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Report on

Groundwater Impact Assessment
Glendell Continued Operations Project

1 Introduction

The Glendell Mine forms part of the Mount Owen Complex located in the Upper Hunter Valley of
New South Wales (NSW), approximately 20 kilometres (km) north-west of Singleton, 24 km south-east
of Muswellbrook and to the north of Camberwell (Figure 1-1).

In addition to the Glendell Mine, the Mount Owen Complex comprises mining operations at the Mount
Owen Mine (North Pit) and Ravensworth East Mine (Bayswater North Pit). The Mount Owen Complex
also includes a coal handling and preparation plant (CHPP) and coal handling and transport
infrastructure. The Mount Owen Complex operations are owned by Mt Owen Pty Limited (Mount Owen),
a wholly owned subsidiary of Glencore Coal Pty Limited (Glencore).

The Mount Owen Complex is adjacent to the Integra Underground, Liddell Coal Operations and
Ravensworth Operations, which are also operations owned and operated by subsidiaries of Glencore
and its joint venture partner (JV).

The Glendell Mine currently operates under development consent DA 80/952 (Glendell Consent).
The Glendell Consent regulates the mining of coal from the Glendell Pit (also known as the Barrett Pit)
and the rehabilitation of the mining area.

The Glendell Continued Operations Project (the Project) proposes to seek approval to extend open cut
mining operations north from the existing Glendell Mine. The proposed extension of the current open
cut mining operations at Glendell Mine would extract an additional approximately 135 million tonnes
(Mt) of run-of-mine (ROM) coal. This extension of the Glendell Pit is referred to as the Glendell Pit
Extension and proposes to extract reserves down to and including the Hebden seam with mining
continuing to 2044. The Project does not propose any changes to approved mining operations in either
of the mining areas approved under the Mount Owen Continued Operations Project development
consent SSD-5850 (Mount Owen Consent).

The Project is a State Significant Development (SSD) and will require development consent under the
Environmental Planning and Assessment Act 1979 (EP&A Act). As SSD, an Environmental Impact
Statement (EIS) is required to accompany the development application for the Project. To facilitate this
Glencore commissioned Umwelt Australia Pty Ltd (Umwelt) to prepare an EIS to support the Project
under Section 4.12(8) of the Environmental Planning and Assessment Act 1979 (EP&A Act) and Schedule
2 of the Environmental Planning and Assessment Regulation 2000.

The Project was referred to the Commonwealth Department of Environment and Energy (DoEE) and
was determined to be a controlled action under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) on 10 July 2019.
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This groundwater assessment has been prepared by Australasian Groundwater and Environmental
Consultants Pty Ltd (AGE) to support the EIS for the Project. The scope of the groundwater assessment
has been designed to address the Secretary’s Environmental Assessment Requirements (SEARs) that
relate to groundwater, including the New South Wales Aquifer Interference Policy (2012) (AIP),
conditions of the Conditional Gateway Certificate issued by Mining and Petroleum Gateway panel and
information guidelines developed by the Independent Expert Scientific Committee (IESC) on Coal Seam
Gas and Large Coal Mining Development. Table 1-1 reproduces the relevant SEARs and indicates where
these requirements are addressed within this report. Requirement Table 1-2 summarises the
requirements of the Conditional Gateway Certificate and again indicates where these have been
addressed.

Table 1-1  Secretary’s Environmental Assessment requirements relating to
groundwater

M ections
Requirement .
sections

Key issues - Water - including:

e identification of any licensing requirements or other approvals under the Section 2
Water Act 1912 and/or Water Management Act 2000;

e demonstration that water for the construction and operation of the proposed Section 2.2, 7.2.8 and
development can be obtained from an appropriately authorised and reliable 7.3.4
supply in accordance with the operating rules of any relevant Water Sharing
Plan (WSP) or water source embargo;

e an assessment of the likely impacts of the development on the quantity and Refer Surface Water
quality of existing surface and groundwater resources including a detailed Impact Assessment and
assessment of proposed water discharge quantities and quality against Section 7

receiving water quality and flow objectives;

e anassessment of the likely impacts of the development on aquifers, Refer Surface Water
watercourses, riparian land, water-related infrastructure, and other water Impact Assessment and
users, including downstream impacts from the Yorks Creek diversion; Section 5, 6 and 7

Table 1-2  Mining and Petroleum Gateway Panel requirements relating to

groundwater
 eetons
Requirement .
sections

Condition
e A numerical groundwater flow models is required to be developed to estimate Section 6 and 7, and

the magnitude of environmental impacts that the proposed mine extension Appendix B

will have on local water assets/environment and to predict mine water

inflows.

o All water losses from affected water sources, caused by mining, will require an Sections 2.4, 7.2.8 and
appropriate water license. 7.3.4

e More work is also required to establish baseline groundwater conditions. In
particular the following is inadequately defined:

0 The interaction between surface and groundwater between Bowmans Section 5.6 and 5.10
Creek, and the proposed pit extension;

0 Hydraulic parameters of the model layers; Section 5.7 and Appendix
B
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Addressed in report

Requirement

sections
0 Groundwater dependent ecosystems (GDE). Refer to EIS
(Umwelt 2019) and
Section 5.9.2
Recommendations
e Using a calibrated transient 3D model to quantify the impacts on nearby water Section 7.2 and 7.3

assets (bores/wells and GDEs).

