with a thickness of
7.34m and the Melvilles Coal Member presented with a thickness of 4.36m.

Upon conclusion of drilling activities the borehole was suspended and the drill rig was released
on 28™ November 2010.
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1 INTRODUCTION

Kahlua 4 was the first well to be drilled as part of the Santos (QNT) Pty Ltd, Gunnedah Gas Pilot
Project. Kahlua 4 along with Kahlua 3 and 5 will act as observations wells whilst Kahlua 2 is to
act as the central pumping well. The project seeks to follow previous exploration within PEL 1 to
determine the hydrocarbon potential of the license and assess the deliverability of the Hoskissons
and Melvilles Coal Members. The project is also an extension of the farm-in commitment that
Santos has in PEL 1 with Australia Coalbed Methane (ACM) Pty Ltd.

Kahlua 4 spudded at 21:30 hours on 4™ November 2010. The well penetrated a sequence
containing the early to mid Triassic Napperby Formation, the early Triassic Digby Formation,
and the late Permian Black Jack Group. The hole reached Total Depth (TD) within the Late
Permian Watermark Formation.

The 17.5” (445mm) conductor hole was drilled to ~11m and 14” (356mm) conductor pipe
cemented in place. The surface hole 12.25” (311mm) was drilled to 232.00m and 9.625”
(245mm) casing cemented to surface within the Wallala Formation. Drilling continued utilising
an 8.5” (216mm) PDC bit until Total Depth “TD” was reached at 16:45 hours on 5" December
2010 with a final depth of 409.00mRT (driller). Earth Data Pty Ltd. provided the well-site
geological supervision and desorption sample monitoring at Kahlua 4.

A complete set of wireline logs was run at TD and the rig was released at 22:00 hours on the 10"
November 2010.
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Figure 1: Location Map of Kahlua 2-5
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Figure 2: Aerial Photo of Site Location
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2 WELL HISTORY
2.1 General Data

Well Name and Number:

Location: Latitude:
Longitude:

MGA Easting (m E):

MGA Northing (m N):

Zone

Elevations:  G.L.(m):
K.B.(m):

Petroleum Tenement:

Permit Operator:

Drilling Contractor:

Drilling Rig:

Date Drilling Commenced:
Date Drilling Completed:
Date Rig Released:

Drilling time (Spud to Rig
Release):

Total Depth: Driller
Logger

Status:

Kahlua 4

30° 58'46.994" S (GDA 94)
150°00'45.500" E (GDA 94)
214686.85

6568814.77

56

313.70m A.S.L.

317.70m A.S.L.

PEL 1

SANTOS QNT PTY LTD
Level 22 Santos Place

32 Turbot Street

Brisbane Qld 4000

Eastern Well Drilling Pty Ltd
371 Taylor Street
TOOWOOMBA QLD 4350
EWG 103

21:30hrs on 04 November 2010
10:00hrs on 07 November 2010
22:00hrs on 10 November 2010

6.02 days

409.00m
409.20m

Suspended Gas Well

Earth Data Pty Ltd
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2.2 Drilling Data

2.2.1 Introduction

Below is the operations summary for Kahlua 4. It has been compiled from the daily drilling
reports (Appendix 1) as sent in from the rig-site. A Santos Drilling Supervisor was present on-
site at all times to supervise drilling operations, manage third party contractors as well as monitor
safety and environmental concerns at the rig-site.

The well lease was prepared by Daracon Pty Ltd and a final well location was surveyed by
Stewart Surveys Pty Ltd with the details included in Appendix 2.

2.2.2 Kahlua 4 Drilling Summary

2.2.2.1 Conductor Casing

Size: 17.5” (445mm)
Interval: 0.00m —~11.00 m
Drilling Fluid: Air

The conductor hole 17.5” (445mm) was drilled by Daracon prior to well spud. The 14” (356mm)
conductor casing was installed and cemented from surface down to a depth of ~11.00mGL on the
same day.

2.2.2.2 Surface Hole

Size: 12.25” (311mm)
Interval: ~11.00m — 232.00m (shoe at 230.60m)
Drilling Fluid: Water and KC1

Kahlua 4 spudded at 21:30 hrs on 4™ November 2010. The surface hole section 12.25” (311mm)
was drilled using an 12.25” PDC bit to a depth of 232.0mRT. No problems were encountered
while drilling out this section of the borehole. A total of 19 joints of 9.625” (245mm) K-55, BTC
casing were run in to a shoe depth of 230.60mRT and fully cemented to surface. A total of 424
sacks of cement were used to produce a lead slurry at 12.50ppg to cement from 155.00m to
surface, a further 149 sacks were used to produce a tail slurry at 14.80ppg to cement from casing
shoe to 155.00m. Cement returns were good, circulating, pumping and displacing returned 24.5
barrels of cement to surface. The casing was then pressure tested to 1000psi for 5 minutes.

2.2.2.3 Production Hole

Size: 8.5” (216mm)
Interval: 232.00m — 409.00m
Drilling Fluid: Water and KC1

The 8.5 hole section was drilled from 232.00 to 409.00mGL using a 8.5 PDC bit. After TD had
been reached production casing was run with a shoe depth of 409.00m and fully cemented to
surface. A total of 32 joints of 77 (178mm) steel and fibreglass casing was used with 30 joints of
steel K-55, 231bs/ft, BTC casing and 2 joints of fibreglass DHC350, 7.61bs/ft, 4rd casing set over
the target seams. A total of 207 sacks of cement were used to produce a lead slurry at 12.00ppg
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2.2.6 Water Supply

Drilling water supply was obtained from dams near location and trucked to site.
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2.3 Drilling Contractors and Personnel

Project Leader : P Rhabraian

Drilling Engineer/Supervisor : B Goosem

Drilling Rig Representative : K Parker/S Hobday/E Bennett/D Malone
Drilling : Eastern Well Drilling Pty Ltd

Wellsite Geologist : A Price

Field Testing : Earth Data Pty Ltd

Cementing : Halliburton Pty Ltd

Mud Engineering : Eastern Well Drilling Pty Ltd

Wireline Logging : Weatherford Australia Wireline Pty Ltd
Well Testing : DST Australia

Casing Perforation : Not Conducted
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Figure 3: Kahlua 4 Time-Depth Curve
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Figure 4: Kahlua 4 Well Schematic
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3 GEOLOGY

3.1 Reasons for Drilling

The Kahlua 4 borehole is part of the Santos Gunnedah Gas Pilot drilling program which is
designed to provide information on the hydrocarbon potential of PEL 1. In conjunction with the
Kahlua 2, 3 and 5 boreholes, Kahlua 4 will be an observation well used to appraise the
deliverability of the Hoskissons and Melvilles coal seams. Results from the previously drilled
Kahlua 1 corehole were encouraging and suggested potential hydrocarbon resources in the
region.

3.2 Regional Geology of the Gunnedah Basin (taken from Tadros, 1993)

The effective Basement of the Gunnedah Basin sequence consists of the Boggabri Volcanics and
Werrie Basalts (Late Carboniferous to Early Permian age) that make up the economic floor of
the basin. These units contain un-deformed lavas, tuffs and intercalated sediments. The top of
these basal volcanics is deeply weathered, indicating an unconformity with the overlying units.

The Leard and Goonbri Formations unconformably overlie Basement (Figure 5). The Leard
Formation comprises Early Permian pelletal flint claystone, conglomerate, sandstone and
siltstone, commonly interbedded with coal. It forms a discontinuous thin veneer deposited in the
more deeply eroded and weathered basement structure. The Goonbri Formation unconformably
overlies the Boggabri Volcanics and the Leard Formation. It is a regressive lacustrine sequence
comprising predominantly bioturbated organic-rich siltstone and thin coal, coarsening upwards
to laminated siltstone and fine grained sandstone and then moderately well sorted medium
grained sandstone.

The Maules Creek Formation is an Early Permian alluvial to fluvial system which overlies and
onlaps both the Leard and Goonbri Formations. In the Mullaley Sub-basin, the Maules Creek
Formation is subdivided into a northern zone containing quartz rich sandstone; a central zone of
volcanogenic sediments; and a south eastern zone consisting of fine grained sediments rich in
coal. The boundary with the overlying Porcupine Formation is disconformable and the two
formations inter-finger each other.

The Porcupine Formation is a late Permian fan delta marine incursion into the Gunnedah Basin.
The unit is a fining up sequence from a para-conglomerate with a poorly sorted sandstone and
siltstone matrix at the base through an ortho-conglomerate with moderately sorted sandstone and
siltstone matrix to a homogeneous bioturbated sandstone and mudstone. The conglomerate clasts
are dominantly siliceous volcanics. The upper boundary with the overlying Watermark
Formation is gradational. In the western margin of the Basin, the Porcupine Formation is
approximately 10m thick.

The lower part of the Watermark Formation represents the maximum extent of the Late Permian
transgression. The upper part is a marine regression associated with the overlying Black Jack
delta system. The lower part is characterized by a fining up sequence from sandy siltstone at the
base to siltstone / claystone laminate at the top. The upper part consists of a major coarsening up
succession consisting of two distinctive units; the lower unit which is finely laminated siltstone
and claystone with sporadic “dropped pebbles”; and the upper unit which consists of well
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developed coarsening up sequences of siltstone, sandy siltstone to interbedded siltstone and
sandstone, the percentage of sandstone increases up the sequence.

The Late Permian Black Jack Group is divided into a deltaic lower unit containing the target
coals and an upper fluvial-lacustrine unit.
®= A basal lithic unit consisting of sandstone, siltstone, claystone, conglomerate and
intercalated coals thins towards, and onlaps, the western margin of the basin. The
Melvilles Coal Member within this unit is not thought to be present within PEL450. The
lithic unit is followed by the Arkarula Sandstone, a fine — medium grained lithic unit
which is in turn overlain, in the Mullaley Sub-basin, by medium — coarse — pebbly quartz
rich sandstone with a sharp erosive contact.
= The upper part of the Black Jack Group includes the Hoskissons Coal (primary target).
The coal consists of predominantly vitrinite poor/inertinite rich coal with subordinate
layers of fine sandstone, carbonaceous siltstone/claystone and tuff. The peat swamps
developed as a result of marine regression and are fluvial influenced with westerly
sourced quartzose channel fills seen along the western margin. The coal is overlain by the
coarse grained to conglomeratic, quartz rich Clare Sandstone Member, followed by a
lithic conglomerate and finally a fine grained tuffaceous coaly unit

The Early Triassic Digby Formation unconformably overlies the Permian sequence. The
Formation consists of a lower lithic conglomerate unit, quartz-lithic sandstone unit and an upper
quartzose unit. The lithic conglomerate unit formed as a result of an alluvial fan system and
consists of clast supported conglomerate with subordinate lithic sandstone. The clasts comprise
green and red jasper, chert and siliceous and mafic volcanics. The middle quartz -lithic
sandstone comprises approximately equal parts of quartz and lithics, locally conglomeratic
towards the base. The upper quartzose unit comprises predominantly quartzose sandstone with
subordinate conglomerate and claystone. Lithics are generally less than 25% of the composition.

The Early-Mid Triassic Napperby Formation is an overall upward coarsening sequence. The
lower part consists of dark grey claystone and finely interlaminated sandstone and mudstone.
The middle becomes increasingly silty and the upper unit comprises mainly off-white, medium
grained lithic sandstone. The Napperby Formation is unconformably overlain by the Late
Triassic—Early Jurassic Garrawilla Volcanics. These comprise alkali basalt flows, tuffs and
intrusives with weathered surfaces occurring sporadically. Flows are commonly vesicular and
contain common secondary zeolite mineralization.

The Garrawilla Volcanics are unconformably overlain by the Jurassic Purlawaugh Formation and
Pilliga Sandstone of the Surat Basin sequence. These are respectively flood plain and braided
stream deposits equivalent to the Hutton Sandstone sequence to the north.
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sandstones through the formation correlates with the interpretation of the unit being deposited in
a lacustrine delta environment.

3.4.2 Digby Formation (168.0 — 197.0m)

The Digby formation is typically comprised of two main units, an upper sandstone dominated
unit and a lower conglomerate dominated unit, at Kahlua 4 both the Ulinda Sandstone and the
Digby or Bomera Conglomerate were visible. The Ulinda Sandstone consisted of a band of
primarily very fine grained sandstone. The Bomera Conglomerate was comprised of thick units
of multicoloured lithics and volcanic pebbles within a sandy matrix. The Digby formation has
been interpreted as being derived from massive alluvial systems flowing from the New England
Fold Belt.

3.4.3 Trinkey Formation (197.0 — 222.0m)

The Trinkey Formation at Kahlua 4 was dominated by white to grey tuffs and coal bands. A fine
to medium grained quartzose sandstone band was noted in the middle of the unit. The high
tuffaceous content of the unit can be attributed to the tephra ejected from the volcanoes of the
New England region.

3.4.4 Wallala Formation (234.0 — 262.0m)

The Wallala Formation at Kahlua 4 is coarse grained sandstone — conglomerate dominated unit
with occasional tuffaceous sections associated with minor coal seams. The conglomerates
comprising the most significant portion of the unit contained granule to pebble sized clasts
similar in appearance to those of the Digby Formation with within a coarse grained sandy matrix.
The intermediate casing was set at 240.60mRT within this unit. The Wallala Formation is
interpreted as being formed from an eastern fluvial system.

3.4.5 Breeza Coal Measures (262.0 — 264.0m)

No coal profiling was performed at Kahlua 4 however occasional tuffaceous fragments were
noted in the Breeza Coal Member.

3.4.6 Benelabri Formation (264.00 — 292.00m)

The Benelabri Formation at Kahlua consisted of interbedded medium grained sandstone and
mudstone layers. No coal was noted in the unit however occasional carbonaceous mudstone
bands with minor coaly fragments were seen. The contact with the underlying Hoskissons Coal
Member was a fine grained quartz lithic sandstone with on top of a mudstone band with minor
coaly fragments. The Benelabri Formation is believed to be the result of a large lake system.

3.4.7 Hoskissons Coal Measures (292.00 — 300.00m)

The Hoskissons Coal at Kahlua 4 was intersected below the Benelabri Formation. No coal
profiling was performed.
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3.4.8 Arkarula Formation (300.00 — 316.0m)

The Arkarula Formation is present immediately following the Hoskissons coal. The upper
contact of the unit with the Hoskissons coal is defined by a mudstone unit which grades to a
silitstone. The base of the unit is comprised of quartz lithic sandstone which is typical of the
Arkarula formation throughout the basin. The formation is interpreted as having originated in a
wave-dominated delta system as a part of the Arkarula shallow marine system.

3.4.9 Pamboola Formation (316.0 — 384.0m)

The Pamboola Formation at Kahlua 4 is an interbedded very fine to medium grained quartz lithic
sandstone and mudstone unit. The unit contains occasional carbonaceous traces and the Mellviles
Coal Member were intersected near the top of the unit. The Pamboola Formation is interpreted as
being the product of deposition within a major delta system.

3.4.10 Melvilles Coal Measures (340.0 — 344.0m)

The Melvilles Coal Member at Kahlua 4 are located within the Pamboola Formation. The
overlying contact with the coal is a very fine to fine grained quartzose sandstone unit while the
underlying unit is a mudstone unit. No coal profiling was performed.

3.4.11 Watermark Formation (384.0 —-409.0m)

The Watermark Formation at Kahlua 4 transitions from a very fine to fine grained quartzose
sandstone unit to a siltstone unit towards TD. The upper Watermark is interpreted as having
formed in a marine delta system while the lower Watermark is interpreted as forming in the same
marine-shelf as the Porcupine Formation.

3.4.12 Total Depth

Driller: 409.00m
Logger: 409.20m

3.5 Coal Results

Approximately 27.40m of gross coal was recorded during drilling operations at Kahlua 2. No
coal profiling was conducted and no samples were sent for analysis.

Due to previous drilling and correlation work in the area coals intersected can be assigned to a
known coal sections. The major coals penetrated and their approximate thicknesses after
reconciliation with wireline logs are detailed below:

=  Breeza Coal Member: ~0.50m

= Hoskissons Coal Member (Target): ~7.25m

= Melvilles Coal Member (Target): ~3.12m
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3.6 Hydrocarbon Shows

No gas detector was used onsite to record hydrocarbon shows.
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4 DISCUSSION AND CONCLUSIONS

Kahlua 4 was the first well drilled for Gunnedah Gas Pilot Project initiating the Kahlua portion
of the investigation into PEL 1. As the well has been suspended the success of the program in
assessing the hydrocarbon potential of PEL 1 and the deliverability of the Hoskissons and
Melvilles Coal Members is yet to be determined.

An approximate total of 27.40 metres of coal from the Black Jack Group was intersected
throughout the borehole. The target Hoskissons Coal Member presented with a thickness of
~7.25m and the Melvilles Coal Member presented with a thickness of ~3.12m. No coal profiling
was performed by the wellsite geologist as no core was collected.

Upon conclusion of drilling activities the borehole was suspended and the drill rig was released
on 10" November 2010.
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1 INTRODUCTION

Kahlua 5 was the third well to be drilled as part of the Santos (QNT) Pty Ltd, Gunnedah Gas
Pilot Project. Kahlua 5 along with Kahlua 3 and 4 will act as observation wells whilst Kahlua 2
is to act as the central pumping well. Broadly the project seeks to follow previous exploration
within PEL 1 to determine the hydrocarbon potential of the license and assess the deliverability
of the Hoskissons and Melvilles Coal Members. The project is also an extension of the farm-in
commitment that Santos has in PEL 1 with Australia Coalbed Methane (ACM) Pty Ltd.

Kahlua 5 spudded at 12:00 hours on 13™ November 2010. The well penetrated a sequence
containing the early to mid Triassic Napperby Formation, the early Triassic Digby Formation,
and the late Permian Black Jack Group. The hole reached Total Depth (TD) within the Late
Permian Watermark Formation.

The 17.5” (445mm) conductor hole was drilled to ~11m and 14” (356mm) conductor pipe
cemented in place. The surface hole 12.25” (311mm) was drilled to 245.00m and 9.625”
(245mm) casing cemented to surface within the Wallala Formation. Drilling continued utilising
an 8.5” (216mm) PDC bit and an 8.5 core bit over target seams until Total Depth “TD” was
reached at 13:00 hours on 16™ November 2010 with a final depth of 410.00mRT (driller). 4.0”
core was retrieved conventionally from the Hoskissons and Melvilles Coal Members for the
collection of geomechanical samples. Earth Data Pty Ltd. provided the well-site geological
supervision at Kahlua 5.

A complete set of wireline logs was run at TD and the rig was released at 9:00 hours on the 18"
November 2010.
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Figure 1: Location Map of Kahlua 2-5
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Figure 2: Aerial Photo of Site Location
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2 WELL HISTORY
2.1 General Data

Well Name and Number:

Location: Latitude:
Longitude:

MGA Easting (m E):

MGA Northing (m N):

Zone

Elevations:  G.L.(m):
K.B.(m):

Petroleum Tenement:

Permit Operator:

Drilling Contractor:

Drilling Rig:

Date Drilling Commenced:
Date Drilling Completed:
Date Rig Released:

Drilling time (Spud to Rig
Release):

Total Depth: Driller
Logger

Status:

Kahlua 5

30° 58'48.340" S (GDA 94)
150°0020.191" E (GDA 94)
214016.24

6568755.23

56

307.60m A.S.L.