This modelling and reporting should: Appendix B

0 Capture the hydrogeological complexity of the site;

0 Use temporal input data; Section 5.5

0 Have distributed input parameters; Appendix B

0 Quantify any uncertainties in the groundwater/surface water Section 5.6 and 5.10
connection;

0 Undertaken both sensitivity and uncertainty analysis and have the Section 6.3

model independently peer reviewed.

e Undertake appropriate studies to establish baseline groundwater conditions, Section 5
including groundwater dependent ecosystems.

e Monitor and report actual mine water inflows and develop a strategy for Section 8
complying with Water Sharing Plan rules.
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1.1 Objectives and scope of work

As noted above the objective of the groundwater assessment was to assess the impact of the Project on
the groundwater regime and address the requirements of the NSW and Commonwealth government
legislation and policies. The groundwater assessment comprise two parts: a description of the existing
hydrogeological environment, and an assessment of the impacts of the Project on that environment.
The impacts of the Project are detailed separately and also related to the observed and modelled impacts
of existing approved operations at Glendell (Approved Operations) and the region more broadly to
identify the extent of change in impacts on groundwater resources. The Approved Operations is the
operations at Glendell assuming the approval of the Modification 4 application currently under
assessment and are discussed further in Section 1.2.

The groundwater impact assessment includes:

e review of existing background data and previous hydrogeological investigations;

o field investigations to assess the extent and thickness of the Bowmans Creek alluvium and
associated tributaries (Appendix A);

e updating the existing groundwater regional numerical model for the mid Hunter Region that
was last utilised for Mount Owen Consent Modification 2 (AGE 2018) in accordance with the
National Groundwater Modelling Guidelines (National Water Commission, 2012) and relevant
State and Commonwealth guidelines (Appendix B);

e assessment of impacts resulting from the Project, including impacts on regional groundwater
levels and baseflow;

e assessment of potential impact pathways for groundwater dependant ecosystem (GDE) impacts
resulting from short and/or long-term changes in groundwater;

e assessment of the potential third party impacts (i.e. private bores) resulting from changes to the
regional groundwater system;

e assessment against the Aquifer Interference Policy (2012);
e assessment of cumulative impacts;
e assessment of post mining recovery; and

e provision of recommendations for the management of groundwater impacts including
monitoring.

1.2 Project description

1.2.1 Approved Operations

The Glendell Consent was granted on 2 May 1983, with the first hydrogeology investigation of the
mining area conducted in 1995 (Rust PPK, 1996). A modification of the Glendell Consent was granted in
1997, which provided for amendments to the mining operations and the overburden emplacement
areas and then in February 2008 that allowed for the integration of Glendell Mine with the Mount Owen
Complex. The most recent modification (Modification 4) application was submitted in late 2018 and
proposes:

¢ an adjustment of the western limit of the disturbance boundary to allow improved internal road
layout;

e the addition of a single mining strip (approximately 250 m) to extend the current mining time
by approximately 8 months, with no change to the mine life; and

e areduction in the mine disturbance area by approximately 10 ha. Achieved by increasing the
area of riparian vegetation near Bettys Creek that will no longer be disturbed by the mine.
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The Glendell Consent allows for mining of up to 4.5 Mt per annum (Mtpa) of ROM coal, by open cut
methods until 2024. Mining commenced in the Glendell Pit at Glendell Mine in 2009. The mining occurs
along the crest of an anticline that runs through the site in a north-south alignment. Mining occurs in the
Vane subgroup coal seams from the Lemington to the Barrett seam.

1.2.2 The Project

The Project proposes the extension of mining at Glendell to the north of the current Glendell Pit
(‘Glendell Pit Extension’). Mining operation would extend the existing open cut operations to the north
with mining down to and including the Hebden seam. Mining operations would initially proceed at the
current approved production rate (up to 4.5 Mtpa) with production at Glendell increasing during the
life of the operations as production at other Mount Owen Complex mining areas (Bayswater North Pit
and North Pit) decline and eventually cease. Maximum annual production from the Glendell Pit
Extension would be capped at 10 Mtpa ROM coal. Overburden removed as part of the mining operations
will be emplaced in-pit to the south of the mined area as mining progresses to the north. Overburden
emplacement would also occur on existing Glendell emplacement areas and areas disturbed as part of
the Ravensworth East operations. The final emplaced landform will be developed using natural
landform techniques and will be progressively rehabilitated over the life of the Project.