311.60m A.S.L.

PEL 1

SANTOS QNT PTY LTD
Level 22 Santos Place

32 Turbot Street

Brisbane Qld 4000

Eastern Well Drilling Pty Ltd
371 Taylor Street
TOOWOOMBA QLD 4350
EWG 103

12:00hrs on 13 November 2010
13:00hrs on 16 November 2010
9:00hrs on 18 November 2010

4.83 days

410.00m
410.20m

Suspended Gas Well
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2.2 Drilling Data

2.2.1 Introduction

Below is the operations summary for Kahlua 5. It has been compiled from the daily drilling
reports (Appendix 1) as sent in from the rig-site. A Santos Drilling Supervisor was present on-
site at all times to supervise drilling operations, manage third party contractors as well as monitor
safety and environmental concerns at the rig-site.

The well lease was prepared by Daracon Pty Ltd and a final well location was surveyed by
Stewart Surveys Pty Ltd with the details included in Appendix 2.

2.2.2 Kahlua 5 Drilling Summary

2.2.2.1 Conductor Casing

Size: 17.5” (445mm)
Interval: 0.00m —~11.00 m
Drilling Fluid: Air

The conductor hole 17.5” (445mm) was drilled by Daracon prior to well spud. The 14” (356mm)
conductor casing was installed and cemented from surface down to a depth of ~11.00mGL on the
same day.

2.2.2.2 Surface Hole

Size: 12.25” (311mm)
Interval: ~11.00m — 245.00m (shoe at 243.30m)
Drilling Fluid: Water and KC1

Kahlua 5 spudded at 12:00 hrs on 13™ November 2010. The surface hole section 12.25”
(311mm) was drilled using an 12.25” PDC bit to a depth of 245.0mRT. No problems were
encountered while drilling out this section of the borehole. A total of 20 joints of 9.625”
(245mm) K-55, BTC casing were run in to a shoe depth of 243.30mRT and fully cemented to
surface. A total of 557 sacks of cement were used to produce a lead slurry at 12.50ppg to cement
from 175.00m to surface, a further 151 sacks were used to produce a tail slurry at 14.80ppg to
cement from casing shoe to 175.00m. Cement returns were good, circulating, pumping and
displacing returned 42.2 barrels of cement to surface. The casing was then pressure tested to
1000psi for 5 minutes.

2.2.2.3 Production Hole

Size: 8.5” (216mm)
Interval: 245.00m —410.00m (shoe at 409.34m)
Drilling Fluid: Water and KCl

The 8.5 hole section was drilled from 245.00 to 410.00mRT alternating between an 8.5 PDC
bit and an 8.5” coring bit. 4” Core was collected from 295.00-312.5mRT and 345.59-363.00mRT
over the target Hoskissons and Melvilles Coal Member to provide geotechnical samples. After
TD had been reached production casing was run with a shoe depth of 409.34m and fully
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2.2.6 Water Supply

Drilling water supply was obtained from dams near location and trucked to site.
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2.3 Drilling Contractors and Personnel

Project Leader : P Rhabraian

Drilling Engineer/Supervisor : B Goosem

Drilling Rig Representative : E Bennett/D Malone

Drilling : Eastern Well Drilling Pty Ltd
Wellsite Geologist : L. Karlson/J. Morgan-Moodie
Field Testing : Earth Data Pty Ltd
Cementing : Halliburton Pty Ltd

Mud Engineering : Eastern Well Drilling Pty Ltd
Wireline Logging : Weatherford Australia Wireline Pty Ltd
Well Testing : DST Australia

Casing Perforation : Not Conducted
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Figure 3: Kahlua 5 Time-Depth Curve
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Figure 4: Kahlua 5 Well Schematic
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2.4.6 Drill Stem Tests (“DST”)
No DST tests were performed at Kahlua 5.
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3 GEOLOGY

3.1 Reasons for Drilling

The Kahlua 5 borehole is part of the Santos Gunnedah Gas Pilot drilling program which is
designed to provide information on the hydrocarbon potential of PEL 1. In conjunction with the
Kahlua 2, 3 and 4 boreholes, Kahlua 5 will be an observation well used to appraise the
deliverability of the Hoskissons and Melvilles coal seams. Results from the previously drilled
Kahlua 1 corehole were encouraging and suggested potential hydrocarbon resources in the
region.

3.2 Regional Geology of the Gunnedah Basin (taken from Tadros, 1993)

The effective Basement of the Gunnedah Basin sequence consists of the Boggabri Volcanics and
Werrie Basalts (Late Carboniferous to Early Permian age) that make up the economic floor of
the basin. These units contain un-deformed lavas, tuffs and intercalated sediments. The top of
these basal volcanics is deeply weathered, indicating an unconformity with the overlying units.

The Leard and Goonbri Formations unconformably overlie Basement (Figure 5). The Leard
Formation comprises Early Permian pelletal flint claystone, conglomerate, sandstone and
siltstone, commonly interbedded with coal. It forms a discontinuous thin veneer deposited in the
more deeply eroded and weathered basement structure. The Goonbri Formation unconformably
overlies the Boggabri Volcanics and the Leard Formation. It is a regressive lacustrine sequence
comprising predominantly bioturbated organic-rich siltstone and thin coal, coarsening upwards
to laminated siltstone and fine grained sandstone and then moderately well sorted medium
grained sandstone.

The Maules Creek Formation is an Early Permian alluvial to fluvial system which overlies and
onlaps both the Leard and Goonbri Formations. In the Mullaley Sub-basin, the Maules Creek
Formation is subdivided into a northern zone containing quartz rich sandstone; a central zone of
volcanogenic sediments; and a south eastern zone consisting of fine grained sediments rich in
coal. The boundary with the overlying Porcupine Formation is disconformable and the two
formations inter-finger each other.

The Porcupine Formation is a late Permian fan delta marine incursion into the Gunnedah Basin.
The unit is a fining up sequence from a para-conglomerate with a poorly sorted sandstone and
siltstone matrix at the base through an ortho-conglomerate with moderately sorted sandstone and
siltstone matrix to a homogeneous bioturbated sandstone and mudstone. The conglomerate clasts
are dominantly siliceous volcanics. The upper boundary with the overlying Watermark
Formation is gradational. In the western margin of the Basin, the Porcupine Formation is
approximately 10m thick.

The lower part of the Watermark Formation represents the maximum extent of the Late Permian
transgression. The upper part is a marine regression associated with the overlying Black Jack
delta system. The lower part is characterized by a fining up sequence from sandy siltstone at the
base to siltstone / claystone laminate at the top. The upper part consists of a major coarsening up
succession consisting of two distinctive units; the lower unit which is finely laminated siltstone
and claystone with sporadic “dropped pebbles”; and the upper unit which consists of well
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developed coarsening up sequences of siltstone, sandy siltstone to interbedded siltstone and
sandstone, the percentage of sandstone increases up the sequence.

The Late Permian Black Jack Group is divided into a deltaic lower unit containing the target
coals and an upper fluvial-lacustrine unit.
®= A basal lithic unit consisting of sandstone, siltstone, claystone, conglomerate and
intercalated coals thins towards, and onlaps, the western margin of the basin. The
Melvilles Coal Member within this unit is not thought to be present within PEL450. The
lithic unit is followed by the Arkarula Sandstone, a fine — medium grained lithic unit
which is in turn overlain, in the Mullaley Sub-basin, by medium — coarse — pebbly quartz
rich sandstone with a sharp erosive contact.
= The upper part of the Black Jack Group includes the Hoskissons Coal (primary target).
The coal consists of predominantly vitrinite poor/inertinite rich coal with subordinate
layers of fine sandstone, carbonaceous siltstone/claystone and tuff. The peat swamps
developed as a result of marine regression and are fluvial influenced with westerly
sourced quartzose channel fills seen along the western margin. The coal is overlain by the
coarse grained to conglomeratic, quartz rich Clare Sandstone Member, followed by a
lithic conglomerate and finally a fine grained tuffaceous coaly unit.

The Early Triassic Digby Formation unconformably overlies the Permian sequence. The
Formation consists of a lower lithic conglomerate unit, quartz—lithic sandstone unit and an upper
quartzose unit. The lithic conglomerate unit formed as a result of an alluvial fan system and
consists of clast supported conglomerate with subordinate lithic sandstone. The clasts comprise
green and red jasper, chert and siliceous and mafic volcanics. The middle quartz -lithic
sandstone comprises approximately equal parts of quartz and lithics, locally conglomeratic
towards the base. The upper quartzose unit comprises predominantly quartzose sandstone with
subordinate conglomerate and claystone. Lithics are generally less than 25% of the composition.

The Early-Mid Triassic Napperby Formation is an overall upward coarsening sequence. The
lower part consists of dark grey claystone and finely interlaminated sandstone and mudstone.
The middle becomes increasingly silty and the upper unit comprises mainly off-white, medium
grained lithic sandstone. The Napperby Formation is unconformably overlain by the Late
Triassic—Early Jurassic Garrawilla Volcanics. These comprise alkali basalt flows, tuffs and
intrusives with weathered surfaces occurring sporadically. Flows are commonly vesicular and
contain common secondary zeolite mineralization.

The Garrawilla Volcanics are unconformably overlain by the Jurassic Purlawaugh Formation and
Pilliga Sandstone of the Surat Basin sequence. These are respectively flood plain and braided
stream deposits equivalent to the Hutton Sandstone sequence to the north.
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in chips sampled between 12.00 and 18.00 metres from the base of the formation indicating a
possible intrusion. This gradational change from a fine siltstone to increasingly coarser
sandstones through the formation correlates with the interpretation of the unit being deposited in
a lacustrine delta environment.

3.4.2 Digby Formation (180.0 — 214.0m)

The Digby formation is typically comprised of two main units, an upper sandstone dominated
unit and a lower conglomerate dominated unit, at Kahlua 5 both the Ulinda Sandstone and the
Digby or Bomera Conglomerate were visible. The Ulinda Sandstone consisted of a band of
primarily fine grained quartz-lithic sandstone. The Bomera Conglomerate was comprised of
thick units of multicoloured lithics and volcanic pebbles within a sandy matrix. The Digby
formation has been interpreted as being derived from massive alluvial systems flowing from the
New England Fold Belt.

3.4.3 Trinkey Formation (214.0 — 242.0m)

The Trinkey Formation at Kahlua 5 was dominated by white to grey tuffs and coal bands. A fine
grained lithic sandstone and siltstone band was noted towards the top of the unit before grading
into the tuffs and coals. The high tuffaceous content of the unit can be attributed to the tephra
ejected from the volcanoes of the New England region.

3.4.4 Wallala Formation (242.0 — 278.0m)

The Wallala Formation at Kahlua 5 was a predominately medium grained sandstone and
conglomerate unit with occasional tuffaceous sections associated with minor coal seams. The
conglomerates of the formation contained granule to pebble sized clasts similar in appearance to
those of the Digby Formation with within a coarse grained sandy matrix. The intermediate casing
was set at 243.30mRT within this unit. The Wallala Formation is interpreted as being formed
from an eastern fluvial system.

3.4.5 Breeza Coal Measures (278.0 — 282.0m)

No coal profiling was performed Kahlua 5 on the Breeza Coal Member however occasional
tuffaceous fragments were noted.

3.4.6 Benelabri Formation (282.00 — 303.49m)

The Benelabri Formation at Kahlua 5 consisted of interbedded fine grained sandstone and
carbonaceous mudstone layers with minor coal and tuffaceous bands throughout the unit. The
contact with the underlying Hoskissons Coal Member was a heavily fractured carbonaceous
mudstone unit. The first coring section commenced within the formation at 295.00mRT. The
Benelabri Formation is believed to be the result of a large lake system.

Earth Data Pty Ltd Page - 18 -




WELL COMPLETION REPORT Kahlua 5

3.4.7 Hoskissons Coal Measures (303.49 — 311.15m)

The Hoskissons Coal at Kahlua 5 was cored allowing coal profiling to be performed. As
is typical for the Hoskissons, the coal was heavily fractured with minimal to no cleating
with a dull to dull banded brightness profile and minor tuff bands delineating seams.

3.4.8 Arkarula Formation (311.15 — 330.0m)

The Arkarula Formation is present immediately following the Hoskissons coal. The upper
contact of the unit with the Hoskissons coal is defined by a mudstone unit with tuffaceous lenses.
The base of the unit is comprised of a quartz lithic sandstone which is typical of the Arkarula
formation throughout the basin. The first cored section finished at 312.50mRT within the
formation. The formation is interpreted as having originated in a wave-dominated delta system as
a part of the Arkarula shallow marine system.

3.4.9 Pamboola Formation (330.0 — 402.0m)

The Pamboola Formation at Kahlua 4 is an interbedded very fine to medium grained lithic
sandstone unit with occasional siltstone and mudstone beds. The second cored section was
conducted over the Melvilles coals within the Pamboola Formation between 345.59 and
363.00mRT. The unit contains occasional carbonaceous traces and the Mellviles Coal Member
were intersected near the top of the unit. The Pamboola Formation is interpreted as being the
product of deposition within a major delta system.

3.4.10 Melvilles Coal Measures (349.11 — 352.62m)

The Melvilles Coal Member at Kahlua 5 are located at the top of the Pamboola Formation. The
overlying contact with the coal is an interbedded fine grained lithic sandstone and siltstone unit
with a fine to medium grained lithic sandstone as the basal unit. The coal was uniformly dull
minor bright in profile with fracturing and minor cleating throughout, a minor tuff band splits the
coal measures.

3.4.11 Watermark Formation (384.0 -409.0m)

The Watermark Formation at Kahlua 5 transitions from a fine grained lithic sandstone unit to an
increasingly silty unit towards TD. The upper Watermark is interpreted as having formed in a
marine delta system while the lower Watermark which was not observed at Kahlua 5 is
interpreted as forming in the same marine-shelf as the underlying Porcupine Formation

3.4.12 Total Depth

Driller: 410.00m
Logger: 410.20m

3.5 Coal Results

Approximately 20.72m of gross coal was recorded during drilling operations at Kahlua 5 with
10.53m recovered in cored sections. Coal profiling was conducted over the cored sections with
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mostly dull to dull banded coal seen; this is typical of coals in the Gunnedah Basin. No coal
samples were sent for further analysis.

Due to previous drilling and correlation work in the area coals intersected can be assigned to a
known coal measure. The major coal measures penetrated and their approximate thicknesses
after reconciliation with wireline logs are detailed below:

= Breeza Coal Member: ~1.00m

= Hoskissons Coal Member (Target): 7.16m

= Melvilles Coal Member (Target): 3.37m

3.6 Hydrocarbon Shows

No gas detector was used onsite to record hydrocarbon shows.
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4 DISCUSSION AND CONCLUSIONS

Kahlua 5 was the first well drilled for Gunnedah Gas Pilot Project initiating the Kahlua portion
of the investigation into PEL 1. As the well has been suspended the success of the program in
assessing the hydrocarbon potential of PEL 1 and the deliverability of the Hoskissons and
Melvilles Coal Members is yet to be determined.

An approximate total of 20.72 metres of coal from the Black Jack Group was intersected
throughout the borehole. The target Hoskissons Coal Member presented in core with a thickness
of 7.16m and the Melvilles Coal Member presented with a thickness of 3.37m. Coal profiling
was performed by the wellsite geologist with coals typically dull to dull banded.

Upon conclusion of drilling activities the borehole was suspended and the drill rig was released
on 10™ November 2010.
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Coordinate Source:

6/3/202 = r.
Work Summary
GW036495
Licence: Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Work Type: Bore - Nested (2)
Work Status: Manual Observations,Monthly
Construct.Method: Rotary Mud
Owner Type: NSW Office of Water
Commenced Date: Final Depth: 34.00 m
Completion Date: 01/03/1984 Drilled Depth: 38.00 m
Contractor Name: (None)
Driller:
Assistant Driller:
Property: Standing Water Level (m):
GWMA: Salinity Description:
GW Zone: Yield (L/s):
Site Details
Site Chosen By:
County Parish
Form A: POTTINGER DENISON
Licensed:
Region: 90 - Barwon CMA Map: 8836-S
River Basin: 419 - NAMOI RIVER Grid Zone:
Areal/District:
Elevation: 271.20 m (A.H.D.) Northing: 6572969.000
Elevation Source: (unknown) Easting: 775823.000
GS Map: - MGA Zone: 55
Construction

Scale:

Latitude:
Longitude:

m?

Cadastre
RD ADJ 87//755491

30°56'40.3"S
149°53'13.1"E

SURV,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure

[ =8

m?



6/3/202 ] r. m?
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 28.50| 28.90
1 Casing Casing Protector -1.51 3.00 203
1 1| Casing PV.C. -1.50| 28.50 101 Seated on Bottom
1 Casing Casing Protector 0.00] 280 152
1 1| Opening Slots - Horizontal 23.00| 26.00 101 1 | Slotted On Site, A: 3.00mm
2 Backfill Backfill 34.00| 38.00
2 Casing Casing Protector -1.59 5.00 152
2 2 | Casing PV.C. -1.50| 34.00 101 Seated on Bottom
2 2 | Opening Slots - Horizontal 28.00] 31.00 101 2 | Slotted On Site, A: 3.00mm
Water Bearing Zones
From To " [Thickness |WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m (L/s) ?e}plh (hr) (mgi/L)
m
15.00 28.90 13.90 | Unconsolidated 0.31
27.00 29.00 2.00 | Unconsolidated 1.00
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) |(m) |(m)
0.00] 1.50 1.50 | Topsoil Topsoil
1.50| 3.00 1.50 | Clay Grey Clay
3.00| 6.00 3.00 | Clay Clay
6.00| 7.50 1.50 | Clay Grey Clay
7.50| 15.00 7.50 | Clay Red Clay
15.00| 21.00 6.00 | Sand Gravel Water Supply Sand
21.00 | 24.00 3.00 | Sand Fine Water Supply Sand
24.00 | 25.50 1.50 | Sand Gravel Water Supply Sand
25.50 | 27.00 1.50 | Sand Water Supply Sand
27.00 | 28.00 2.00 | Sand Gravel Water Supply Sand
29.00| 38.00 9.00 | Clay Clay
Remarks

01/11/1985: GOOLHI RD.

01/11/1985: ROADSIDE ADJ TO PORTION 83.
01/11/1985: HOLE 1-28.5M CAS NO 1-4 SCN NO 1.
01/11/1985: HOLE 2-34M CAS NO 6-8 SCN NO 3.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '83') & casing protector details (based on RL's), based in info provided in State Water

Survey database, provided by Jim Salmon.
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Coordinate Source:

6/3/202 = r.
Work Summary
GW036496
Licence: Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Work Type: Bore
Work Status: Manual Observations,Monthly
Construct.Method: Rotary Mud
Owner Type: NSW Office of Water
Commenced Date: Final Depth: 28.00 m
Completion Date: 01/03/1984 Drilled Depth: 54.20 m
Contractor Name: (None)
Driller:
Assistant Driller:
Property: Standing Water Level (m):
GWMA: Salinity Description:
GW Zone: Yield (L/s):
Site Details
Site Chosen By:
County Parish
Form A: POTTINGER DENISON
Licensed:
Region: 90 - Barwon CMA Map: 8836-S
River Basin: 419 - NAMOI RIVER Grid Zone:
Areal/District:
Elevation: 274.00 m (A.H.D.) Northing: 6573403.000
Elevation Source: (unknown) Easting: 773337.000
GS Map: - MGA Zone: 55
Construction

Scale:

Latitude:
Longitude:

m?