In addition to the existing operations, the new development consent would cover the Glendell Pit
Extension and works directly associated with the pit extension including:

e increasing the production rate to 10 Mtpa;

e rehabilitation of areas disturbed by mining activities, including overburden emplacement areas;

e realignment of part of Hebden Road;

o relocation of Ravensworth Homestead;

e realignment of the lower section of Yorks Creek;

e construction/use of MIA facilities and associated related infrastructure and

e construction/use of a Heavy Vehicle Assess Road.
The Project will enable access to approximately 135 Mt of additional ROM coal. Recovery of the
additional coal reserves will result in approximately 750 hectares (ha) of additional disturbance
(Additional Disturbance Area) beyond areas current approved for mining related disturbance or

previously disturbed by mining (refer to Figure 1-2). The Project will require the extension of the mine
life through to 2044 (an additional 20 years beyond the current Approved Operations).
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Table 1-3  Project summary
Mining Method No change - Open cut - Truck and excavator

Target Seams All seams down to and including the Hebden seam (Glendell Mine currently
approved to mine down to and including the Barrett seam).

Additional Coal Reserves  Approximately 135 Mt ROM coal

Recovered

Annual Production Up to 4.5 Mtpa increasing to 10 Mtpa

Mine Life Glendell Pit Extension to 2044 (Glendell Pit currently approved to 2024). Processing
and coal handing operations at Mount Owen to 2045 (currently approved to 2037).

CHPP Capacity No change - Up to 17 Mtpa

Management of Emplacement of overburden in-pit and on existing emplacement areas at Glendell

Overburden (Glendell Pit  Mine and areas disturbed as part of the Ravensworth East Mine.
Extension)

Mount Owen CHPP No change - Fine tailings emplacement within West Pit and other tailings facilities

Rejects (coarse and fine)  approved at Mount Owen Complex and/or at neighbouring mining operations as
part of the Greater Ravensworth Area Water and Tailings Scheme (GRAWTS).
Coarse rejects co-disposed with overburden at Mount Owen Complex including
overburden associated with the proposed Glendell Pit Extension.

Operational Workforce Overall workforce at the Mount Owen Complex will remain similar to current
workforce numbers of approximately 1,220 full time equivalent (FTE) positions
during concurrent operations.

Hours of Operation No change - 24 hours, 7 days per week

Final Landform Final landform at Glendell to approximately 200 mAHD (approximately 40 m higher
than existing approved operations at Glendell) and to approximately 185 mAHD at
Ravensworth East (approximately 15 m higher than existing approved operations).
No increase in the number of voids relative to approved operations.

Ravensworth Homestead Relocation of the Ravensworth Homestead.
The Project does not affect approved mining operations in Bayswater North Pit or North Pit approved

under the Mount Owen Consent or landform associated with the catchments of the final voids for these
pits.
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Figure 1-2 Proposed Glendell Continued Operations Project
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1.3

Report structure

This report is structured as follows:

Section 1 - Introduction: provides an overview of the Project and the assessment scope;
Section 2 - Regulatory framework: describes the regulatory framework relating to groundwater;

Section 3 - Environmental setting: describes the environmental setting of the Project including
the climate, terrain, land uses and other environmental features relevant to groundwater;

Section 4 - Geological setting: describes the regional geology and local stratigraphy;

Section 5 - Hydrogeology: describes the groundwater regime within and surrounding the
Project;

Sections 6 and 7 - Impact Assessment: describes the numerical model and the predicted impacts
on groundwater users and the receiving environment;

Section 8 - Groundwater Monitoring and Management Plan: describes the measures for
monitoring and management of groundwater impacts;

Section 9 - Summary and Conclusions;

Appendix A attaches a report that summarises investigations to define the limit of the alluvium
along Bowmans Creek, Yorks Creek and Swamp Creek adjacent to the Project;

Appendix B provides a detailed description of the numerical modelling undertaken for the
Project, including details on model construction, calibration and validation and uncertainty;

Appendix C contains a table that provides key construction details for each monitoring bore;
Appendix D contains monitoring bore hydrographs; and

Appendix E compares the impacts predicted for the Project with State and Commonwealth
government policy and comments on compliance.

Appendix F contains the peer review report.