Cadastre
83//755491

30°56'28.3"S
149°51'39.1"E

SURV,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 e r. m?
Cemented; S-Sump; CE-Centralisers

Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 28.00| 54.20
1 1 |Casing PV.C. -1.50| 28.00 101 Seated on Bottom
1 Casing Casing Protector -1.09] 250 152
1 1| Opening Slots - Horizontal 21.00] 25.00 101 1 | Slotted On Site, A: 6.00mm
Water Bearing Zones
From To ~ [Thickness |[WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (L/s) Fe)Plh (hr) (mg/L)
m
21.00 25.00 4.00 | Unconsolidated 0.05
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) |(m) |(m)
0.00] 1.50 1.50 | Clay Dark Grey Clay
1.50| 4.50 3.00 |Clay Clay
450| 6.00 1.50 | Clay Light Brown Clay
6.00| 7.50 1.50 | Clay Yellow Clay
7.50| 9.00 1.50 | Clay Brownish Yellow Clay
9.00| 15.00 6.00 | Clay Light Brown Clay
15.00 | 16.50 1.50 | Clay White Light Brown Clay
16.50 | 21.00 4.50 | Clay Light Brown Clay
21.00] 22.50 1.50 | Clay Light Grey Coarse Sand Clay
22.50 | 27.00 4.50 | Clay Light Brown Light Grey Clay
27.00| 28.50 1.50 | Clay Light Grey Clay
28.50 | 40.50 12.00 | Clay Light Brown Clay
40.50 | 42.00 1.50 | Clay Clay
42.00 | 43.50 1.50 | Clay Light Brown Clay
43.50 | 45.00 1.50 | Clay Light Brown Clay
45.00 | 52.50 7.50 | Clay Clay
52.50 | 54.20 1.70 | Clay Light Yellow Very Fine Sandy Clay
54.20 | 54.21 0.01 | Sandstone Hard Sandstone
43.50 | 45.00 1.50 | Sand Fine Gravel Sand
Remarks

01/11/1985: GOOLHI RD.

01/11/1985: ROADSIDE ADJ TO PORTION 83.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '83') & casing protector details (based on RL's), based in info provided in State Water
Survey database, provided by Jim Salmon.
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Coordinate Source:

6/3/202 = r.
Work Summary
GW036497
Licence: Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Work Type: Bore
Work Status: Manual Observations,Monthly
Construct.Method: Rotary Mud
Owner Type: NSW Office of Water
Commenced Date: Final Depth: 28.00 m
Completion Date: 01/03/1984 Drilled Depth: 82.30 m
Contractor Name: (None)
Driller:
Assistant Driller:
Property: Standing Water Level (m):
GWMA: Salinity Description: Good
GW Zone: Yield (L/s):
Site Details
Site Chosen By:
County Parish
Form A: POTTINGER BENELABRI
Licensed:
Region: 90 - Barwon CMA Map: 8836-S
River Basin: 419 - NAMOI RIVER Grid Zone:
Areal/District:
Elevation: 269.70 m (A.H.D.) Northing: 6572675.000
Elevation Source: (unknown) Easting: 778844.000
GS Map: - MGA Zone: 55
Construction

Scale:

Latitude:
Longitude:

m?

Cadastre
103//755472

30°56'47.3"S
149°55'07.1"E

GD.,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 e r. m?
Cemented; S-Sump; CE-Centralisers

Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 28.00| 82.30
1 Casing Casing Protector -1.56| 540 203
1 1| Casing PV.C. -1.50| 28.00 101 Seated on Bottom
1 1| Opening Slots - Horizontal 18.00| 20.00 101 1 | Slotted On Site, A: 6.00mm
Water Bearing Zones
From To ~ [Thickness |[WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (Lis) Fe)Plh (hr) (mg/L)
m
16.50 21.00 4.50 | Unconsolidated 1.50 1.51
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) {(m) |(m)
0.00| 3.00 3.00 | Topsaoil Topsoil
3.00| 6.00 3.00 | Clay Hard Siliceous Band Clay
6.00| 7.50 1.50 | Clay Clay
7.50| 10.50 3.00 | Clay Sandy Clay
10.50| 12.00 1.50 | Clay Grey Sandy Clay
12.00| 13.50 1.50 | Clay Clay
13.50| 15.00 1.50 | Sand Gravel Sand
15.00| 16.50 1.50 | Sand Sand
16.50 | 21.00 4.50 | Sand Gravel Sand
21.00| 24.00 3.00 | Sand Gravel Sand
24.00| 25.50 1.50 | Sand Gravel Sand
25.50| 27.00 1.50 | Gravel Gravel
27.00| 28.50 1.50 | Clay Red Clay
28.50 | 30.00 1.50 | Clay Red Grey Clay
30.00| 37.50 7.50 | Clay Red Clay
37.50| 72.00 34.50 | Clay Clay
72.00| 82.00 10.00 | Clay Yellow Clay
82.00| 82.30 0.30 | Siltstone Dark Green Very Decomposed Cored Siltstone
12.00] 13.50 1.50 | Sand Gravel Sand
15.00 | 16.50 1.50 | Clay Clay
21.00 | 24.00 3.00 | Clay Sandy Clay
25.50| 27.00 1.50 | Clay Clay
72.00| 82.00 10.00 | Ironstone Hard Bands Ironstone
82.00| 82.30 0.30 | Or Fine Sandstone Ironstone Unknown
Remarks

01/11/1985: GOOLHI RD.

01/11/1985: ROADSIDE ADJ TO PORTION 103.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '103") & casing protector details (based on RL's), based in info provided in State Water
Survey database, provided by Jim Salmon.
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6/3/202

GW036499

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Region: 90

River Basin: 419 - NAMOI RIVER

Area/District:

Elevation: 269.40 m (A.H.D.)
Elevation Source: (unknown)

GS Map: -

Construction

WaterNSW

Work Summary

Licence Status:

Authorised Purpose(s):

Intended Purpose(s)

Bore - Nested (3)
Manual Observations,Monthly

: MONITORING BORE

Rotary Mud
NSW Office of Water
Final Depth: 66.00 m
01/04/1984 Drilled Depth: 71.00 m
(None)
Standing Water Level (m):
Salinity Description:
Yield (L/s):
County Parish
Form A: POTTINGER BENELABRI
Licensed:
- Barwon CMA Map: 8836-S
Grid Zone:
Northing: 6572685.000
Easting: 777250.000
MGA Zone: 55

Coordinate Source:

Scale:

Latitude:
Longitude:

Cadastre
7010//1062637

30°56'48.3"S
149°54'07 1"E

GD.,ACC.MAP

m?

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 r. m?
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 28.00| 29.00
1 1| Casing PV.C. -1.50| 28.00 101 Seated on Bottom
1 Casing Casing Protector -145| 5.00 203
1 1| Opening Slots - Horizontal 20.00] 23.00 101 1 | Slotted On Site, A: 6.00mm
2 Backfill Backfill 48.00| 50.00
2 2 |Casing PV.C. -1.50| 48.00 101 Seated on Bottom
2 Casing Casing Protector -1.45 5.00 203
2 2 | Opening Slots - Horizontal 42.00| 44.00 101 2 | Slotted On Site, A: 6.00mm
3 Backfill Backfill 66.00| 71.00
3 Casing Casing Protector -1.51 5.60 203
3 3 | Casing PV.C. -1.50| 66.00 101 Seated on Bottom
3 3 | Opening Slots - Horizontal 57.00] 59.00 101 3 | Slotted On Site, A: 6.00mm
Water Bearing Zones
From To - Thickness | WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (LIs) ?e)pth (hr) (mg/L)
m
20.00 24 .00 4.00 | Unconsolidated 15.60
32.00 44.00 12.00 | Unconsolidated
54.00 60.00 6.00 | Unconsolidated 15.60
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) f(m) |(m)
0.00] 2.00 2.00 | Topsoil Topsoil
2.00| 8.00 6.00 | Clay Clay
8.00| 10.00 2.00 | Clay Sandy Clay
10.00]| 12.00 2.00 | Sand Fine Sand
12.00| 14.00 2.00 | Sand Fine-medium Sand
14.00| 18.00 4.00 | Clay Sandy Clay
18.00 | 20.00 2.00 | Gravel Fine Sand Gravel
20.00 | 24.00 4.00 | Clay Red Sandy Water Bearing Clay
24.00| 28.00 4.00 | Clay Clay
28.00 | 30.00 2.00 | Clay Sandy Clay
30.00| 32.00 2.00 | Gravel Fine Multicoloured Gravel
32.00| 44.00 12.00 | Gravel Fine Multicoloured Water Supply Gravel
44.00 | 46.00 2.00 | Gravel Fine Multicoloured Gravel
46.00 | 48.00 2.00 | Clay Grey Sandy Clay
48.00 | 50.00 2.00 | Clay Very Sandy Clay
50.00 | 52.00 2.00 | Sand Medium Clay Sand
52.00 | 54.00 2.00 | Sand Medium Sand
54.00 | 60.00 6.00 | Clay Water Bearing Clay
60.00 | 66.00 6.00 | Clay Sandy Clay
66.00 | 70.00 4.00 | Clay Clay
70.00) 71.00 1.00 | Mudstone Weathered Cored Mudstone
32.00 | 44.00 12.00 | Sand Unknown
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6/3/202

GW036515

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Bore - Nested (3)
Instrumented

Rotary Mud

NSW Office of Water

01/09/1984

(None)

[ 8

WaterNSW

Work Summary

Licence Status:

Authorised Purpose(s):

Intended Purpose(s)

Final Depth
Drilled Depth

: MONITORING BORE

: 118.00 m
: 126.50 m

Standing Water Level (m):
Salinity Description:

Region
River Basin

: 90 - Barwon
: 419 - NAMOI RIVER

Area/District:

Elevation
Elevation Source

GS Map:

Construction

: 280.02m (A.H.D.)
: RL. at W.LM.Pt.

Yield (L/s):
County Parish
Form A: POTTINGER COOGAL
Licensed:
CMA Map: 8835-1N
Grid Zone: Scale:
Northing: 6565642.000 Latitude:
Easting: 773084.000 Longitude:
MGA Zone: 55 Coordinate Source:

Cadastre
197//704764

31°00'40.0"S
149°51'37.1"E

PR.,ACC.MAP

m?

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 e r m?
Cemented; S-Sump; CE-Centralisers

Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 1 |Casing PV.C. -1.50| 30.00 101 Seated on Bottom
1 Casing Casing Protector -1.21 5.40 203
1 1 |Opening Slots - Horizontal 20.00§ 23.00 101 1 | Slotted On Site, A: 3.00mm
2 2 | Casing P.V.C. -1.50| 71.00 101 Seated on Bottom
2 Casing Casing Protector -1.21 5.90 203
2 2 | Opening Slots - Horizontal 63.00| 65.00 101 2 | Slotted On Site, A: 3.00mm
3 Backfill Backfill 118.00 | 126.50
3 Casing Casing Protector -1.42 6.10 203
3 3 | Casing PV.C. -1.00| 118.00 101 Seated on Bottom
3 3 | Opening Slots - Horizontal 106.00 | 112.00 101 3 | Slotted On Site, A: 3.00mm

Water Bearing Zones

From To Thickness | WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (Lis) ?e}lﬂh (hr) (mgiL)
m
20.00 27.00 7.00 | Unconsolidated
62.00 66.00 4.00 | Unconsolidated
104.00 116.00 12.00 | Unconsolidated 14.60
Drillers Log
From |To [Thickness | Drillers Description Geological Material Comments
(m}) {(m) |(m)
0.00] 2.00 2.00 | Topsoil Topsoil
2.00| 16.00 14.00 | Clay Clay
16.00| 20.00 4.00 | Clay Sandy Clay
20.00| 22.00 2.00 | Clay Grey Sandy Water Bearing Clay
22.00| 27.00 5.00 | Sand Gravel Water Bearing Sand
27.00| 62.00 35.00 | Clay Sandy Clay
62.00| 66.00 4.00 | Sand Gravel Water Bearing Sand
66.00 | 84.00 18.00 | Clay Sandy Clay
84.00| 93.00 9.00 | Clay Sandy Clay
93.00| 97.00 4.00 | Sand Some Wood Sand
97.00 | 104.00 7.00 | Sand Some Gravel Sand
104.00 | 110.00 6.00 | Gravel Water Bearing Gravel
110.00 | 116.00 6.00 | Sand Gravel Water Bearing Sand
116.00 | 124.00 8.00 | Clay Sandy Some Gravel Clay
124.00 | 126.50 2.50 | Grey Hard Cored (Unknown)
Remarks

01/11/1985: PLAIN VIEW.

01/11/1985: ROADSIDE ADJ TO PORTION 193.

01/11/1985: HOLE 1-30M CAS NO 1-2 SCN NO 1.

01/11/1985: HOLE 2-71M CAS NO 4-5 SCN NO 3.

01/11/1985: HOLE 3-118M CAS NO 7-9 SCN NO 5.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '193") & casing protector details (based on RL's), based in info provided in State Water

e [ =1 m?
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Survey database,
09/12/2011: Karle
04/03/2016: Prim

Warning To Clients: '

m?

m?



6/3/202

GW036543

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

WaterNSW

Work Summary
Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Bore
Manual Observations,Monthly

Rotary Mud
NSW Office of Water

Final Depth
01/11/1984 Drilled Depth
(None)

: 103.00m
: 105.00 m

Coordinate Source:

Property: Standing Water Level (m):
GWMA: Salinity Description:
GW Zone: Yield (L/s):
Site Details
Site Chosen By:
County Parish
Form A: POTTINGER BRIGALOW
Licensed:
Region: 90 - Barwon CMA Map: 8835-1N
River Basin: 419 - NAMOI RIVER Grid Zone:
Area/District:
Elevation: 284.20 m (A.H.D.) Northing: 6566032.000
Elevation Source: (unknown) Easting: 769882.000
GS Map: - MGA Zone: 55
Construction

Scale:

Latitude:
Longitude:

m?

Cadastre
RD ADJ 332//755479

31°00'30.4"S
149°49'36.1"E

GD.,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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m?

6/3/202 e r.
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 103.00| 105.00
1 Casing Casing Protector -1.03 6.00 203
1 1| Casing PV.C. -1.00| 103.00 101 Seated on Bottom
1 1] Opening Slots - Horizontal 93.30] 97.30 101 1 | Slotted On Site, A: 3.00mm
Water Bearing Zones
From To ~ [Thickness |[WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) {Lis) (De}mh (hr) {mg/L)
m
88.00 103.00 15.00 | Unconsolidated
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m}__J(m) |(m)
0.00 2.00 2.00 | Topsaoil Topsoil
2.00| 8.00 6.00 | Clay Clay
8.00| 12.00 4.00 | Clay Some Fine Gravel Clay
12.00| 16.00 4.00 |Clay Grey Clay
16.00| 21.00 5.00 | Clay Clay
21.00| 27.00 6.00 | Clay Sandy Clay
27.00| 28.00 1.00 | Sand Fine Sand
28.00| 79.00 51.00 | Clay Sandy Clay
79.00| 86.00 7.00 | Clay Grey Clay
86.00 | 88.00 2.00 | Gravel Claybound Gravel
88.00]103.00 15.00 | Clay Water Bearing Clay
103.00 | 105.00 2.00 | Sandstone Weathered Cored Sandstone
Remarks

01/11/1985: PLAIN VIEW.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '332") & casing protector details (based on RL's), based in info provided in State Water

Survey database, provided by Jim Salmon.

09/12/2011: Karla Abbs, 9-Dec-2011: Entered geology log

*** End of GW036543 ***

Warning To Clients: This raw data has been supplied to the WaterNSW by drillers, licensees and other Sources. WaberNSW does not verify the accuracy of this data. The data is presented for use by you at your
own risk. You should consider verifying this data before relying on it. Profi hydrogeological advice should be sought in interpreting and using this data.
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GW036544

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Region: 90

Area/District:

Elevation: 268.20 m (A.H.D.)
Elevation Source: (unknown)

GS Map: -

Construction

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure

- Barwon
River Basin: 419 - NAMOI RIVER

WaterNSW
Work Summary

Licence Status:

Authorised Purpose(s):

Intended Purpose(s): MONITORING BORE

Bore - Nested (3)
Manual Observations,Monthly

Rotary Mud
NSW Office of Water

Final Depth:
01/12/1984 Drilled Depth:
(None)

Standing Water Level (m):
Salinity Description:
Yield (L/s):

County
Form A: POTTINGER
Licensed:

CMA Map: 8836-S
Grid Zone:

Northing: 6572608.000
Easting: 777859.000

MGA Zone: 55

[ =8

Parish
BENELABRI

Scale:

Latitude:
Longitude:

Coordinate Source:

m?

Cadastre
7010//1062637

30°56'50.3"S
149°54'30.1"E

GD.,ACC.MAP



6/3/202 =
Cemented; S-Sump; CE-Centralisers

m?

Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 26.00| 27.00
1 Casing Casing Protector -1.07] 4.90 152
1 1| Casing PV.C. -1.00| 26.00 101 Seated on Bottom
1 1 |Opening Slots - Horizontal 14.00| 20.00 101 1 | Mechanically Slotted, A: 3.00mm
2 Backfill Backfill 36.00| 91.00
2 2 | Casing PV.C. -1.50| 36.00 101 Seated on Bottom
2 Casing Casing Protector -1.38 6.00 152
2 2 | Opening Slots - Horizontal 30.00| 33.00 101 2 | Mechanically Slotted, A: 3.00mm
3 Backfill Backfill 78.00| 84.00
3 3 | Casing PV.C. -1.50| 78.00 101 Seated on Bottom
3 Casing Casing Protector -1.39] 4.80 203
3 3 | Opening Slots - Horizontal 68.00| 72.00 101 3 | Mechanically Slotted, A: 3.00mm
Water Bearing Zones
From To " [Thickness |WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (Lis) PG}Plh (hr) (mg/L)
m
14.00 20.00 6.00 | Unconsolidated
29.00 31.00 2.00 | Unconsolidated
70.00 73.00 3.00 | Unconsolidated
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) |(m) |(m)
0.00] 2.00 2.00 | Topsoil Topsoil
2.00| 7.00 5.00 [Clay Clay
7.00| 9.00 2.00 | Clay Grey Clay
9.00| 10.50 1.50 | Sand Fine Gravel Sand
10.50| 14.00 3.50 | Sand Grey Clay Sand
14.00| 29.00 15.00 | Sand Gravel Water Bearing Sand
29.00| 31.00 2.00 | Gravel Water Bearing Gravel
31.00| 36.00 5.00 | Gravel Claybound Gravel
36.00| 38.00 2.00 | Sand Gravel Sand
38.00 | 40.00 2.00 | Gravel Claybound Gravel
40.00 | 70.00 30.00 | Clay Sandy Clay
70.00] 73.00 3.00 | Sand Gravel Water Bearing Sand
73.00 | 80.00 7.00 | Gravel Fine Claybound Gravel
80.00 | 84.00 4.00 | Clay Clay
Remarks
09/03/1987: GOLHI RD.
09/03/1987: RESERVE 21293 ADJ TO PORTION 105.
09/03/1987: HOLE 1-26M CAS NO 1-3 SCN NO 1.
09/03/1987: HOLE 2-36M CAS NO 5-7 SCN NO 3.
09/03/1987: HOLE 3-78M CAS NO 9-11 SCN NO 5.
e [ =1 m?
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6/3/202

GW036545

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Region: 90

River Basin: 419 - NAMOI RIVER

Area/District:

Elevation: 269.80 m (A.H.D.)
Elevation Source: (unknown)

GS Map: -

Construction

WaterNSW

Work Summary
Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Bore
Manual Observations,Monthly

Rotary Mud
NSW Office of Water
Final Depth: 33.50 m
01/12/1984 Drilled Depth: 80.00 m
(None)
Standing Water Level (m):
Salinity Description:
Yield (L/s):
County Parish
Form A: POTTINGER BENELABRI
Licensed:
- Barwon CMA Map: 8836-S
Grid Zone:
Northing: 6572505.000
Easting: 779424.000
MGA Zone: 55

Coordinate Source:

Scale:

Latitude:
Longitude:

m?