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment — Glendell Continued Operations Project (G1874C) | 9



2  Regulatory framework
The assessment of the Project is required to consider the following legislation, policy and guidelines
relating to groundwater:
e NSW Government:
0 Legislation:
=  Water Management Act 2000 and the associated Water Sharing Plans.
0 Policy and Plans:
= Groundwater Quality Protection Policy (1998);
= Groundwater Dependent Ecosystems Policy (2002);
*  Groundwater Quantity Management Policy (Policy Advisory Note No. 8);
= Aquifer Interference Policy (2012);
= Strategic Regional Land Use Policy (2012);
=  Strategic Regional Land Use Plan - Upper Hunter (2012); and
= Water Sharing Plans.
e Commonwealth Government:
0 Legislation:
=  Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).
O Guidelines and explanatory notes:

= Information guidelines for proponents preparing coal seam gas and large coal
mining development proposals (Commonwealth of Australia, 2018);

» Uncertainty analysis - Guidance for groundwater modelling within a risk
management framework (Middlemis and Peeters, 2018); and

= Assessing Groundwater Dependent Ecosystems (Doody et al, 2019)

Sections below summarise the intent of the above legislation, policy and guidelines and how they apply
to the Project.

2.1 Water Management Act 2000

The NSW Water Management Act 2000 (WM Act) provides for the “protection, conservation and
ecologically sustainable development of the water sources of the State”. The WM Act provides
arrangements for controlling land-based activities that affect the quality and quantity of the State’s
water resources. It provides for three primary types of approval in Part 3:

e water use approval — which authorise the use of water at a specified location for a particular
purpose, for up to 10 years;

e water management work approval; and

o controlled activity approval (which includes an aquifer interference activity approval)
authorises the holder to conduct activities that affect an aquifer such as activities that intersect
groundwater, other than water supply bores and may be issued for up to 10 years.
While contained in the legislation, the requirements for an aquifer interference approval have
yet to commence.
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The WM Act includes the concept of ensuring “no more than minimal harm” for both the granting of
water access licences (WALs) and the granting of approvals. Aquifer interference approvals are not to
be granted unless the Minister is satisfied that adequate arrangements are in force to ensure that no
more than minimal harm will be done to any water source, or its dependent ecosystems, as
a consequence of it being interfered with in the course of the activities to which the approval relates.

State significant development authorised by a development consent does not require a water use
approval due to exemptions in the EP&A Act. These exemptions do not extend to aquifer interface
approvals, a water management work approval or an activity approval under the WM Act. While the
provisions of the WM Act relevant to the requirement for an aquifer interference approval have not yet
commenced, the AIP is used by the NSW Department of Planning, Industry and Environment - Water
(DPIE-Water) as guidance document for its assessment of potential impacts associated with activities
which interact with aquifers, including coal mining projects. The AIP establishes and objectively defines
minimal impact considerations as they relate to water-dependent assets and as the basis for providing
advice to the assessment and/or determining authority (refer Section 3.2.1 and Table 1 within the AIP).

2.2 Water sharing plans

NSW Water Sharing Plans (WSPs) establish rules for sharing water between the environmental needs
of rivers and aquifers, and water users, as well as between different types of water use such as town
supply, rural domestic supply, stock watering, industry and irrigation.

The DPIE-Water is progressively developing WSPs for rivers and groundwater systems across NSW
following the introduction of the WM Act. The purposes of the WSPs are to protect the health of rivers
and groundwater, while also providing water users with perpetual access licences, equitable conditions,
and increased opportunities to trade water through separation of land and water.

Three WSPs apply to the aquifers and surface waters within the vicinity of the Project - these are the
WSP for the:

o Hunter Regulated River Water Source 2016 (Hunter Regulated WSP);
e Hunter Unregulated and Alluvial Water Sources 2009 (Hunter Unregulated WSP); and

e North Coast Fractured and Porous Rock Groundwater Sources 2016 (North Coast Fractured and
Porous Rock WSP).

The North Coast Fractured and Porous Rock WSP commenced on 1st July 2016 and establishes the
management regime relevant for groundwater taken from the Permian bedrock. The Project falls within
the Sydney Basin - North Coast Groundwater Source of the North Coast Fractured and Porous Rock WSP.

The Hunter Regulated WSP covers the Hunter River surface water flows and highly connected alluvials
described in the plan. The Hunter Regulated Water Source is divided into three management zones
(Zone 1, Zone 2, Zone 3). The zones are defined from a single common point, which is the junction of
Glennies Creek with the Hunter River. The Project is located adjacent to and to the north of Zone 3A
along Glennies Creek. This zone extends from the upper reaches of Glennies Creek Dam to the Hunter
River junction.

The Hunter Unregulated WSP includes the unregulated rivers and creeks within the Hunter River
catchment, the highly connected alluvial groundwater (above the tidal limit) and the tidal pool areas.
In total, there are 39 water sources covered by the Hunter Unregulated WSP and nine of these are
further sub-divided into management zones. The Project is within the Jerrys Water Source. The Glennies
Water Source, and the Hunter Regulated River Alluvial Water Source is located to the south and east of
the Project Area.
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Figure 2-1 shows the water sources and management zones relevant to the Project. The boundary
between the Jerrys Water Source and the Glennies Water Source follows the current catchment divide
between Bettys Creek and Main Creek except east of the Mount Owen North Pit where Bettys Creek has
been diverted into Main Creek; in this area, the water source boundary follows the historical catchment
divide whereas the North Pit in-pit emplacement area now forms the actual catchment divide. The effect
of this is that the actual Main Creek (and therefore the Glennies Water Source) catchment is larger than
mapped in the WSP.

Table 2-1 summarises the number of WALs and the surface water and aquifer licence shares available
for each water source.

Table 2-1  Water licensing for each water source

Unregulated river surface water
units

Aquifer access licence units

Water source
No. of WALs! Total units No. of Total units
: WALSs
Jerrys 10 1,246 19 2,097
Glennies 2 10 12 446
Hunter Regulated River Alluvial 221 24,118 n/a n/a
. 1,765 (high security)?
H Regul R Z
unter Regulated River Zone 3 n/a n/a N ———
Sydney Basin North Coast 164 63,575.5 n/a n/a

Notes: 1. based on information within NSW Water register accessed on 18 February 2019,
2. https://www.water.nsw.gov.au/_data/assets/pdf file/0006/572091/Draft-report-card-Hunter.pdf

The water sharing rules are implemented through WAL'’s and relate to:
e environmental water;
e access licence dealing;
e access licences;
e water supply work approvals;
o making available water determinations; and

e water allocation accounts.
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2.3 State groundwater policy

2.3.1 Aquifer Interference Policy

The WM Act defines an aquifer interference activity as that which involves any of the following:
e penetration of an aquifer;
e interference with water in an aquifer;
e obstruction of the flow of water in an aquifer;

o taking of water from an aquifer in the course of carrying out mining or any other activity
prescribed by the regulations; and

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

Examples of aquifer interference activities include mining, coal seam gas extraction, injection of water,
and commercial, industrial, agricultural and residential activities that intercept the water table or
interfere with aquifers.

The AIP states that:

“all water taken by aquifer interference activities, regardless of quality, needs to be accounted for within
the extraction limits defined by the water sharing plans. A water licence is required under the WM Act
(unless an exemption applies or water is being taken under a basic landholder right) where any act by a
person carrying out an aquifer interference activity causes:

e the removal of water from a water source; or
e the movement of water from one part of an aquifer to another part of an aquifer; or
e the movement of water from one water source to another water source, such as:
O from an aquifer to an adjacent aquifer; or
O from an aquifer to a river/lake; or
0 from ariver/lake to an aquifer. “
Proponents of aquifer interference activities are required to provide predictions of the volume of water
to be taken from a water source as a result of the proposed activity. These predictions need to occur
prior to approval. After approval and during operations, these volumes need to be measured and
reported in an annual review or environmental management reports. The person responsible for the

take must hold sufficient WAL share components and water allocation to account for the take of water
from the relevant water source when the take occurs.

The AIP states that a water licence is required for the aquifer interference activity regardless of whether
water is taken directly for consumptive use or incidentally. Activities may induce flow from adjacent
groundwater sources or connected surface water. Flows induced from other water sources also
constitute take of water. In all cases, separate access licences are required to account for the take from
all individual water sources.

In addition to the volumetric water licensing considerations, the AIP requires details of potential:

o ‘“water level, quality or pressure drawdown impacts on nearby water users who are exercising their
right to take water under a basic landholder right;

e water level, quality or pressure drawdown impacts on nearby licensed water users in connected
groundwater and surface water sources;

e water level, quality or pressure drawdown impacts on groundwater dependent ecosystems;
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e increased saline or contaminated water inflows to aquifers and highly connected river systems;
e to cause or enhance hydraulic connection between aquifers; and

e forriver bank instability, or high wall instability or failure to occur.”

In particular, the AIP describes minimal impact considerations for aquifer interference activities based
upon whether the water source is highly productive or less productive and whether the water source is
alluvial or porous/fractured rock in nature.

A “highly productive” groundwater source is defined by the AIP as a groundwater source which has been
declared in regulations and datasets, based on the following criteria:

a) hasa Total Dissolved Solids (TDS) concentration less than 1,500 mg/L; and

b) contains water supply works that can yield water at a rate greater than 5 L/s.