Cadastre
3//1026324

30°56'52.3"S
149°55'29.1"E

GD.,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202

e r. m?
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Backfill Backfill 33.50| 80.00
1 1| Casing PV.C. -1.50| 33.50 64 Seated on Bottom
1 Casing Casing Protector -0.97] 5.50 203
1 1| Opening Slots - Horizontal 24.40| 27.40 64 1 | Mechanically Slotted, A: 3.00mm
Water Bearing Zones
From To ~ [Thickness |[WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (Lis) ?e)mh (hr) (mg/L)
m
24.00 28.00 4.00 | Unconsolidated
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) {(m) |(m)
0.00] 2.00 2.00 | Topsaoil Topsoil
2.00| 12.00 10.00 | Clay Clay
12.00| 20.00 8.00 | Clay Sandy Clay
20.00| 22.00 2.00 | Sand Fine Sand
22.00| 24.00 2.00 | Sand Grey Clay Sand
24.00 | 28.00 4.00 | Sand Gravel Water Bearing Sand
28.00| 49.00 21.00 | Clay Clay
49.00 | 68.00 19.00 | Clay Sandy Sand Fine Bands Clay
68.00 | 72.00 4.00 | Clay Green Clay
72.00| 79.00 7.00 | Clay Sandy Clay
79.00| 80.00 1.00 | Rock Very Hard Cored Rock
Remarks

09/03/1987: GOLHI RD.

21/10/2008: Nat Carling, 21-Oct-2008: Updated RL's, cadastre (was entered as '16') & casing protector details (based on RL's), based in info provided in State Water

Survey database, provided by Jim Salmon.

“** End of GW036545 ***

Warning To Clients: This raw data has been supplied to the WaterNSW by drillers, licensees and other Sources. WabnrNSW does not verify the accuracy of this data. The data is presented for use by you at your

own risk. You should consider verifying this data before relying on it. Pr hy

L L

| advice should be sought in interpreting and using this data.

m?




Coordinate Source:

6/3/202 = r.
Work Summary
GW036676
Licence: Licence Status:
Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE
Work Type: Bore - Nested (2)
Work Status: Manual Observations,Monthly
Construct.Method: Cable Tool
Owner Type: NSW Office of Water
Commenced Date: Final Depth: 86.00 m
Completion Date: 01/12/1986 Drilled Depth: 86.00 m
Contractor Name: (None)
Driller:
Assistant Driller:
Property: Standing Water Level (m):
GWMA: Salinity Description:
GW Zone: Yield (L/s):
Site Details
Site Chosen By:
County Parish
Form A: POTTINGER DENISON
Licensed:
Region: 90 - Barwon CMA Map: 8836-S
River Basin: 419 - NAMOI RIVER Grid Zone:
Areal/District:
Elevation: 277.50 m (A.H.D.) Northing: 6573760.000
Elevation Source: (unknown) Easting: 771795.000
GS Map: - MGA Zone: 55
Construction

Scale:

Latitude:
Longitude:

m?

Cadastre
RD ADJ 86//755491

30°56'18.0"S
149°50'40.7"E

Surveyed

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 e r. m?
Cemented; S-Sump; CE-Centralisers

Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
{m) (m) Diameter | Diameter
{mm) (mm)
1 Casing Casing Protector -1.13 0.00
1 1| Casing 0.00 0.00
1 1 |Opening Slots 30.50]| 34.00 63 1 | Mechanically Slotted, A: 3.00mm
1 Casing Casing Protector -1.13] 0.00
1 2 | Opening Slots 49.00| 51.50 63 2 | Mechanically Slotted, A: 3.00mm

Water Bearing Zones

From To Thickness | WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) {(m) (m) (m) (m) (Lis) ?aflh (hr) {(mg/L)
m
30.50 34.00 3.50 | (Unknown) 24.10 1.52
49.00 51.50 2.50 | Unconsolidated
Drillers Log
From |To Thickness | Drillers Description Geological Material Comments
(m) [(m) |(m)
0.00| 2.50 2.50 | Topsoil Topsoil
250| 6.00 3.50 | Clay Red Sticky Clay
6.00| 7.80 1.80 | Clay Yellow Grey Clay
7.80| 9.00 1.20 | Clay Yellow Grey Clay
9.00] 22.00 13.00 | Clay Red Clay
22.00| 25.00 3.00 | Clay Grey Sandy Clay
25.00| 28.00 3.00 | Clay Red Clay
28.00 | 30.50 2.50 | Clay Grey Clay
30.50 | 34.00 3.50 | Sandstone Clay Bands Water Supply Sandstone
34.00 | 40.00 6.00 | Clay Red Clay
40.00 | 41.50 1.50 | Clay Gravel Clay
41.50 | 44.00 2.50 | Clay Red Clay
44.00 | 44.50 0.50 | Clay Gravel Clay
44.50 | 48.00 4.50 | Clay Red Clay
49.00 | 51.50 2.50 | Clay Red Water Supply Clay
51.50| 56.00 4.50 | Clay Red Clay
56.00 | 59.00 3.00 | Clay Red Sandy Clay
59.00 | 60.00 1.00 | Clay Red Clay
60.00 | 69.00 9.00 | Clay Yellow Grey Sticky Clay
69.00| 79.00 10.00 | Clay Shaley Clay
79.00 | 86.00 7.00 | Shale Grey Hard Shale

Remarks

16/10/2008: Nat Carling, 16-Oct-2008: Updated RL's (no date found), coordinates, casing protector details (based on RL's) & cadastre (was entered as '86'), based in info
provided in State Water Survey database, provided by Jim Salmon.
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GW093067

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Bore

Equipped

Rotary Air

NSW Office of Water

08/02/2014

NOW GROUNDWATER DRILLING

John Brien
Peter Bramble

[ 8

WaterNSW
Work Summary

Licence Status:

Authorised Purpose(s):
Intended Purpose(s): MONITORING BORE

Final Depth: 171.00 m
Drilled Depth: 171.00 m

Standing Water Level (m):
Salinity Description:

Region
River Basin

: 90 - Barwon
: 419 - NAMOI RIVER

Area/District:

Elevation
Elevation Source

GS Map:

Construction

: 287.27 m (A.H.D.)
: RL. at W.LM.Pt.

Yield (L/s):
County Parish
Form A: POTTINGER BENELABRI
Licensed:
CMA Map: 8836-S
Grid Zone: Scale:
Northing: 6570864.000 Latitude:
Easting: 213604.000 Longitude:
MGA Zone: 56 Coordinate Source:

m?

Cadastre
7010//1062637

30°57'39.6"S
150°00'06.8"E

SURV,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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4/29/202 = n m?
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Hole Hole 0.00 6.00 288 Rotary Air
1 Hole Hole 6.00] 84.00 200 Rotary Air
1 Hole Hole 84.00] 171.00 150 Rotary Air
1 Annulus Cement 0.00]| 84.00 200 185
1 1| Casing Pvc Class 18 0.00| 168.00 108 89 Cemented, Screwed, S: 159.00-168.00m
1 1 |Casing Steel - Erw 2.00 6.00 230 210 Cemented, Screwed
1 1 |Casing Steel - Erw 6.00] 84.00 185 165 Cemented, Screwed
1 1| Opening Slots - Horizontal 144.00 | 147.00 1 | Casing - Perforated in hole, PVC
1 1| Opening Slots - Horizontal 153.00 | 159.00 109 0 | Casing - Perforated in hole, PVC
Water Bearing Zones
From To " [Thickness |WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m (L/s) :DE}plh (hr) (mgi/L)
m
153.00 159.00 6.00 | Unknown
Drillers Log
From |To | Thickness [ Drillers Description Geological Material Comments
(m) (m) (m)
0.00| 3.00 3.00 | Clay; red with medium Gravel Clay
3.00| 6.00 3.00 | Clay; orange & Gravel Clay
6.00| 8.00 2.00 | Gravel, & Clay Gravel
8.00| 12.00 4.00 | Clay; red Clay
12.00| 18.00 6.00 | Clay; white with small gravel Clay
18.00| 25.00 7.00 | Clay; brown with small gravel Clay
25.00| 27.00 2.00 | Clay; white, with small gravel Clay
27.00| 33.00 6.00 | Clay; white with sand Clay
33.00| 50.00 17.00 | Sandstone; banded Sandstone
50.00| 79.00 29.00 | Siltstone; with sand Siltstone
79.00| 88.00 9.00 | Sandstone; grey Sandstone
88.00 | 100.00 12.00 | Conglomerate Conglomerate
100.00 | 136.00 36.00 | Siltstone Siltstone
136.00 | 141.00 5.00 | Conglomerate Conglomerate
141.00 | 152.00 11.00 | Siltstone Siltstone
152.00 | 159.00 7.00 | Coal Coal
159.00 | 162.00 3.00 | Siltstone Siltstone
162.00 | 168.00 6.00 | Coal Coal
168.00 [ 171.00 3.00 | Siltstone Siltstone
Remarks

08/02/2014: Form A Remarks:
Nat Carling, 24-Nov-2014; GPS provided by hydrogeolegist.

04/01/2016: Nat Carling, 4-Jan-2016; Updated screen details, as provided by Ross Beasley, active screen is at 144-147m.
04/03/2016: Primary Client changed from GWA to IPART on 04/03/2016.

m?
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6/3/202

GW093068

Licence:

Work Type:

Work Status:
Construct.Method:
Owner Type:

Commenced Date:
Completion Date:

Contractor Name:
Driller:
Assistant Driller:

Property:
GWMA:
GW Zone:

Site Details

Site Chosen By:

Bore

Equipped

Rotary Mud

NSW Office of Water

27/03/2014

NOW GROUNDWATER DRILLING
Matthew John Lazarou

John Brien

WaterNSW
Work Summary

Licence Status:

Authorised Purpose(s):
Intended Purpose(s):

Final Depth:
Drilled Depth:

Standing Water Level (m):
Salinity Description:

MONITORING BORE

307.25m
309.40 m

-1.500

Region
River Basin

: 90 - Barwon
: 419 - NAMOI RIVER

Area/District:

Elevation
Elevation Source

GS Map:

Construction

: 271.00 m (A.H.D.)
: RL. at W.LM.Pt.

Yield (L/s):
County Parish
Form A: POTTINGER MELVILLE
Licensed:
CMA Map: 8936-3S
Grid Zone: Scale:
Northing: 6572696.000 Latitude:
Easting: 777276.000 Longitude:
MGA Zone: 55 Coordinate Source:

m?

Cadastre
6//586978

30°56'48.1"S
149°54'07.9"E

SURV,ACC.MAP

Negative depths indicate Above Ground Level; C-Cemented; SL-Slot Length; A-Aperture; GS-Grain Size; Q-Quantity; PL-Placement of Gravel Pack; PC-Pressure
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6/3/202 ] r. m?
Cemented; S-Sump; CE-Centralisers
Hole |Pipe |Component Type From |To Outside |Inside Interval | Details
(m) (m) Diameter | Diameter
(mm) (mm)
1 Hole Hole 0.00 6.00 305 Rotary Mud
1 Hole Hole 6.00]| 117.00 225 Rotary Mud
1 Hole Hole 117.00| 309.00 152 Rotary Mud
1 Annulus Cement 0.00| 114.00 225 178 PL:Reverse Circulated
1 1| Casing Steel - Erw -1.15| 307.25 115 Cemented, Screwed, S: 243.50-307.25m
1 1 |Casing Pressure Cemented 0.00]| 114.00 178 Cemented, Screwed
1 1| Casing Pressure Cemented 0.00 6.00 305 Cemented, Screwed
1 1| Opening Slots 240.50| 243.50 114 0 | Casing - Perforated in hole, Steel - ERW
Water Bearing Zones
From To " [Thickness |WBZ Type S.W.L. D.D.L. Yield Hole Duration |Salinity
(m) (m) (m) (m) (m) (Lis) Fe;)lh (hr) (mg/L)
m
19.00 27.00 8.00 | Unknown
240.00 244.00 4.00 | Unknown -1.50
Drillers Log
From |To _Thickness Drillers Description Geological Material Comments
(m) |(m) |(m)
0.00| 9.00 9.00 | Clay; alluvial, dark brown, sandy Clay
9.00| 12.00 3.00 | Clay; medium, orange/brown Clay
12.00| 19.00 7.00 | Clay, Sandy Clay
19.00| 24.00 5.00 | Sand; coarse, subrounded to rounded, clay lenses, |Sand
quartz
24.00| 25.00 1.00 | Gravel; fine, moderately sorted up to 6mm Gravel
25.00| 28.00 3.00 | Gravel; medium, up to 10mm poorly sorted Gravel
28.00| 32.00 4.00 | Clay; orange/brown Clay
32.00| 33.00 1.00 | Clay; gravelly, orange/brown, gravel up to 10mm, as | Clay
above
33.00| 43.00 10.00 | Clay; Gravel up to 6mm quartz, rich rounded, clay |Clay
soft orange/brown
43.00| 46.00 3.00 | Clay; gravelly, sticky, orange/brown, gravel as Clay
above up to 6mm
46.00| 49.00 3.00 | Clay, gravel up to 8mm rounded to subrounded, Clay
quartz, medium to light orange clay
49.00| 50.00 1.00 | Clay; gravelly, soft, orange/brown, gravel as above |Clay
up to 8mm
50.00 | 110.00 60.00 | Clay, Gravelly; as above Clay
110.00 | 120.00 10.00 | Clay, gravelly; as above gravel up to 20mm Clay
120.00 | 123.00 3.00 | Sandstone; grey, fine medium grained, siltstone Sandstone
123.00 | 126.00 3.00 | Sandstone; white/grey, fine-medium grained, Sandstone
banded, siltstone, black/grey
126.00 [ 132.00 6.00 | Claystone; white/grey interbedded Claystone
sandstone/stilstone as above
132.00 | 136.00 4.00 | Siltstone/Sandstone; banded, siltstone dom grey, Siltstone
sandstone as above
136.00 [ 142.00 6.00 | Sandstone/Siltstone; banded sandstone dom as Sandstone
above, siltstone as above
[ =] r m?
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142.00 | 144.00 2.00 | Siltstone/Sandstone, banded, siltstone dom as Siltstone
above
144.00 | 147.00 3.00 | Claystone; banded sandstone/siltstone Claystone
147.00 | 149.00 2.00 | Sandstone/Siltstone; banded, sandstone dom as Sandstone
above
149.00 | 195.00 46.00 | Siltstone/Sandstone; banded Siltstone
195.00 | 198.00 3.00 | Volcanic; intrusive, dark grye, fine grained, hard Volcanic
198.00 | 202.00 4.00 | Claystone; light Claystone
202.00 | 205.00 3.00 | Claystone/Siltstone/Sandstone; banded Claystone
205.00 | 209.00 4.00 | Claystone; dark grey, very 'puggy’ sample Claystone
209.00 {210.00 1.00 | Siltstone/Claystone; banded, dark grey Siltstone
210.00{212.00 2.00 | Claystone; dark grey, soft Claystone
212.00 | 220.00 8.00 | Siltstone/Sandstone; banded Siltstone
220.00 | 225.00 5.00 | Claystone; soft, light coloured Claystone
225.001227.00 2.00 | Sandstone/Claystone; light, clayey, some sand Sandstone
particles
227.00|229.00 2.00 | Sandstone/Siltstone; banded, light & dark particles | Sandstone
229.00 | 230.00 1.00 | Siltstone; black Siltstone
230.00 | 231.00 1.00 | Sandstone/Siltstone; banded Sandstone
231.00233.00 2.00 | Sandstone; light Sandstone
233.00 | 241.00 8.00 | Sandstone/Siltstone; banded Sandstone
241.00 | 243.00 2.00 | Siltstone; black Siltstone
243.00 | 244.00 1.00 | Sandstone; Iight Sandstone
244 .00 | 252.00 8.00 | Claystone; very soft Claystone
252.00 | 255.00 3.00 | Siltstone; black Siltstone
255.00 | 267.00 12.00 | Sandstone; light Sandstone
267.00270.00 3.00 | Conglomerate; multi coloured, green/orange Conglomerate
270.00 | 273.00 3.00 | Siltstone; light Siltstone
273.00 | 275.00 2.00 | Siltstone; coaly Siltstone
275.00 | 276.00 1.00 | Sandstone/Siltstone; banded Sandstone
276.00 | 283.00 7.00 | Coal/Coaly Siltstone Coal
283.00 | 294.00 11.00 | Siltstone/Sandstone; banded Siltstone
294.00 | 297.00 3.00 | Conglomerate; banded, multi coloured & Sandstone | Conglomerate
297.00 | 298.00 1.00 | Coal/Coaly Siltstone Coal
298.00 | 299.00 1.00 | Siltstone/Sandstone; banded Siltstone
299.00 | 302.00 3.00 | Coal/Coaly Siltstone Coal
302.00 | 304.00 2.00 | Siltstone/Sandstone; banded Siltstone
304.00 | 306.00 2.00 | Coal/Coaly Siltstone Coal
306.00 | 309.00 3.00 | Sandstone/Siltstone; banded Sandstone
309.00 | 309.40 0.40 | Coal/Coaly Siltstone Coal

Remarks

27/03/2014: Form A Remarks:

Nat Carling, 24-Nov-2014; GPS provided by hydrogeologist.
04/03/2016: Primary Client changed from GWA to IPART on 04/03/2016.
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Time (day)

WELL TEST ANALYSIS

Data Set: N:\..\K3 T HJ_Early.aqt
Date: 05/05/20 Time: 08:56:41

PROJECT INFORMATION

Company: GHD
Client: SANTOS
Project: 2122463
Location: Kahlua2
Test Well: Kahlua2
Test Date: 01/09/2011

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

Kahlua2 214443.7 |6568423.73 |- Kahlua 3 214436.48 | 6567996.9
SOLUTION

Aquifer Model: Confined Solution Method: Theis/Hantush

T  =0.08 m?/day S =14E-5

Kz/Kr = 0.1 b =76m




Residual Drawdown (m)
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WELL TEST ANALYSIS

Data Set: N:\...\K3_T_HJ_Late_Recovery.aqt
Date: 05/05/20 Time: 09:03:25

PROJECT INFORMATION

Company: GHD
Client: SANTOS
Project: 2122463
Location: Kahlua2
Test Well: Kahlua2
Test Date: 01/09/2011

AQUIFER DATA

Saturated Thickness: 7.6 m Anisotropy Ratio (Kz/Kr): 0.1
WELL DATA
Pumping Wells Observation Wells
Well Name X (m) Y (m) Well Name X (m) Y (m)
Kahlua2 214443.7 |6568423.73 |- Kahlua 3 214436.48 | 6567996.9
SOLUTION
Aquifer Model: Confined Solution Method: Theis (Recovery)

T =0.064 m2/day S/S'=0.24
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WELL TEST ANALYSIS
Data Set: N:\..\K3_ T HJ MID.aqt
Date: 05/05/20 Time: 08:59:16

PROJECT INFORMATION

Company: GHD
Client: SANTOS
Project: 2122463
Location: Kahlua2
Test Well: Kahlua2
Test Date: 01/09/2011

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

Kahlua2 214443.7 |6568423.73 |- Kahlua 3 214436.48 | 6567996.9
SOLUTION

Aquifer Model: Confined Solution Method: Theis/Hantush

T  =0.04 m?/day S =14E-5

Kz/Kr = 0.1 b =76m
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WELL TEST ANALYSIS

Data Set: N:\..\K3 _and K5 Theis_H Pumping.aqt
Date: 05/05/20 Time: 11:30:49

PROJECT INFORMATION

Company: GHD
Client: SANTOS
Project: 2122463
Location: Kahlua2
Test Well: Kahlua2
Test Date: 01/09/2011

WELL DATA
Pumping Wells Observation Wells
Well Name X (m) Y (m) Well Name X (m) Y (m)
Kahlua2 214443.7 |6568423.73 |- Kahlua 3 214436.48 | 6567996.9
+ Kahlua 5 214016.24 |6568755.23

SOLUTION

Aquifer Model: Confined Solution Method: Theis/Hantush

T  =0.045 m2/day S =1.1E5

Kz/Kr = 0.1 b =7.6m
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WELL TEST ANALYSIS
Data Set: N:\..\K5 Theis H Pumping.aqt
Date: 05/05/20 Time: 11:00:10

PROJECT INFORMATION

Company: GHD
Client: SANTOS
Project: 2122463
Location: Kahlua2
Test Well: Kahlua2
Test Date: 01/09/2011

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

Kahlua2 214443.7 |6568423.73 |- Kahlua 5 214016.24 |6568755.23
SOLUTION

Aquifer Model: Confined Solution Method: Theis/Hantush

T  =0.038 m?/day S =94E-6

Kz/Kr = 0.1 b =76m
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1. Introduction

Santos QNT Pty Ltd (Santos) proposes to carry out the Kahlua Pilot Reactivation at a site located on Lot 6
DP586978 in Marys Mount about 20 kilometres west of Gunnedah, NSW.