Highly productive groundwater sources are further grouped by geology into alluvial, coastal sands,
porous rock, and fractured rock. “Less productive” groundwater sources are all other aquifers that do
not satisfy the “highly productive” criteria for yield and water quality.

DPIE-Water has produced a map of groundwater productivity across NSW, which shows areas classified
as either highly or less productive. The groundwater productivity map has been produced based on
regional scale geological maps. Figure 2-2 shows the DPIE-Water groundwater productivity map, which
indicates the alluvium along Bowmans Creek and Bettys Creek has been classified as highly productive.

The extent and characteristics of the Quaternary alluvium is further discussed in Section 4.2.1.
Work conducted to define the limit of the alluvial aquifer is described in Appendix A. Section 5.3 and
Section 5.8 provide further information on the properties of the alluvial aquifers and if they are
considered ‘highly productive’.

The minimal impact considerations are a series of threshold levels defining minimal impact on
groundwater sources, connected water sources, groundwater dependent ecosystems, culturally
significant sites and water users. The thresholds specify impact thresholds for water table and
groundwater pressure drawdown changes as well as groundwater and surface water quality changes.
Section 7 presents the Project impacts and compares these with the AIP thresholds. Appendix D notes
where information required to address the AIP is presented within the report.
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2.3.2 NSW Strategic Regional Land Use Policy

The NSW Strategic Regional Land Use Policy applies to the Hunter Valley in which the Project resides.
Biophysical Strategic Agricultural Land (BSAL) is land with high quality soil and water resources capable
of sustaining high levels of productivity. BSAL is mapped along parts of the Bowmans Creek, Glennies
Creek, Bettys Creek and Hunter River flood plain on the regional mapping (Figure 3-4). Site verification
has confirmed that no BSAL exists within the Glendell Pit Extension, but a small area of BSAL is present
within the Additional Disturbance Area.

2.4 Water licensing

Glencore currently holds water entitlements within the Sydney Basin North Coast Groundwater Source
of the North Coast Fractured and Porous Rock WSP to account for up to 1,160 megalitres per year
(ML/year) of groundwater ingress into the open cut mining areas for the approved operations at
Mount Owen Complex. There are a total of three entitlements as summarised in Table 2-2.

Table 2-2  Water licensing - North Coast Fractured and Porous Rock WSP

41540 20AL219002 Sydney Basin North Coast

41541 20AL219003 Sydney Basin North Coast 800

41542 20AL219004 Sydney Basin North Coast 220
TOTAL 1,160

The approved Glendell Mine operates in a relatively low permeability geological regime where
groundwater is not problematic for mining and is commonly evident only as damp evaporating seeps in
mine faces (Figure 2-3). There are no permanent flows of groundwater into the approved Glendell Pit
which require continuous pumping and therefore the volume of groundwater intercepted by the mining
operations cannot be directly measured. In contrast rainfall runoff that enters the pits is pumped out
and the volumes recorded as part of the site water balance. The fact that groundwater does not need
pumping does not indicate it is not entering the mine, but rather that the rate of inflow is low enough
that it is largely evaporated or adheres to mined materials preventing it from accumulating on the pit
floor.
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Figure 2-3  Glendell Pit looking north & west (20 June 2018)

Glencore estimate the volume of groundwater entering the approved Glendell Pit annually using a water
balance model (SLR 2019). The volume of groundwater entering the Glendell Pit was estimated at
0.6 ML for the 2018 calendar year. The fact that essentially no groundwater inflow was estimated using
the water balance method for the 2018 calendar year indicates inflows are very low and any
groundwater inflow was either evaporated or adhered to mined materials. This conclusion is supported
by observations of the mining area that indicate it is relatively dry (Figure 2-3).

Glencore also holds licences to take up to 200 ML/year from the Jerrys Water Source and up to
17 ML/year from the Glennies Water Source (based on 100% available water determinations) under
the Hunter Unregulated WSP. In addition, Glencore also holds licences to extract up to 1,056 ML/year of
High Security, 858 ML/year of General Security, 31.2 ML/year of Supplementary and 39 ML/year of
Domestic and Stock water from Glennies Creek Management Zone 3a under the Hunter Regulated WSP
(based on 100% available water determinations). Glencore’s current entitlements are summarised in
Table 2.3.
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Table 2-3

Water licensing - Hunter Unregulated WSP and Hunter Regulated WSP

Hunter Unregulated WSP

WAL18310
WAL18000

Jerrys Water Source

Glennies Water Source

Surface water

Surface water

Hunter Regulated WSP

WAL704

WAL1118
WAL7814
WAL9521

WAL612
WAL613
WAL637
WAL705
WAL1119
WAL1215

WAL1364
WAL1420

WAL706
WAL754
WAL1218
WAL7817
WAL7823

Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a
Glennies Creek Management Zone 3a