The site contains existing coal seam gas exploration infrastructure including four exploration wells (Kahlua (K) 2,
K3, K4 and K5), access tracks, water storage and gas flaring infrastructure.

The purpose of the proposed activity is to continue exploration and appraisal activities at the site utilising the
existing coal seam gas exploration infrastructure. It includes some minor additional civil and construction works
including installation of buried gas and water gathering, power cables, upgrade of the gas flare, establishment of
central power generation infrastructure and 65 kilolitre diesel storage, followed by workovers and completions, and
appraisal activities.

This report provides a noise impact assessment for the reactivation of the proposed activity. This assessment
provides the environmental noise emission criteria for both construction and operational phases in accordance
with the relevant environment protection licence (EPL) for the activity EPL 20351, and an assessment of noise for
both phases.
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3. Noise impact assessment

3.1 Noise modelling

Noise impacts have been predicted using CadnaA Version 2020. CadnaA is a computer program for the
calculation, assessment, and prognosis of noise exposure. CadnaA calculates environmental noise propagation
according to The propagation of noise from petroleum and petrochemical complexes to neighbouring communities,
Report Number 4/81, (CONCAWE 1981) algorithm to predict the effects of construction and operational related
noise under defined meteorological stability classes.

The construction and operational noise impact assessment involved the following:

—  Establishing appropriate site-specific conditions. The following noise model assumptions were made with
regard to the study area:

e  The surrounding area is soil on rural land with some small, forested areas. The CONCAWE algorithm
applies a ground absorption coefficient of 1 to represent acoustic propagation over soft ground.
e Terrain topography of the study area is flat and has been modelled as such.

—  Determining appropriate meteorological conditions for the noise modelling process. Meteorological conditions
were calculated using The propagation of noise from petroleum and petrochemical complexes to
neighbouring communities, Report Number 4/81 (CONCAWE 1981) algorithm based on stability classes. The
NPfl Fact Sheet D provides the following meteorological conditions which have been applied to the noise
modelling scenarios:

e  Standard meteorological conditions: Pasquill Stability Class D atmospheric conditions during the day,
evening and night-time period and wind of up to 0.5 m/s.

¢ Noise enhancing meteorological conditions during the night time period: Pasquill Stability Class F
atmospheric conditions (to represent a moderate temperature inversion) with a 2 m/s wind from source to
receiver.

e Air absorption based on typical worst case noise propagation conditions of 10 °C and 90 per cent
humidity.

3.2 Construction noise

3.2.1  Construction works program

The plant and equipment likely to be required throughout each stage of construction have been estimated based
on previously provided information. They have been used to predict the noise levels that would be expected during
construction works. The predicted noise levels were assessed against the noise criteria presented in Section 3.2.2.

All works are located within or adjacent to the proposal site. The modelling scenario assumes all construction
equipment would be operating at the same time and assumes a ‘worse-case’ to identify where noise impacts could
be a concern and assists in the formulation of where mitigation is required. The construction activities associated
equipment and noise levels are presented below in Table 3.1.

Assessment of the provided noise source data indicates that there are no tonal or low frequency characteristics
associated with the drill rig noise source therefore no modifying factor adjustments have been applied to the
assessment.
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5. Conclusion

Noise impacts for the construction and operational phases of the proposed activity have been assessed using
minimum background noise levels as presented in the NPfl against the construction and operational noise limits in
accordance with EPL 20351.

5.1 Construction noise

Construction noise impacts have been assessed against the construction noise limits and exceedances are
predicted where workover activities and trenching are to be undertaken outside of recommended standard hours.
Mitigation and management measures are recommended where feasible and reasonable in respect of activities
that were predicted to result in noise levels greater than the noise limit.

5.2 Operational noise

Potential noise impacts from the proposed activity during the operational phase has been assessed against the
operational noise criteria presented in Section 2.4. Noise levels from the K2 well head power unit, drive motors,
water truck movements and pilot flare are predicted to comply with the noise criteria.
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1. Introduction

1.1 Background

Santos proposes to carry out the Kahlua Pilot Reactivation at a site located on Lot 6 DP586978 in Marys Mount
about 20 kilometres west of Gunnedah, NSW. The site contains existing coal seam gas exploration infrastructure
including four exploration wells (K2, K3, K4 and K5), access tracks between the wells, and water storage and gas
flaring infrastructure located at well K2.

The purpose of the proposed activity is to continue exploration and appraisal activities at the site utilising the
existing coal seam gas exploration infrastructure. It includes some minor additional civil and construction works
including installation of gathering lines and upgrade of the existing gas flare, gas well workovers and completions,
and appraisal activities described in section 2. The site of the proposed activity and infrastructure layout is shown
in Figure 1.1.

Coal seam gas exploration at the site is authorised under petroleum exploration licence (PEL) 1, held by Australian
Coalbed Methane Pty Ltd and Santos QNT Pty Ltd (Santos). The proposed activity classifies as an assessable
prospecting operation and therefore requires an activity approval under the Petroleum (Onshore) Act 1991.

The project is being assessed under Part 5, Division 5.1 of the Environmental Planning and Assessment Act 1979
(EP&A Act), and the NSW Resource Regulator is the determining authority for this project. A Review of
Environmental Factors (REF) is required for activities to be determined under Part 5 of the EP&A Act. This
biodiversity assessment report has been prepared to support the REF.

This report has taken into account the findings of the REF prepared for the original installation of existing coal
seam gas exploration infrastructure, prepared by Alison Hunt and Associates (2010).

1.2 Purpose of this report

The aim of this biodiversity assessment report is to:

— Describe the existing environment within the investigation area, including soils, topography, hydrology,
vegetation types, fauna habitats and flora and fauna species known or likely to occur

— Assess the value and conservation significance of native vegetation and habitats in the investigation area

—  Compile a list of threatened biota listed under the NSW Biodiversity Conservation Act 2016 (BC Act) and
Fisheries Management Act 1994 (FM Act) and Matters of National Environmental Significance (MNES) listed
under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) previously recorded or
predicted to occur in the locality and assess their potential to occur in the investigation area

— Assess the likely impacts on threatened biota from the proposed works

— Recommend mitigation measures to reduce impacts on biodiversity values

— Provide concluding statements regarding the likely significance of impact of the proposed development on
threatened biota listed under the BC Act and FM Act or MNES listed under the EPBC Act, and the
requirement or otherwise for further assessment or approvals at the State or federal level.
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2. Legislative context

2.1 NSW State legislation
2.1.1  Environmental planning and assessment Act 1979 (EP&A Act)

The EP&A Act forms the legal and policy platform for proposal assessment and approval in NSW and aims to,
amongst other things, ‘encourage the proper management, development and conservation of natural and artificial
resources’. All development in NSW is assessed in accordance with the provisions of the EP&A Act and the
Environmental Planning and Assessment Regulation 2000.

The proposed works is a Part 5 activity under the EP&A Act. The determining authority for the proposal is the
NSW Resources Regulator.

The EP&A Act is subject to the provisions of Part 7 of the BC Act and Part 7A of the Fisheries Management Act
1994 (FM Act). Part 7.3 of the Biodiversity Conservation Act 2016 (BC Act) and section 220ZZ of the FM Act list
factors that must be taken into account when determining the significance of potential impacts of a proposed
activity on threatened species, populations or ecological communities (or their habitats) listed under the BC Act
and the FM Act. The ‘assessment of significance’ is used to assist in the determination of whether a proposal is
‘likely’ to impose ‘a significant effect’ on threatened biota and thus whether a species impact statement (SIS) is
required under the BC Act or FM Act. Under the BC Act, there is also the option to prepare a Biodiversity
Development Assessment Report (BDAR) rather than an SIS, where a significant impact is likely.

Assessments of significance have been prepared for threatened biota that would be impacted or are likely to be
impacted by the proposal and are provided in Appendix C.

2.1.2 Biodiversity Conservation Act 2016

The BC Act provides legal status for biota of conservation significance in NSW. The BC Act aims to, amongst
other things, ‘maintain a healthy, productive and resilient environment for the greatest well-being of the community,
now and into the future, consistent with the principles of ecologically sustainable development’. It provides for the
listing of threatened species and communities, establishes a framework to avoid, minimise and offset the impacts
of proposed development (the Biodiversity Offsets Scheme [BOS]), and establishes a scientific method for
assessing the likely impacts on biodiversity values and calculating measures to offset those impacts (the
Biodiversity Assessment Method [BAM]). As this project is being assessed under Part 5 of the EP&A Act,
assessment in accordance with the BAM is not required unless there is likely to be a significant impact on
threatened biota.

The BC Act has been addressed in this assessment through:

—  Desktop review to determine the threatened species, populations or ecological communities that have been
previously recorded within the locality and hence could occur subject to the habitats present

—  Field surveys for listed threatened species, populations and ecological communities

— Assessment of the potential for threatened species (or their habitat) to occur and be impacted

— Assessment of potential impacts on listed threatened species, populations and ecological communities

— Assessment of the likely significance of impacts and requirement or otherwise for a species impact statement
(SIS) or biodiversity development assessment report (BDAR)

— ldentification of suitable impact mitigation and environmental management measures.

Threatened biota recorded or likely to occur in the investigation area are detailed further in section 5.

2.1.3 Fisheries Management Act 1994

The objectives of the FM Act are to conserve, develop and share the fishery resources of the State for the benefit
of present and future generations. It provides for the listing of threatened species, populations and ecological
communities, key threatening processes and requirements or otherwise for the preparation of a SIS. One of the
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objectives of the FM Act is to 'conserve key fish habitats' which includes aquatic habitats that are important to the
maintenance of fish populations generally and the survival and recovery of threatened aquatic species. To assist in
the protection of key fish habitats, Department of Primary Industries (DPI) has produced the Policy and guidelines
for fish habitat conservation and management (DPI 2013).

The FM Act has been addressed in this assessment through undertaking:

— A desktop review to determine the aquatic threatened species, populations or ecological communities that
have been previously recorded within the locality of the proposal and hence could occur subject to the
habitats present

— Assessment of potential impacts on aquatic habitats, including identification of key threatening processes of
relevance to the proposal, impacts on key fish habitat and fish passage

— Assessment of the potential for impacts on listed aquatic threatened species, populations and ecological
communities and the requirement or otherwise for an SIS

— Identification of suitable impact mitigation and environmental management measures to avoid or mitigate
impacts on the aquatic environment.

Aquatic habitat is discussed in section 4.3.2, and potential impacts are identified in section 6.

2.1.4 Biosecurity Act 2015

The Biosecurity Act 2015 provides for risk-based management of biosecurity in NSW. It provides a statutory
framework to protect the NSW economy, environment and community from the negative impact of pests, diseases
and weeds.

The primary object of the Act is to provide a framework for the prevention, elimination and minimisation of
biosecurity risks posed by biosecurity matter, dealing with biosecurity matter, carriers and potential carriers, and
other activities that involve biosecurity matter, carriers or potential carriers.

In NSW, all plants are regulated with a general biosecurity duty to prevent, eliminate or minimise any biosecurity
risk they may pose. Any person who deals with any plant, who knows (or ought to know) of any biosecurity risk,
has a duty to ensure the risk is prevented, eliminated or minimised, so far as is reasonably practicable.

Priority weeds that were identified in the investigation area are discussed in section 4.2.3.

2.2 Commonwealth legislation

2.2.1  Environment Protection and Biodiversity Conservation Act 1999

The purpose of the EPBC Act is to ensure that actions likely to cause a significant impact on ‘matters of national
environmental significance’ (MNES) or the environment of Commonwealth land undergo an assessment and
approval process. Under the EPBC Act, an action includes a proposal, a development, an undertaking, an activity
or a series of activities, or an alteration of any of these things. An action that ‘has, will have or is likely to have a
significant impact on a matter of national environmental significance’ or a significant impact to the environment of
Commonwealth land is deemed to be a ‘controlled action’ and may not be conducted without prior approval from
the Australian Minister for the Environment.

Potential MNES of relevance to this assessment include:

—  Threatened species and ecological communities

— Migratory species.

The EPBC Act has been addressed in this assessment through:

—  Desktop review to determine the listed biodiversity matters that are predicted to occur within the locality of the
proposal and hence could occur, subject to the habitats present
—  Field surveys for listed threatened biota and migratory species and to identify potential habitat

—  Assessment of potential impacts on threatened and migratory biota
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— Identification of suitable impact mitigation and environmental management measures
— Likely significance of impacts and the requirement or otherwise for further assessment or approvals at the
federal level.

Threatened biota recorded or likely to occur in the investigation area are detailed further in section 5 and potential
impacts are identified in section 6.

2.3  Other planning instruments

2.3.1 State Environmental Planning Policy (Biodiversity and
Conservation) 2021 (Biodiversity and Conservation SEPP)

During completion of this report, several changes to State Environmental Planning Policies (SEPPs) that relate to
Koalas were announced.

In March 2021, State Environmental Planning Policy (Koala Habitat Protection) 2021 was made and commenced.
This SEPP reinstated the framework of SEPP (Koala Habitat Protection) 2020 to all land zonings in nine LGAs in
metropolitan Sydney along with the Central Coast LGA, however did not apply to land zoned RU1 Primary
Production, RU2 Rural Landscape or RU3 Forestry in all other LGAs. For all RU1, RU2 and RU3 zoned land
outside of the Sydney Metropolitan Area and the Central Coast, Koala SEPP 2020 continued to apply. This had
been identified as an interim measure while new codes are developed under the Local Land Services Act.

In March 2022, State Environmental Planning Policy (Biodiversity and Conservation) 2021 (Biodiversity and
Conservation SEPP) came into force, replacing previous SEPPs that dealt with Koala habitat protection.

The aims of Chapter 3 of the Biodiversity and Conservation SEPP are to “encourage the proper conservation and
management of areas of natural vegetation that provide habitat for koalas to ensure a permanent free-living
population over their present range and reverse the current trend of koala population decline:

(a) by requiring the preparation of plans of management before development consent can be granted in
relation to areas of core koala habitat, and
(b) by encouraging the identification of areas of core koala habitat, and
(c) by encouraging the inclusion of areas of core koala habitat in environment protection zones”.
Irrelevant of which EPI is in force, these SEPPS do not apply to projects being assessed under Part 5 of the EP&A

Act. The definitions of core and potential Koala habitat have been considered here in the context of assessing
Koala habitat within the investigation area.
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3. Methods

3.1 Database and literature review

A desktop database review was carried out to create a list of threatened flora and fauna species, populations and
ecological communities (biota) listed under the BC Act and FM Act, and MNES listed under the EPBC Act that
could be expected to occur in the locality based on previous records, known distribution ranges, and habitats
present. The database review assisted with focusing field survey techniques and effort. Biodiversity databases and
references pertaining to the investigation area and locality (i.e., within a 20-kilometre radius of the investigation
area) that were reviewed prior to conducting field investigations included:

—  The Department of Planning, Industry and Environment (DPIE) BioNet Atlas for records of threatened species
listed under the BC Act and EPBC Act which have been recorded within the locality (DPIE 2020a)

—  The Australian Government Department of Climate Change, Energy, the Environment and Water (DCCEEW)
Protected Matters Search Tool for MNES listed under the EPBC Act which may occur in the locality
(DCCEEW 2022a)

— DPIE threatened species profiles online database (DPIE 2020b)
— DCCEEW online species profiles and threats database (DCCEEW 2022b)
—  Department of Primary Industries (DPI freshwater threatened species viewer (DPI 2020a)

—  The NSW BioNet Vegetation Classification (VIS 2.1) - Community Identification (DPIE 2020c) to identify
matching plant community types (PCTs) in the investigation area

—  Previous reports relating to the installation of the existing coal seam gas exploration infrastructure present on
site, including the Ecological Assessment Report prepared by Alison Hunt and Associates (2010) to support
the REF completed for the establishment of the existing coal seam gas exploration infrastructure (Santos,
2010)

—  Priority weed declarations for the Gunnedah local government area (LGA) (DPI 2020b)
— Aerial photography of the investigation area.

Following collation of database records and species and community profiles, a ‘likelihood of occurrence’
assessment was prepared with reference to the broad habitats in the investigation area. This was further refined
following field surveys and assessment of habitats present and took into account results of the previous
assessment completed by Alison Hunt and Associates (2010). The results of this assessment are presented in
Appendix A.

3.2 Field survey

3.2.1  Overview

Field surveys of the investigation area were conducted by a senior GHD ecologist on 7 October 2020. The field
surveys focussed on the identification of vegetation types, condition and conservation significance and an
assessment of the value of habitats for threatened biota known or predicted to occur in the locality in the
investigation area. Limitations and survey conditions are discussed in section 3.2.6.