Glennies Creek Management Zone 3a

High Security
High Security
High Security
High Security
Total High Security
General Security
General Security
General Security
General Security
General Security
General Security

Total General Security

Supplementary
Total Supplementary
Domestic and Stock

Domestic and Stock

Domestic and Stock
Domestic and Stock

Total Domestic and Stock

1,000

1,056
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2.5 Conditions of approval

The Mount Owen Consent (SSD-5850) and Glendell Consent (DA 80/952) requires development of a
Water Management Plan (WMP) and a Groundwater Management and Monitoring Plan (GWMMP),
which is a component of the overarching WMP. Glencore is required to hold all necessary water licences
for the approved operations at the Mount Owen Complex.

The WMP and GWMMP outlines how Glencore manages environmental and community aspects, impacts
and performance relevant to the water management system. The WMP provides a framework for the
standards, plans and procedures implemented so that operations are managed in accordance with
Glencore business principles, policy, standards and all relevant licences and environmental approvals
held by Glencore. Section 8 outlines the content of the WMP and how it will continue to be used for this
Project in more detail.

2.6 Commonwealth Environment Protection and Biodiversity
Conservation Act 1999

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is Commonwealth
legislation administered by the Department of the Environment and Energy (DoEE). The EPBC Act is
designed to protect national environmental assets, known as Matters of National Environmental
Significance (MNES). Under the 2013 amendment to the EPBC Act (the water trigger),
significant impacts on water resources associated within coal mining and/or CSG developments were
included.

The IESC is a statutory body under the EPBC Act that provides scientific advice to the Commonwealth
Environment Minister and relevant state ministers. Guidelines have been developed in order to assist
the IESC in reviewing CSG or large coal mining development proposals that are likely to have significant
impacts on water resources.

The Project was referred to DoEE to determine whether it should be categorised as a ‘controlled action’.
At the time of referral, detailed surface and groundwater studies had not been finalised. In the absence
of study results, the Project was identified as having potential to significantly impact on water resources.
The EPBC Act referral was placed on exhibition for public comment on 12 April 2019. On 10 July 2019,
the referred action was determined to be a controlled action and therefore requires approval under the
EPBC Act for the following controlling provisions:

e Listed threatened species and communities (sections 18 & 18A)

e A water resource, in relation to coal seam gas development and large coal mining development
(section 240 & 24E)

A summary of the IESC guidelines and where they are addressed within the report is included in
Appendix A.
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3  Environmental setting

3.1 Location and land-use

Glendell Mine is located within the Hunter Coalfields of the Sydney Basin approximately 20 km
north-west of the Singleton town centre. Surrounding mines include the Ashton Coal Mine directly to
the south, Integra Underground to the east and Ravensworth Operations and Liddell Coal Operations to
the west and north west. Surrounding land uses in the locality include mining and mining related
development, Ravensworth State Forest and agricultural activities such as cropping and grazing.

Land within and surrounding the Mount Owen Complex has been subject to historical disturbance
associated with agricultural land uses and, in the last 50 years, coal mining developments. Prior to the
commencement of mining operations, the Glendell Mine was predominantly used for grazing purposes
with only small areas of remnant and regrowth vegetation. The floodplains associated with Bowmans
Creek and Swamp Creek (and to a lesser extent, Yorks Creek) have also been cropped in the past
however there is no evidence of extensive use of irrigation associated with these cropping activities.
The Glendell Pit Extension predominantly comprises grasslands and limited areas of regenerated trees.
The majority of the current mid and upper storey vegetation within and surrounding the Mount Owen
Complex exists as a result of extensive regrowth of the past 30 years (refer Umwelt, 2019a,
Umwelt 2019Db).

The Project occurs within the Hunter Valley coalfields, which has a long history of mining the Permian
Coal Measures, dating back to the 1950’s. Figure 3-1 shows the locations of the historic and approved
mines in the immediate area surrounding the Project.
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3.2 Climate

The climate in the region is temperate and is characterised by hot summers with regular thunderstorms
and mild dry winters. Climate data was obtained from the Scientific Information for Land Owners (SILO)
database of historical climate records for Australia (DSITI 2015). This service interpolates rainfall and
evaporation records from available stations to a point within the Mount Owen Complex. Climatic data
was obtained for the period between 01/01/1900 to 31/12/2018. A summary of rainfall and
evaporation data is shown in Table 3-1.