3.2.2 Flora survey

Given the highly modified nature of the site, its history of disturbance associated with cropping and agricultural
practices and the works involved in establishing the existing infrastructure on site, and the extent of the proposed
works, plot/transect surveys were not warranted. Instead, each pad location was traversed on foot, along with the
locations of all proposed works. A list of all flora species seen was created, to provide an indication of the suite of
species present, in order to compare with potential PCTs and TECs of relevance. The highly modified nature of the
site means that traditional plot/transect surveys would likely fail to provide sufficient information to allow vegetation
on site to be allocated to a PCT, if appropriate.
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All flora species within the construction corridor were identified according to the nomenclature of the RBGT (2020).
Vegetation within the investigation area was assessed against identification criteria for State and Commonwealth
listed threatened ecological communities (critically endangered ecological communities (CEECs), endangered
ecological communities (EECs) and vulnerable ecological communities (VECs)). Vegetation and habitats were
compared with descriptions provided in published threatened species profiles and management plans.

The overall condition of vegetation was assessed through general observation, verbal history of the site provided
by the site manager (ie which areas had been cropped or cleared of vegetation historically) and comparison
against the PCT condition benchmark data if relevant, as well as using parameters such as species diversity,
history of disturbance, weed invasion and canopy health.

3.2.3 Threatened flora searches

Threatened flora searches were conducted across the investigation area for threatened flora species that are
detectable in spring, targeting those identified by the desktop review. In addition, habitat suitability was assessed
for species not detectable in spring. Threatened flora searches involved traversing the investigation area on foot,
visually scanning for threatened flora species.

3.2.4 Fauna habitat assessment

General fauna habitat assessments were undertaken throughout the investigation area, including active searches
for potential shelter, basking, roosting, nesting and/or foraging sites. Specific habitat features and resources such
as water bodies, food trees, hollow-bearing trees, the density of understorey vegetation, the composition of ground
cover, the soil type, presence of hollow-bearing trees, leaf litter and ground debris were noted.

Indicative habitat criteria for targeted threatened species (i.e., those determined as having the potential to occur
within the indicative construction area following the desktop review) were identified prior to fieldwork. Habitat
criteria were based on information provided in OEH and DAWE threatened species profiles, field guides, and the
knowledge and experience of the GHD field ecologist.

Habitat assessments included searches for resources of potential value to threatened fauna including:

—  Trees with hollows, bird nests or other potential fauna roosts including stag trees

— Rock outcrops or overhangs providing potential shelter sites for fauna

—  Burrows, dens and warrens

— Distinctive scats or latrine sites, owl whitewash and regurgitated pellets under roost sites
—  Tracks or animal remains

— Evidence of activity such as feeding scars, scratches and diggings

—  Specific food trees and evidence of foraging

—  Waterbodies suitable for frogs.

The locations and quantitative descriptions of habitat features were captured with a handheld GPS unit and
photographed where appropriate.

Opportunistic observations of fauna species were recorded at all times during field surveys.

3.2.5 Koala surveys

Confirming the presence of Koalas on site was a focus of the current survey and assessment. The species were
found to use the site during the previous assessment of the site completed by Alison Hunt and Associates (2010),
and discussions with the Santos Land Access manager responsible for the site indicate that Koalas are known to
frequent the local area and site.

Given the scarcity of canopy species within the site, a full Spot Assessment Technique as described by Phillips
and Callaghan (2011) was not considered appropriate. Instead, the technique was modified and every canopy tree
within and adjacent to the project footprint was visually searched for Koalas, and the base of each tree was
scanned for Koala faecal pellets (scats). A sample of scats found within the investigation area was collected to
allow for expert verification of the source species.
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4. Existing environment

The investigation area is within the Brigalow Belt South IBRA Bioregion, and Liverpool Plains IBRA subregion,
about 22 kilometres to the west of Gunnedah in NSW. Additional detailed information relating to the existing
environment is available in the main REF document.

4.1.1 Existing disturbance

The investigation area has been used for cropping and agricultural purposes for over 60 years, and much of the
investigation area was covered in a barley crop at the time of the site visit. The existing coal seam gas exploration
infrastructure (wells K2, K3, K4 and K5, access tracks between the wells, and water storage and gas flaring
infrastructure located at well K2) are all established, and the pads around each of the wells were cleared of
vegetation when they were constructed. Some vegetation has since re-established, primarily exotic herbs and
grasses and pasture species such as Barley.

There are scattered paddock trees around the investigation area, and several small, fragmented patches of native
woodland vegetation occur outside of the investigation area. The surrounding landscape is typical of regional NSW
areas dominated by agriculture, with large expanses of cleared land and small patches of vegetation typically
restricted to waterways and travelling stock routes, interspersed with paddock trees and roadside vegetation.

4.2 Vegetation and flora

Vegetation within the proposal site has been extensively modified by historical and ongoing agricultural activities,
most notably, vegetation clearing and cropping. There are no intact stands of native vegetation within the
investigation area.

There are scattered paddock trees and occasional large shrubs, over a predominantly exotic understorey, with
scattered native grass and herb species present. There are patches of intact native vegetation to the south of the
investigation area, but these will not be impacted by the proposal and were not surveyed as part of the current
assessment. These findings are similar to those presented in the previous biodiversity assessment (Alison Hunt
and Associates, 2010).

Of note since the previous assessment was completed, is that wells K2, K3, K4 and K5, access tracks between
the wells, and water storage and gas flaring infrastructure located at well K2 have been constructed, resulting in
further disturbance to the investigation area.

It is likely that prior to historical vegetation clearing, the site would have supported a form of White Box — Yellow
Box — Blakely’s Red Gum Grassy Woodland, as the nearest mapped plant community type (PCT) is PCT 433,
White Box grassy woodland to open woodland on basalt flats and rises in the Liverpool Plains sub-region, BBS
Bioregion. The NSW NPWS (undated) Identification Guidelines for Endangered Ecological Communities: White
Box Yellow Box Blakely’s Red Gum Woodland (Box-Gum Woodland) provides the following guidance to determine
if vegetation is part of the BC Act-listed Threatened Ecological Community (TEC):

1. Whether the site is within the area defined in the Determination. Yes, the site is within the area identified in
the determination.

2. Whether the characteristic trees of the site are (or are likely to have been) White Box, Yellow Box or Blakely’s
Red Gum. Yes, there are scattered White Box trees still present as paddock trees on site.

3. Whether the site is mainly grassy. Yes. The site is likely to have once supported a native grassy understorey,
however, is now dominated by exotic species, comprising grass and herbaceous species. There are no areas
dominated by native grass species.

4. Whether any of the listed characteristic species occur (including as part of the seedbank in the soil). Yes,
there are some of the characteristic species present, restricted to the bases of the large mature paddock trees
within the site.

5. Ifthe site is degraded, whether there is potential for assisted natural regeneration of the overstorey or
understorey. No. Many decades of agricultural use for cropping and grazing means that the site is unlikely to
respond to assisted natural regeneration techniques.
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The guidelines also provide the following advice on degraded remnants:

The definition of the Box-Gum Woodland explicitly recognises that some remnants are degraded. Highly disturbed
sites that have few if any native species in the understorey are specifically included in the community provided
“vegetation, either understorey or overstorey or both, would, under appropriate management, respond to assisted
natural regeneration, such as where the natural soil and associated seed bank are still at least partially intact.”

In some parts of NSW Box-Gum Woodlands are only represented by isolated paddocks trees with a highly
modified understorey. Such remnants or vestiges of the community may still constitute valuable fauna habitat in
agricultural areas and may provide a valuable source of seed for potential future regeneration.

Determining whether the vegetation will respond to assisted natural regeneration will often be highly problematic.
Sites where there is unlikely to be sufficient seed remaining in the soil for the understorey or overstorey to
regenerate are not part of the EEC. For example, trees under which intensive cropping of annual crop species has
occurred and is ongoing, and trees within urban backyards are unlikely to be part of the community. Conversely,
trees with exotic pastures underneath and those in larger urban open spaces will generally be part of the
community (NSW NPWS, undated).

While the site does comprise scattered paddock trees over a highly modified understorey with a few grazing
tolerant native species present (refer to Appendix B), the history of disturbance at the site, including decades of
cropping and grazing, means that the soil seed bank is unlikely to be intact. The site is therefore unlikely to
respond to assisted regeneration (i.e., removal of grazing pressure or weeds). As such, the site is not considered
to support even a degraded form of this TEC. This finding aligns with the previous assessment of the site by Alison
Hunt and Associates (2010).

4.2.1 Flora species

A flora species list is available in Appendix B. Given there was no intact native vegetation present, a detailed
discussion of vegetation zones is not provided. Instead, a summary of the dominant species is presented below.

4.2.2 Dominant native flora species

There were three species of canopy trees recorded within the site: White Box (Eucalyptus albens), Bimble Box
(Eucalyptus populnea) and White Cypress Pine (Callitris glaucophylla), all of which occur as isolated paddock
trees (see Figure 4.1) within the investigation area. There were scattered occurrences of the shrub Wilga (Geijera
parviflora), sometimes at the base of mature White Box trees, and sometimes as isolated individuals.

All of the paddock trees recorded were mature, and most supported extensive hollows and fissures. Photos 1-4
below show the nature of the site at the time of the site visit.
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Photo 1 Existing access track, barley paddock on right, paddock tree in distance

Photo 2 Kahlua 2 (K2) well and flare site to the right, with barley paddock to the left
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Photo 3 Kahlua 3 (K3) well with patch of intact native vegetation and large farm dam in background (outside of investigation
area)

Photo 4 Kahlua 4 (K4) well, situated within a field of barley. Intact native vegetation outside of the investigation area visible
in background
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Photo 5 Kahlua 5 (K5) within a field of barley

Photo 6 Paddock dominated by exotic understorey species with White Cypress Pine paddock trees to the north of water
tanks
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5. Conservation significance

5.1 Threatened ecological communities

The vegetation within the investigation area is not commensurate with any threatened ecological communities
listed under the BC Act or EPBC Act.

As outlined in section 4.2, it is likely that vegetation on the site would have once been a form of White Box - Yellow
Box - Blakely’s Red Gum Grassy Woodland, listed as a critically endangered ecological community (CEEC) under
the BC Act and EPBC Act, but the degree of disturbance, lack of intact soil profile, and ongoing cropping and
agricultural activities mean the site is unlikely to contain a representative soil seed bank and be capable of
recovery and therefore is no longer commensurate with the CEEC (refer to section 4.2 for more detail).

There is a stand of vegetation to the south of the study area that is likely to be commensurate with White Box -
Yellow Box - Blakely’s Red Gum Grassy Woodland CEEC, as listed under the BC Act and EPBC Act. This stand of
vegetation would not be impacted by the proposal.

5.2 Threatened flora species

No threatened flora species were recorded during the field surveys, nor have any been recorded within the
investigation area in the past.

Eleven threatened flora species have been previously recorded or are predicted to occur in the locality of the
investigation area (<20 kilometres) based on the database search results. These are listed in Appendix A. Of the
threatened flora species known or predicted to occur, two species have the potential to occur within areas of
modified grassland or at the base of paddock trees:

—  Bluegrass (Dichanthium setosum)
—  Slender Darling Pea (Swainsona murrayana).

A full list of threatened flora species predicted to occur in the locality, and an assessment of their likelihood of
occurrence in the investigation area is provided in Appendix A.

5.3 Threatened fauna species

Koala (Phascolarctos cinereus) faecal pellets (scats) were found under six paddock trees (Bimble Box and White
Box) within the investigation area, as shown on Figure 4.1. The scats were positively identified by Georgeanna
Story (PhD Candidate) of Scats About (refer to Appendix D). There were relatively plentiful scats detected, with
between eight to twenty scats found under each tree. Most of the scats collected were quite dry, which is not
surprising given the generally hot and dry conditions experienced in the region prior to the survey. Based on
information provided by Mark Rodgers (Santos Land Access manager), Koalas are often observed in and around
the investigation area. Mr Rodgers noted that due to the current drought conditions, local Koalas were likely to
have moved into the more vegetated, hilly portions of the locality, to the south of the site, to seek shelter, but that
local landowners were still reporting observations of individuals.

The threatened Grey-crowned Babbler (eastern subspecies) (Pomatostomus temporalis temporalis) was recorded
about 2 kilometres to the north of the site. This species is likely to occur within the intact native vegetation to the
south of the site and may use trees within the investigation area as stepping stones between intact patches of
vegetation. It is assumed that this species would also utilise modified grassland within the investigation area for
foraging on occasion. The species would not breed within the study area, as it typically nests as a family group
and would generally require patches of vegetation that support numerous trees to allow for establishment of
multiple nests close together. A total of 41 threatened fauna species have been previously recorded or are
predicted to occur in the locality of the investigation area (<20 kilometres) based on the database searches. These
are listed in Appendix A. Of the threatened fauna species known or predicted to occur, excluding the two species
recorded during the field survey, a number of other species have the potential to occur within the investigation
area, based on the presence of broadly suitable habitat (refer to Appendix A). This assessment has assumed that
there would be no impact to hollow-bearing trees as a result of the proposal. Most of these species are highly
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mobile and the proposal is unlikely to have an impact on any important habitat for these species, and if they do
occur within the study area, they would be able to continue to use habitats in the study area during and after the
proposed works.

Raptors with the potential to occur are unlikely to roost within the investigation area but may utilise habitats
present for hunting. No raptor nests were observed during the field survey. Raptors may use paddock trees for
perching while hunting. The majority of the other species with the potential to occur are hollow-dependant species,
that may utilise the hollow-bearing trees present within the investigation area for roosting and/or breeding. The
remaining species are likely to forage over the investigation area.

A full list of threatened species recorded in the locality, and an assessment of their likelihood of occurrence in the
investigation area is provided in Appendix A.

5.4  Migratory fauna species

A number of migratory birds may occur at in the investigation area on occasion, however none were recorded
during the field survey. As noted above, habitat for fauna species has been impacted by historical disturbance,
agriculture and vegetation clearing.

Important habitat for migratory birds is defined in the significance criteria for listed migratory species (DoE 2013)
as follows:

— Habitat utilised by a migratory species occasionally or periodically within the region that supports an
ecologically significant proportion of the population of the species

— Habitat that is of critical importance to the species at particular life-cycle stages

— Habitat utilised by a migratory species which is at the limit of the species range

— Habitat within an area where the species is declining.

A full list of migratory fauna species recorded in the locality or predicted to occur is provided in Appendix A,
together with their habitat requirements and likelihood of occurrence.

The investigation area would not provide important breeding or foraging habitat for any of these species. While
these species may occur on occasion, they would not rely on the habitats present for their survival in the locality.
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6. Potential impacts

6.1 Impact avoidance

The proposal involves upgrades to existing infrastructure, as well as installation of new components. To minimise
impacts to features with biodiversity value such as paddock trees, existing disturbed areas will be used, such as
cropped paddocks or existing access tracks, wherever practicable. The proponent has indicated that exclusion
zones will be established around all hollow-bearing trees and Koala feed tree species, based on advice provided
following the field survey about the potential for impacts to threatened biota if these habitat resources are affected
by the proposal. These habitat features provide foraging and refuge habitat for the Koala and potential foraging
and nesting/roosting habitat for a number of more mobile bird and bat species.

These areas do not support native vegetation and contain limited habitat value for threatened species. This
assessment has been prepared on the assumption that no hollow-bearing trees or paddock trees as identified on
Figure 4.1 would be impacted.

6.2 Direct impacts

6.2.1 Removal of vegetation

Vegetation that would be impacted by the proposal includes cropped Barley fields and areas of modified grassland
dominated by exotic species. Vegetation would be impacted during the construction and installation of the
proposed infrastructure, and some may also be squashed or trampled by site workers and vehicles. Any such
impacts are likely to be temporary in nature; once the proposed works have been completed, the site will be able
to naturally regenerate into a state comparable to what is there now.

There would be no direct impacts to hollow-bearing paddock trees as identified on Figure 4.1, which is likely to
mean that self-recruited native understorey species that occur around the base of these paddock trees are also
protected as a result.

Vegetation at the site has been modified historically, with canopy and midstorey vegetation largely removed, and
the understorey impacted by many years of continuous agricultural activity, including grazing and cropping. There
is however, evidence of self-recruitment or persistence of several small herbaceous and grass understorey
species around the base of paddock trees, scattered amongst the exotic species that otherwise dominate the
understorey.

Mitigation measures to minimise impacts on nearby native vegetation during the proposed works are
recommended in section 7.1. Potential impacts to threatened flora species are discussed in section 5.2.

6.2.2 Removal of fauna habitats

The proposal would result in impacts to areas of modified grassland and cropped land. As outlined in section 4.3.2,
these portions of the site provide potential foraging habitat for a number of highly mobile species such as ground-
feeding birds, raptors and microbats. Groundcover vegetation, and leaf litter and woody debris would provide
basking, shelter and foraging substrate for reptiles, frogs and invertebrates.

The proposal would not remove any Koala feed tree/use tree species, as identified on Figure 4.1, and so impacts
to the Koala are likely to be negligible. There would be a temporary increase to the degree of disturbance on site
during the construction phase. The Koala has persisted on site despite the establishment of the existing
infrastructure, and regular visitation associated with agricultural activities.

Koala feed tree/use tree species within the investigation area are likely to contribute to a wider network of
resources used by the Koala to facilitate movement throughout the landscape. In the context of impacts on the
Koala by the fire events of 2019/2020, all remaining Koala habitat is likely to be important to the continued survival
of the species. Any impacts to Koala food trees as a result of the proposal would require additional assessment.
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There would be no impact to hollow-bearing trees or Koala feed trees as a result of the proposal, and all paddock
trees would be avoided.

6.2.3 Fauna injury and mortality

More mobile native fauna such as native birds and terrestrial mammals that may be sheltering in vegetation in the
site are likely to evade injury during clearing. The proposal may result in the injury or mortality of some individuals
of less mobile fauna species such as nestlings and other small terrestrial fauna such as small reptiles that may be
sheltering in vegetation within the footprint during clearing activities.

Increased visitation at the site during construction would result in greater risk of vehicle strike to species such as
the Koala. The construction phase of the proposal also has the potential to result in an increase in stress to the
Koala, if they are present in trees in close proximity to loud construction noise and disturbance. The species may
already be stressed by impacts relating to drought and fire. An increase in stress induced by proximate noise and
disturbance may result in the species becoming more susceptible to disease or behaving unpredictably, which
may in turn result in an increased risk of vehicle strike. If Koalas are deterred from using the site, they may be at a
greater risk of mortality from predators such as dogs if they attempt to disperse away from the site on the ground.

Mitigation measures to reduce the potential for direct and indirect impacts on native fauna are described in
section 7, and include fauna management procedures.

6.3 Indirect impacts

6.3.1 Habitat fragmentation

Assuming no hollow-bearing trees are impacted by the proposal, and that all paddock trees are retained as far as
practicable, the proposal is unlikely to result in an increase to the degree of habitat fragmentation within an already
heavily modified and cleared landscape.

The importance of hollow-bearing paddock trees has been acknowledged by the proponent, and an exclusion
zone would be established around the hollow-bearing trees identified on Figure 4.1.

As outlined in section 6.2.2, the proposal would not impact any Koala feed tree species, as identified on

Figure 4.1. Koala feed tree species within the investigation area are likely to contribute to a wider network of
resources used by the Koala to facilitate movement throughout the landscape. In the context of impacts on the
Koala by the fire events of 2019/2020, all remaining Koala habitat is likely to be important to the continued survival
of the species. Any impacts to Koala feed trees as a result of the proposal would require additional assessment.

The proposed works would be completed in an already highly modified area (without intact native vegetation
present). The site is nearby to a small area of intact native vegetation, shown on Figure 4.1. Figure 1.1 shows the
location of Travelling Stock Routes in the local area, which are often the most intact areas of native vegetation in
highly cleared landscapes, and which comprise the primary biodiversity corridors of relevance to the local area.
These areas would not be affected by the proposal, and would continue to provide biodiversity corridors that
facilitate the movement of fauna species throughout the landscape.

No habitat would be isolated as a result of the proposed works, assuming hollow-bearing paddock trees and Koala
feed trees are not impacted.

6.3.2 Noise and vibration

The construction phase of the proposal is likely to result in a temporary increase to the amount of noise and
vibration experienced on site. Impacts would be limited to the construction phase, after which they would return to
relatively low levels, not dissimilar to those currently in place.

These impacts may deter native fauna species that utilise the site, including those species that roost in hollow-
bearing trees within the site, as well as mobile species that forage on the site from time to time.
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6.3.3 Animal stress

The proposal has the potential to result in temporary impacts to fauna species during construction, as a result of a
temporary increase in noise, light, vibration and visitation. This increase in disturbance may deter Koalas during
the day, while works are being undertaken, however the species may move into the area at night, and then
experience stress when works commence again in the morning. Mitigation measures are proposed in section 7 to
limit the potential for stress on fauna species such as the Koala as a result of the proposal.

6.3.4 Weed invasion

There are numerous weed species present within the investigation area, which is not surprising given the history of
agricultural use of the site. Numerous weed species were identified within the investigation area considered by
Alison Hunt and Associations (2010), and the installation of the existing infrastructure on site does not appear to
have resulted in a noticeable increase to the weeds present within the site compared to surrounding areas that
were not subject to disturbance.

The proposal has the potential to result in the establishment of new weed species within and around the
investigation area during the proposed works. Weeds may be introduced or spread during the proposed works via
plant, machinery and site vehicles, as well as on tools and equipment used on site.

Mitigation measures to reduce the potential for direct and indirect impacts are described in section 7, and include
appropriate weed management during works and stabilisation of disturbed surfaces following completion of the
proposal.

6.3.5 Soil and water pollution

The proposal has the potential to result in sedimentation, pollution, runoff or erosion within the site and adjoining
native vegetation and nearby aquatic habitats. Potential sources of soil and water pollution include:

Soil disturbance during excavation and construction works

Inappropriate management of soil and material stockpiles

Hydrocarbon leaks or spills from vehicles or equipment used in construction

Increased sediment transfer and erosion potential in areas cleared of vegetation.

Erosion has the potential to impact the nearby dam to the south west of the investigation area. Mitigation
measures to reduce the potential for indirect impacts on nearby aquatic habitats will be implemented during works
(see section 7).

6.3.6 Introduction of pathogens

Construction activities have the potential to introduce or spread pathogens such as Phytophthora (Phytophthora
cinnamomi) and Myrtle Rust (Uredo rangelii) and Chytrid fungus (Batrachochytrium dendrobatidis) in the site
through vegetation disturbance and increased visitation. Phytophthora and Myrtle Rust may result in the dieback
or modification of native vegetation and damage to fauna habitats. Chytrid fungus affects both tadpoles and adult
frogs and can result in the mortality of entire populations once introduced into an area. While there is no aquatic
habitat within the site, there is a large dam to the south that is likely to provide habitat for a number of common
frog species, which may be susceptible to Chytrid.

The potential for impacts associated with these pathogens is low, given the disturbed nature of much of the
investigation area, existing visitation and disturbance levels, and the environmental safeguards that would be
implemented during the proposed works (see section 7).
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—  The proposal would not result in any impacts to areas of intact native vegetation or less disturbed remnants in
roadsides or TSRs that represent better quality potential habitat for these species, given less historical
disturbance associated with land use.

Consequently, a species impact statement would not be required for Bluegrass (Dichanthium setosum) or the
Slender Darling Pea (Swainsona murrayana).

Threatened fauna species

This assessment has been completed on the assumption that no hollow-bearing trees would be impacted by the
proposal. If it is necessary to impact hollow-bearing trees, additional assessments would be required for all hollow-
dependant fauna, including microbats, birds, arboreal mammals and reptiles.

Assuming that all hollow-bearing trees within the site are retained, the proposal is likely to have negligible impacts
on threatened biota given the modified nature of the small areas to be disturbed. Potential impacts are further
minimised given that hollow-bearing trees would be retained.

An assessment of significance pursuant to Section 7.3 of the BC Act (5-part test) has been provided for the Koala
and Grey-crowned Babbler as they were recorded during the field survey.

The proposal is unlikely to have a significant impact on the Koala or Grey-crowned Babbler given:

— No Koala feed trees or Grey-crowned Babbler breeding habitat would be removed.

—  The small patches of modified grassland or cropped areas that would be impacted by the proposal are not
likely to be important for the persistence of these species in the locality.

—  The proposal would not result in the permanent isolation or fragmentation of any areas of potential habitat for
these species.

—  The proposal would not result in the increase of any KTPs of relevance to these species.
If hollow-bearing trees or Koala feed trees are to be impacted, additional assessment would be required.

The results of the 5-part test have been considered against the DotE (2013) Matters of National Environmental
Significance Significant impact guidelines 1.1 for the Koala. Given there would be no impact to Koala feed tree/use
trees as a result of the proposal, no MNES assessment of significance has been completed for the species and
the proposal is considered unlikely to result in a significant impact on the Koala. Should impacts to Koala feed
tree/use trees become necessary, additional assessment would be required.

The potential for impacts on nearby aquatic habitats such as the dam to the south is low given the distance from
the site and proposed mitigation measures. No assessments of significance are considered necessary for fauna
that may be associated with the dam habitats. Similarly, no assessments of significance have been prepared for
hollow-dependant fauna as it has been assumed that all hollow-bearing trees would be retained. Fauna that may
possibly use these trees are highly mobile and would not be affected by the proposed works in any other way.

6.5.3 Migratory species

As summarised in section 5.4, habitat within the site does not comprise ‘important habitat’ for migratory species,
as defined by DEWHA (2013). The proposal is unlikely to directly impact any migratory fauna species. Some
migratory woodland birds may temporarily roost and forage in the investigation area but would not breed in the
site.
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8. Conclusion

Santos proposes to carry out the Kahlua Pilot Reactivation at a site located about 20 kilometres west of Gunnedah
in NSW. The site contains existing coal seam gas exploration infrastructure including four exploration wells (K2,
K3, K4 and K5), access tracks between the wells, and water storage and gas flaring infrastructure located at well
K2. The proposal is to allow for continued exploration and appraisal activities at the site utilising the existing
infrastructure as well as installation of gathering lines and upgrade of the existing gas flare, gas well workovers
and completions, and appraisal activities.

To allow for the proposed activity to occur, there would be impacts to modified grassland and cropped fields. All
paddock and hollow-bearing trees would be avoided where practicable, with exclusion zones established around
them. There would be no impact to intact native vegetation to the south of the site.

Most impacts as a result of the proposal would be to non-native vegetation, comprising modified grassland and
cropped pasture. There are no intact patches of native vegetation present on site, nor are there any areas of
derived native grassland. Modified grassland is dominated by exotic species and is unlikely to support even a
partially intact native seed bank given the history of the site. There are several individual hollow-bearing trees
within the site, as well as individual Koala feed tree species and paddock trees that provide important refuge and
foraging habitat in the disturbed and over-cleared landscape in which the proposal will take place. The importance
of maintaining Koala feed trees at the site has been considered in the context of the recent bushfires across NSW,
which decimated large tracts of Koala habitat.

Vegetation to be impacted is not commensurate with any TECs listed under the BC Act or EPBC Act and impacts
to any nearby TECs as a result of the proposal are unlikely.

No threatened flora species have been recorded in the investigation area. The proposal would remove a small
area of broadly suitable, low quality potential habitat for Bluegrass (Dichanthium setosum) and Slender Darling
Pea (Swainsona murrayana), which are listed as vulnerable species under the BC Act and EPBC Act. No known
individuals would be impacted.

Assessments of the likely significance of impacts of the proposal on threatened flora that may occur and be
impacted by the proposal have been prepared pursuant to Section 7.3 of the BC Act. The proposal is unlikely to
have a significant impact on these threatened species.

Impacts on the Koala, which is known to occur on site, are unlikely, given feed trees would be retained and there
would be no impact to existing habitat connectivity. There would be negligible impacts on the Grey-crowned
Babbler, which may occur on occasion as paddock trees that may be used for movement throughout the
landscape would be retained, and only small areas of potential foraging habitat would be impacted. There would
be no impact to any breeding habitat.

The site may provide habitat for a number of other highly mobile threatened species, however given the retention
of hollow-bearing trees, and lack of impacts to native vegetation, impacts to these species are unlikely to be
significant.

Assessments of the likely significance of impacts of the proposal on threatened fauna species that may occur and
be impacted by the proposal have been prepared pursuant to Section 7.3 of the BC Act. The proposal is unlikely to
have a significant impact on these threatened species.

As the proposal is unlikely to result in a significant impact on any threatened biota listed under the BC Act, the
proposal will not trigger the Biodiversity Offsets Scheme (BOS) and assessment and biodiversity offset under the
Biodiversity Assessment Methodology (BAM) via a Biodiversity Development Assessment Report (BDAR) or
Species Impact Statement (SIS) are not required.

The proposal is unlikely to result in a significant impact on threatened biota or migratory species listed under the
EPBC Act and Referral of the proposal to the Australian Minister for the Environment is therefore not considered
necessary.

This assessment has been prepared noting that Koala feed trees and hollow-bearing trees will not be impacted by
the proposal. If for any reason impacts to hollow-bearing trees or Koala feed trees cannot be avoided, additional
assessments to determine the significance of the proposal would be required.
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Appendix A

Likelihood of occurrence for threatened
and migratory biota



















































Notes: E= endangered, V= vulnerable, C= listed under the Chinese-Australia migratory bird agreement (CAMBA), J= listed under the Japan-Australia migratory bird agreement (JAMBA), K= listed
under the Korea-Australia migratory bird agreement (KAMBA)
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Appendix C

Assessments of significance



Statutory requirement

The likely significance of impacts on threatened species, populations and ecological communities, or their habitat
known or considered likely to occur and be affected by the proposal has been assessed pursuant to Section 7.3 of
the BC Act.

An assessment of the likely significance of impacts has been prepared for the following threatened species listed
under the BC Act:

Bluegrass (Dichanthium setosum)
Slender Darling Pea (Swainsona murrayana)

Koala (Phascolarctos cinereus)
Grey-crowned Babbler (eastern subspecies) (Pomatostomus temporalis temporalis).
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Appendix D

Koala scat identification report



Georgeanna Story

ABN 86 874 479 856
Telephone 02 484 61238
Mobile 0429 779 928

PO Box 45,

Majors Creek NSW 2622
scatsabou@gmail.com
www.scatsabout.com.au

GHD

Level 15 133 Castlereagh Street
Sydney NSW 2000

Re: Gunnedah scat samples

Below are the results for the scat samples collected from a site at Gunnedah of
possible koala origin.

The criteria used to distinguish between koala from possums were:

Oval shape with rounded or pointed ends.

Ridged surface

Hardness of scat

Eucalyptus odour

Usually an absence of grooming hair in koala scats, possum scats frequently
include grooming hair

Scat content of finely leaf fragments

Older samples that displayed a majority but not all characteristics were identified as

probable.
No. Site Site Species Species

Phascolarctos cinereus

1 Gunnedah A (probable) Sheep/goat

2 Gunnedah B Phascolarctos cinereus

3 Gunnedah C Phascolarctos cinereus

4 Gunnedah D Phascolarctos cinereus

5 Gunnedah E Phascolarctos cinereus

6 Gunnedah F Phascolarctos cinereus
(probable)

Please let me know if you have any questions regarding the results.

Kind regards
]


www.scatsabout.com.au
mailto:scatsabou@gmail.com
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View northeast of a portion of the study area on Milroy Road.
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EXECUTIVE SUMMARY

OzArk Environment & Heritage (OzArk) has been engaged by Santos Pty Ltd (Santos) to
complete an Aboriginal due diligence heritage assessment for the Gunnedah Works Program

(the proposal). The proposal is in the Gunnedah Shire Council Local Government Area (LGA).

The visual inspection of the study areas was undertaken by OzArk Director, Doctor Jodie Benton,
on 29 and 30 March 2022. No members of the local Aboriginal Community were present during

the visual inspection.

No Aboriginal objects were recorded because of this assessment, although four previously
recorded Aboriginal sites, all modified trees, were located. Of these, only two are within five
metres (m) of the proposed seismic line and will require the implementation of management

measures to ensure they are protected.

The undertaking of the due diligence process resulted in the conclusion that the proposed works
will have an impact on the ground surface, however, no Aboriginal objects or intact archaeological

deposits will be harmed by the proposal. This moves the proposal to the following outcome:

Aboriginal Heritage Impact Permit (AHIP) application not necessary. Proceed with
caution. If any Aboriginal objects are found, stop work, and notify Heritage NSW
(02 9873 8500; heritagemailbox@environment.nsw.gov.au). If human remains are

found, stop work, secure the site, and notify NSW Police and Heritage NSW.

To ensure the greatest possible protection to the area’s Aboriginal cultural heritage values, the

following recommendations are made:

1) The proposed work may proceed at the Gunnedah Works Programs project without further

archaeological investigation under the following conditions:

a) All land and ground disturbance activities must be confined to within the study
areas, as this will eliminate the risk of harm to Aboriginal objects in adjacent
landforms. Should the parameters of the proposal extend beyond the assessed

areas, then further archaeological assessment may be required.

b) All staff and contractors involved in the proposed work should be made aware of

the legislative protection requirements for all Aboriginal sites and objects.

2) This assessment has concluded that there is a low likelihood that the proposed work will
adversely harm Aboriginal cultural heritage items or sites. If during works, however,
Aboriginal artefacts or skeletal material are noted, all work should cease and the

procedures in the Unanticipated Finds Protocol (Appendix 2) should be followed.

3) AHIMS sites 29-1-0113 and 29-1-0117, both modified trees, are within 5 m of the

proposed seismic line (coordinates provided in Table 3-2). These modified trees should

Aboriginal Heritage Due Diligence Assessment: Santos Gunnedah Works Program i
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be temporarily fenced off with appropriate signage to indicate a no access area during the

seismic work.

4) The work crew should be provided with the location of these AHIMS sites, and the sites

must be avoided.

5) Inductions for work crews should include a cultural heritage awareness procedure to
ensure they recognise Aboriginal artefacts (see Appendix 3) and are aware of the
legislative protection of Aboriginal objects under the National Parks and Wildlife Act 1974
and the contents of the Unanticipated Finds Protocol.

6) The information presented here meets the requirements of the Due Diligence Code of
Practice for the Protection of Aboriginal Objects in New South Wales. It should be retained
as shelf documentation for five years as it may be used to support a defence against

prosecution in the event of unanticipated harm to Aboriginal objects.

Aboriginal Heritage Due Diligence Assessment: Santos Gunnedah Works Program iv



OzArk Environment & Heritage

CONTENTS
EXECUTIVE SUMMARY.....ettttiiiiiisssssssssnnessmimmssssssssssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssnsssssns n
I | 200 01U Lo 4 1
Brief description of the proposal.........cccoooiiiiiiiiii e 1
] (0o |- [T TR ERTTT R 2
ASSESSMENT APPIOACK ...t e ——————— 2
2  ABORIGINAL DUE DILIGENCE ASSESSMENT .....cctriiiiiisssssssssrrsmemmmmmsssssssssssssssmmsssssssssssssssssssnsns 5
T (oo 1B o3 1T o 5
Defences under the NPW Regulation 2019.........ccooiiiiiiiiiiii e 5
Application of the Due Diligence Code of Practice to the proposal...............cceeeeeeeen.. 6
CONCIUSION ...ttt e e e e e et e e e e e e e 18
3 ABORIGINAL HERITAGE SITES RECORDED ......ccccctriaiuressansesssnessssnsesssnsesssnsesssssessssnsesssnsessnns 19
Likely impacts to Aboriginal heritage from the proposal .............cccccceiiiiiiiiiiiiineen, 22
4  MANAGEMENT RECOMMENDATIONS ....cccooueesaeersssnrssssnsesssnsesssnsesssnsessssnessssnsesssnsesssnsessasnessns 23
L= o 25
APPENDIX 1: AHIMS SEARCH RESULTS .....cuutiiiiiiiiiisssnnnsssssisssssssssssss s s s sssssssssssssssssssssssssssnnnes 27
APPENDIX 2: ABORIGINAL HERITAGE: UNANTICIPATED FINDS PROTOCOL ......ccummmmrrrimninsssssnnnnnees 30
APPENDIX 3: ABORIGINAL HERITAGE: ARTEFACT IDENTIFICATION.....ceiiaoeerareersanressannesssnnesssnneesas 31

Aboriginal Heritage Due Diligence Assessment: Santos Gunnedah Works Program v



OzArk Environment & Heritage

FIGURES

Figure 1-1. Map showing the location of the proposal. .............cceviiiiiiiiiiiiiiiiiiiiiaees 1
Figure 1-2: Aerial showing the study area for the Kahlua Wells impact area. ...............cccveeeeeen. 3
Figure 1-3: Aerial showing the study area for the seismic line assessment. .............cccciviieeeeen. 4
Figure 2-1: Previously recorded sites in relation to the study areas.............cooovviviiiiiiiiiiiiiiiiiinnn, 9
Figure 2-2: Watercourses associated with the study area of Kahlua Wells.............ccccccccceee. 13
Figure 2-3: Watercourses associated with the study area of the seismic line assessment. ...... 14
Figure 2-4: Survey coverage within Kahlua Wells impact area study area..........cccccccvvvvvveennnne. 16
Figure 2-5: Survey coverage of the seismic line assessment study area...........ccccccvvvvvvernnnnne. 17
Figure 3-1: Previously recorded sites within 10 m of seismic line ...............coovviiiiiiiiiiiiiiiiiiiinnn, 21
TABLES

Table 2-1: Determination of whether Due Diligence Code applies...........ccccceeeeieiiiiiiiiiiiiineeeee. 6
Table 2-2: Site types and frequencies of AHIMS sites near the study area. ...............ccooeeeeee. 8
Table 2-3: Due Diligence Code appliCation. ...........ccooiiiiiiiiiiii e 18
Table 3-1: AHIMS listed sites near the seismic line, assessment results, and management
FECOMMENAALIONS. ...ttt 19
Table 3-2: Aboriginal cultural heritage: impact assessment..............cccooooiiiii 22

Aboriginal Heritage Due Diligence Assessment: Santos Gunnedah Works Program vi



OzArk Environment & Heritage

1 INTRODUCTION

BRIEF DESCRIPTION OF THE PROPOSAL
OzArk Environment & Heritage (OzArk) has been engaged by Santos Pty Ltd (Santos) to

complete an Aboriginal heritage due diligence assessment for the Gunnedah Works Program
(the proposal). The proposal is in the Gunnedah Shire Council Local Government Area (LGA) at
multiple locations to the west of Gunnedah, with the closest points being between 13 to 22

kilometres (km) from Gunnedah (Figure 1-1).

Figure 1-1. Map showing the location of the proposal.
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STUDY AREAS

The proposal includes two work components, and as such, two study areas. The first is the study
area for the Kahlua Wells impact area, located approximately 22 km west of Gunnedah and
approximately 2 km northwest of the intersection of Marys Mount Road and Collygra Road. The
second study area is for the seismic line and extends along multiple road corridors located to the
southwest of Gunnedah bordered by the Oxley Highway and Kamilaroi Highway as seen in
Figure 1-1. The study areas are shown in Figure 1-2 for the Kahlua Wells impact area and in

Figure 1-3 for the seismic line assessment.

For the seismic line we have anticipated a potential impact width of five metres (m) from the
centreline of the road / track along which the lines run, however, OzArk understands that mature

vegetation will not be cleared.

ASSESSMENT APPROACH

Aboriginal cultural heritage

The desktop and visual inspection component for the study area follows the Due Diligence Code
of Practice for the Protection of Aboriginal Objects in New South Wales (due diligence; DECCW
2010). The field inspection followed the Guide to Investigating, Assessing and Reporting on
Aboriginal Cultural Heritage in New South Wales (OEH 2011).
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Figure 1-2: Aerial showing the study area for the Kahlua Wells impact area.
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Figure 1-3: Aerial showing the study area for the seismic line assessment.
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ABORIGINAL DUE DILIGENCE ASSESSMENT

INTRODUCTION

Section 57 of the National Parks and Wildlife Regulation 2019 (NPW Regulation) made under the
National Parks and Wildlife Act 1974 (NPW Act) advocates a due diligence process to
determining likely impacts on Aboriginal objects. Carrying out due diligence provides a defence
to the offence of harming Aboriginal objects and is an important step in satisfying Aboriginal

heritage obligations in NSW.

DEFENCES UNDER THE NPW REGULATION 2019
Low impact activities

The first step before application of the due diligence process itself is to determine whether the
proposed activity is a “low impact activity” for which there is a defence in the NPW Regulation.
The exemptions are listed in Section 58 of the NPW Regulation (DECCW 2010: 6).

The nature of the proposed work varies between the two study areas assessed in this report. The
works being proposed for the Kahlua Wells study area involve the reactivation of the well site.
A document provided by Santos providing a description of works which occur at well sites
describes various earthworks, as well as civil and access works that could occur. As the Kahlua
Wells site is a pre-existing site, works there could potentially involve the construction, upgrading
and/or maintenance works for infrastructure such as roads, water bores, storage pads and / or
traffic infrastructure. As such, the activities being undertaken by Santos at the Kahlua Wells
impact area are not considered a ‘low impact activity’ for which there is a defence under Section

58 of the NPW Regulation and the due diligence process must be applied.

The seismic line assessment will be the subject of seismic survey work. This activity is considered
a low impact activity under Section 58 of the NPW Regulation. However, a description of the
works provided by Santos mentions the use of bulldozers or graders, which is not considered a
low impact activity. In addition to this, this defence does not apply to situations where there is
reason to suspect that an Aboriginal object may be present. As the proposed work is occurring in
road corridors with known, previously recorded Aboriginal sites such as culturally modified trees

nearby, the due diligence process must be applied.

Disturbed lands
Relevant to this process is the assessed levels of previous land-use disturbance.
The NPW Regulation Section 58 (DECCW 2010: 18) define disturbed land as follows:

Land is disturbed if it has been the subject of a human activity that has changed

the land’s surface, being changes that remain clear and observable.
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Step 1

Will the activity disturb the ground surface or any culturally modified trees?

Yes, the proposal will impact the ground surface and may impact culturally modified trees.

The works at Kahlua Wells study area may involve earth works and/or the construction of
infrastructure necessary to running the facility. These works would require actions that impact the
ground surface. From a desktop level it also appears that there are several trees in this study
area. Since it cannot be determined if they are mature and/or native from the desktop review, it
is possible they may be both, and could potentially be culturally modified. As such it is possible
that culturally modified trees may be impacted by the proposal.

The works involved with the seismic line assessment will be occurring in road corridors and
access tracks, including those bordering or within the Wondoba State Conservation Area. As
such, it is possible that direct or indirect impact could occur to culturally modified trees as there

is an abundance of mature, native vegetation in the area.

Step 2a

Are there any relevant confirmed site records or other associated landscape feature information
on AHIMS?

There are no previously recorded sites within the Kahlua Wells study area, however, there

are recorded sites within proximity of the proposed seismic line.

A search of the Aboriginal Heritage Information Management System (AHIMS) on 24 March 2022
was undertaken over Eastings 206000-235000 and Northings 6529600—-6571600 (GDA Zone
56) covering an approximate area of 29 km by 42 km centred on the study areas. The search

returned 65 previously registered Aboriginal sites within the search area.

Artefact scatters represent the most frequent site type in the search area, accounting for 29 of
the 65 results (44.6%). The next most frequent site type, which accounts for 25 of the 65
registered sites, are culturally modified trees (38.5%). When accounting for sites with multiple site
features, these counts become 30 (46.15%) for artefact scatters and 26 for culturally modified
trees (40%). Other site types registered in this area include grinding grooves (four sites; 6.2%)
and isolated finds (three sites; 4.6%). Three other site types are registered to be within the search
area including an artefact site (unspecified quantity), a site with both a burial and a stone
arrangement, and a site recorded as a resource and gathering site. Each of these site types

account for 1 of the 65 returned results (each accounting for 1.5% of sites).

Figure 2-1 shows all previously recorded sites in relation to the study area and Table 2-2 shows

the types of sites that are close to the study area.
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Figure 2-1: Previously recorded sites in relation to the study areas.
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Step 2b

Are there any other sources of information of which a person is already aware?

No, there are no other sources of information that would indicate the presence of

Aboriginal objects in the study areas.

Ethno-Historic Information

According to Tindale (1974), the proposal falls within the limits of the lands occupied by the
Gamilaraay (Kamilaroi) language group and the Namoi River landscape provided plentiful

resources for the traditional owners.

The name Gunnedah is derived from an Aboriginal word, meaning 'place of many white stones'
and in the past the town had a sizeable outcrop of white stone where the public school now stands
in Bloomfield Street. At the end of the 18th century, the Gunn-e-darr people of the Kamilaroi tribe
were led by a legendary warrior named Cumbo Gunnerah (Idriess 1953). He was also known as
the 'Red Chief', who eventually became immortalised through being the subject of a 1953 novel

by lon Idriess.

Following Oxley’s British ‘discovery’ of the Liverpool Plains in 1817, a runaway convict George
Clarke (“The Barber”) began the first European settlement of the Boggabri area. According to
historical reports, Clarke made first contact with local Aboriginal people and was adopted into the

Aboriginal community (Dunlop et al 1957 as cited in Hamm 2005).

In 1831 Mitchell’s exploring party, following Clarke’s route, came across the Leard Forest. Their
native guide “Mr Brown” noticed axe markings called “Mogo” on a number of trees which he
described as a sign ‘to keep away’ (O’Rourke 1995). For further information Michael O’Rourke
details an account of Mitchell's crossing in Raw Possum and Salted Port: Major Mitchell and the
Kamilaroi (O’Rourke 2005).

Previous archaeological assessments

The study areas have not been specifically previously assessed for the proposal, however the
AHIMS search detailed in Section 2.3.2 demonstrates that there has been previous heritage
assessment work undertaken in the area of the proposed seismic lines. A selection of studies
carried out in the region near to the study areas can provide a general understanding of the
archaeological landscape and information on the previously recorded Aboriginal sites close to the

seismic lines.

In 1981 the area known as ‘Authorisation 138’ at ‘Springfield’ was surveyed by Gorecki (1981).
This study recorded three sites located approximately 6.2 km northeast of the north-eastern point
of the seismic line study area. The number of artefacts at each site varied, with some locations
containing single stone artefacts and others containing clusters of artefacts. All were recorded

adjacent to Springfield Knob and relatively close to minor drainage features not unlike the one at
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the study area. It is important to note that no artefacts were found either upslope in the
surrounding hills or downslope on the plains. Gorecki argued that these artefacts were in
secondary contexts as agriculture / pastoralism, erosion and construction of contour banks had

disturbed their original locations (Gorecki 1981).

Haglund (1984a and 1984b) undertook two studies during 1984 in the vicinity of Gunnedah. The
first study (Haglund 1984) consisted of a survey of the proposed Red Hill — Top Rocks — Trunk
Road 72 coal haulage route. In this study, Haglund refers to sites previously located at
Greenwood Creek (Thompson 1981) and Top Rocks (Haglund 1982), with particular emphasis
on 20 axe grinding grooves and an extensive archaeological deposit at Top Rocks. The grinding
grooves were situated in the vicinity of sandstone outcrops at the water's edge. The
archaeological deposit consisted of stone tools and evidence of manufacturing. Haglund (1984)
also examined the proposed location for a coal loader, situated between the north-western railway
and Trunk Road 72, 3 km west of Gunnedah. This study, covering 87 ha of cultivated / cleared

land, recorded no Aboriginal objects.

In 1985, Haglund conducted a survey of all previous studies relating to the area immediately north
of Gunnedah and the Namoi River. This survey concluded that the archaeology of the area is
concentrated along rivers and other permanent waterways. This concentration is a result of both
prehistoric land use patterns, in which such locations arguably constituted more permanent
camps, and historical land use patterns, such as agriculture, which may have disturbed and/or

destroyed the archaeology present in areas away from these waterways (Haglund 1985).

Haglund returned to Gunnedah in 1986 to conduct two test excavations of sites requiring ground
truthing (Haglund 1987). These sites were located on opposite sides of the Namoi River, and one
was a portion of the extensive Namoi River site. Artefacts were recovered at these sites, however,
Haglund noted that the artefacts were largely too dispersed to be considered archaeologically
significant and were situated in secondary contexts created by vehicle movement and water flows
(Haglund 1987).

The AHIMS database search summarised in Section 2.3.2 and the associated site cards
suggests a number of local studies have been conducted within the Wondoba State Conservation
Area, which is located in the centre of the northern half of the seismic line study area, north of

Goscombe Road. However, no reports are available for these assessments.

Among the studies in the Wondoba State Conservation Area, Red Chief Local Aboriginal Land
Council (LALC) has recorded multiple sites, including an artefact scatter, grinding grooves and
several culturally modified trees in the conservation area, as well as approximately 6 km south of
the conservation area where a further two scarred trees and an artefact scatter were also
recorded. Of these recordings, six are in proximity of the seismic line and are discussed further

in Section 3.
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The Walhallow LALC conducted a survey that recorded three culturally modified trees west of the
seismic line, on the western side of Wandobah Road, approximately 4.8 km north of the southern

extent of the study area.

Tom Griffiths has recorded a further two scarred trees in the same vicinity as part of his
archaeological investigation for a Telecom easement (Griffiths 1993), with another survey by
Peter Greenwood recorded two artefact scatters and a grinding groove site. These sites are well

outside the seismic line easement.

The collective archaeological / scientific evidence from the region suggests that occupation during
the late Holocene was centred on small family groups (10 to 15 people) making use of terraces,
paleochannels and floodplains as temporary camps as they moved throughout the territory
(Purcell 2000; Appleton 2008).

Step 2c

Are there any landscape features that are likely to indicate presence of Aboriginal objects?

Yes, portions of the study areas contain archaeologically sensitive landforms.

The Due Diligence Code (DECCW 2010) specifies a number of landscape features which are
most associated with the likely presence of Aboriginal objects, and which therefore require further
assessment if present. These are areas that are: within 200 m of waters; located within a sand
dune system; located on a ridge top, ridge line or headland; located within 200 m below or above

a cliff face; within 20 m of or in a cave, rock shelter, or a cave mouth.

Kahlua Wells study area

The Kahlua Wells study area is located entirely within a flat plain landform. The elevation of this
study area is between 300 m and 350 m. The closest major watercourse to the Kahlua Wells
study area is Coxs Creek, approximately 9.5 to 10 km west of the study area. There is a minor,
unnamed, non-perennial watercourse along the western edge of the study area. Portions of this
ephemeral watercourse are located within 100 m of the study area. However, this is a seasonal
waterway and does not qualify as ‘waters’ as set out in the due diligence guidelines. As such,

there are no landforms with identified archaeological sensitivity within the study area.

Seismic line assessment study area

Due to the size and expanse of the study area for the seismic line assessment, the proposal is
within multiple landform ty[es. From a desktop level, it appears that the two main landforms are
flat plains landforms, where the elevation change is more gradual or remains relatively the same
over large areas, and slope landforms where there are rolling or undulating slopes and steeper

elevation changes.
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The seismic line assessment area is in an area of land between two major watercourses, Coxs
Creek and Mooki River that are located approximately 14 and 13 km respectively from the study
area at their closest points. Most of this study area is also within 100 to 200 m of watercourses of
varying nature and permanence. The visual inspection will confirm if these are ephemeral or

perennial in nature. As such, portions of this study area are within archaeologically sensitive
landforms.

Figure 2-2: Watercourses associated with the study area of Kahlua Wells.
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Figure 2-3: Watercourses associated with the study area of the seismic line assessment.
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Step 3

Can harm to Aboriginal objects or disturbance of archaeologically sensitive landscape features

be avoided?
No. Landforms with identified archaeological sensitivity may be impacted by the proposal.

Grading and the use of heavy machinery along the road corridors is likely to be part of the seismic
survey and the ground surface of previously undisturbed portions of sensitive landforms may be

impacted by the proposal.

Step 4

Does a desktop assessment and visual inspection confirm that there are Aboriginal objects or

that they are likely?

Yes, there are Aboriginal sites or objects in close proximity of the seismic line study area.

The visual inspection of the study areas was undertaken by OzArk Director, Dr Jodie Benton, on
29 and 30 March 2022. No members of the local Aboriginal community were present during the

visual inspection. The results for the visual inspection are provided below.

Kahlua Wells impact area

The Kahlua Wells area was assessed via pedestrian transects (Figure 2-4). The wells and access
tracks are already extant, as is a large quarry area likely used to win the material used for access
track establishment. Beyond these areas of high disturbance, the land was either ploughed or
covered in chest high weeds / vegetation. It is also relevant that there was a lot of standing water
at the time of the assessment, which precluded walking through some areas such as the ploughed

paddocks.

This assessment revealed no Aboriginal sites/objects and a high level of prior land use

disturbance.

Seismic line assessment area

Due to the relatively low ground impact anticipated for the seismic line survey and as the
easement was comprised of formed roads (from formal bitumen roads to dirt tracks), an approach

to the visual assessment was devised that included:

e Driving all seismic routes
e Stopping for visual inspections at all locations where previously recorded sites were

located or where the road or track crossed a waterway.

In terms of limitations, it is noted that Goscombe Road (which runs along the southern edge of

the Wandoba State Conservation Area), was unpassable due to wet conditions, so assessment
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was made via pedestrian means from each end of the road, leaving the central portion

unassessed (Figure 2-5).

Figure 2-4: Survey coverage within Kahlua Wells impact area study area.
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Figure 2-5: Survey coverage of the seismic line assessment study area.
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Figure 3-1: Previously recorded sites within 10 m of seismic line
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MANAGEMENT RECOMMENDATIONS

The u

ndertaking of the due diligence process resulted in the conclusion that the proposed works

will have an impact on the ground surface, however, no Aboriginal objects or intact archaeological

deposits will be harmed by the proposal. This moves the proposal to the following outcome:

AHIP application not necessary. Proceed with caution. If any Aboriginal objects are
found, stop work, and notify Heritage NSW (02) 9873 8500 (heritagemailbox
@environment.nsw.gov.au). If human remains are found, stop work, secure the site,
and notify NSW Police and Heritage NSW.

To ensure the greatest possible protection to the area’s Aboriginal cultural heritage values, the

following recommendations are made:

1)

The proposed work may proceed at the Gunnedah Works Programs project without further

archaeological investigation under the following conditions:

a) All land and ground disturbance activities must be confined to within the study
areas, as this will eliminate the risk of harm to Aboriginal objects in adjacent
landforms. Should the parameters of the proposal extend beyond the assessed

areas, then further archaeological assessment may be required.

b) All staff and contractors involved in the proposed work should be made aware of

the legislative protection requirements for all Aboriginal sites and objects.

This assessment has concluded that there is a low likelihood that the proposed work will
adversely harm Aboriginal cultural heritage items or sites. If during works, however,
Aboriginal artefacts or skeletal material are noted, all work should cease and the

procedures in the Unanticipated Finds Protocol (Appendix 2) should be followed.

AHIMS sites 29-1-0113 and 29-1-0117, both modified trees, are within 5 m of the
proposed seismic line (coordinates provided in Table 3-2). These modified trees should
be temporarily fenced off with appropriate signage to indicate a no access area during the

seismic work.

The work crew should be provided with the location of these AHIMS sites, and the sites

must be avoided.

Inductions for work crews should include a cultural heritage awareness procedure to
ensure they recognise Aboriginal artefacts (see Appendix 3) and are aware of the
legislative protection of Aboriginal objects under the NPW Act and the contents of the

Unanticipated Finds Protocol.

The information presented here meets the requirements of the Due Diligence Code of

Practice for the Protection of Aboriginal Objects in New South Wales. It should be retained
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as shelf documentation for five years as it may be used to support a defence against

prosecution in the event of unanticipated harm to Aboriginal objects.
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APPENDIX 1: AHIMS SEARCH RESULTS
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APPENDIX 2: ABORIGINAL HERITAGE: UNANTICIPATED FINDS PROTOCOL

An Aboriginal artefact is anything which is the result of past Aboriginal activity. This includes stone
(artefacts, rock engravings etc.), plant (culturally scarred trees) and animal (if showing signs of
modification; i.e. smoothing, use). Human bone (skeletal) remains may also be uncovered while

onsite.

Cultural heritage significance is assessed by the Aboriginal community and is typically based on
traditional and contemporary lore, spiritual values, and oral history, and may also consider

scientific and educational value.

Protocol to be followed if previously unrecorded or unanticipated Aboriginal object(s) are

encountered:

1. If any Aboriginal object is discovered and/or harmed in, or under the land, while undertaking

the proposed development activities, the proponent must:

a. Not further harm the object

b. Immediately cease all work at the particular location

c. Secure the area to avoid further harm to the Aboriginal object

d. Notify Heritage NSW as soon as practical on (02) 9873 8500 (heritagemailbox
@environment.nsw.gov.au), providing any details of the Aboriginal object and its
location; and

e. Not recommence any work at the particular location unless authorised in writing by
Heritage NSW.

2. If Aboriginal burials are unexpectedly encountered during the activity, work must stop
immediately, the area secured to prevent unauthorised access and NSW Police and
Heritage NSW contacted.

3. Cooperate with the appropriate authorities and relevant Aboriginal community
representatives to facilitate:

a. The recording and assessment of the find(s)

b. The fulfilment of any legal constraints arising from the find(s), including complying with
Heritage NSW directions

c. The development and implementation of appropriate management strategies, including
consultation with stakeholders and the assessment of the significance of the find(s).

4. Where the find(s) are determined to be Aboriginal object(s), recommencement of work in
the area of the find(s) can only occur in accordance with any consequential legal
requirements and after gaining written approval from Heritage NSW (normally an Aboriginal

Heritage Impact Permit).
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APPENDIX 3: ABORIGINAL HERITAGE: ARTEFACT IDENTIFICATION

A retouched silcrete flake A quartz flake
Microliths (scale = 1 cm) Volcanic flakes
Flake characteristics (scale = 1 cm) A mudstone/tuff core from which flakes have been removed
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