Table 3-1  Climate averages

P o Y I

Mean
rainfall 78.1 74.8 65.9 53.2 443 521 431 373 413 50.9 60.9 69.1 671.0
(mm)

Mean
evaporation 204.5 1614 1429 103.6 725 552 639 894 119.6 1561 177.0 210.0 1,556.2
(mm)

Site SILO data

Evap minus

. 1264 866 771 504 282 31 208 521 783 105.2 116.2 1409 885.1
rainfall

SILO data is based on observational records provided by BoM, with data gaps addressed through data
processing in order to provide a spatially and temporally complete climate dataset. Based on the SILO
dataset, average annual rainfall is 671 mm, with January being the wettest month (78 mm).
Annual evaporation (1,556 mm/year) exceeds mean rainfall throughout the year, with the highest
moisture deficit occurring during the summer months.

Monthly records from the SILO dataset were used to calculate the Cumulative Rainfall Departure (CRD).
The CRD shows graphically trends in recorded rainfall compared to long-term averages and provides a
historical record of relatively wet and dry periods. A rising trend in slope in the CRD graph indicates
periods of above average rainfall, whilst a declining slope indicates periods when rainfall is below
average. A level slope indicates average rainfall conditions.

Figure 3-2 shows the CRD and highlights three climatically distinct periods:

e 2000 - 2007 during the Millennium drought where rainfall was commonly below average and
El Nifio events occurred;

e 2007 - 2012 when rainfall was commonly above average and La Nifia events occurred;

e 2012 to 2016 - when rainfall generally remained closer to historical averages, with a relatively
neutral trend; and

e 2017 to present - a period where rainfall was consistently below average, and the region was
declared as drought affected by NSW DPI.
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Figure 3-2 Cumulative Rainfall Departure (SILO) and monthly rainfall

The falling trend shown on the graph in recent years is due to below average rainfall since 2016, with
very low rainfall during 2017, 2018 and 2019. Groundwater levels within shallow groundwater systems
would be expected to decline naturally during these drier periods due to ongoing drainage from the
aquifers exceeding the replenishment rate from rainfall recharge. Groundwater levels and climate are
discussed further in Section 5.

Terrain and drainage

The terrain at Glendell Mine is gently sloping towards the surrounding drainage lines, with steeper
slopes occurring where mining spoils have been placed. The mine is located adjacent to a number of
water courses, the most significant being Bowmans Creek.

Bowmans Creek is located around 200 to 800 m west of the Glendell Pit Extension and flows in a
southerly direction before entering the Hunter River around 3.5 km south of Glendell Mine. Tributaries
of Bowmans Creek adjacent to the Approved Operations are Yorks Creek and Swamp Creek to the north
and west, and Bettys Creek to the south and east.

The catchment of Swamp Creek is within the approved Mount Owen and Glendell Mine disturbance
areas with the upper catchment approved to be returned back to Swamp Creek once mining and
rehabilitation are completed. A section of Swamp Creek to the immediate north of Glendell Pit has been
diverted around the Glendell mine infrastructure area (MIA) (Glendell MIA Diversion). The headwaters
of Swamp Creek are diverted around the Mount Owen emplacement area and into Yorks Creek
(Swamp Creek Diversion).
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The upper catchment of Bettys Creek has been diverted into Main Creek (Upper Bettys Creek Diversion),
a tributary of Glennies Creek. To the south Bettys Creek has also been diverted around the southern
extent of the Eastern Rail Pit (Middle Bettys Creek Diversion) and also at the southern end of the Glendell
Pit (Lower Bettys Creek Diversion). In the Lower Bettys Creek Diversion area thin Quaternary alluvial
sediments associated with Bettys Creek have been removed. Bettys Creek, Yorks Creek and Swamp
Creek are ephemeral water courses, with no permanent groundwater fed baseflow (Figure 3-3).
The realigned Bettys Creek runs along the southern edge of approved mining boundary. Bettys Creek
enters Bowmans Creek approximately 400 m to the south-west of the Project.

Yorks Creek is a tributary of Bowmans Creek and flows through the northern part of the Glendell Pit
Extension. An approximately 1.5 km section of Yorks Creek has previously been diverted around the
Ravensworth East MIA as part of the former Swamp Creek Mine operations (Yorks Creek Diversion).
The upper catchment of Yorks Creek has been significantly modified by approved mining at
Ravensworth East and Mount Owen. As these areas are rehabilitated, runoff will be progressively
returned into the Yorks Creek catchment. This progressive increase in the size of the upper catchment
will occur during the life of the Project.

Figure 3-3 Lower Bettys Creek diversion adjacent to Glendell (left) and Swamp Creek
(right)

Water NSW record streamflow at Glennies Creek, Bowmans Creek, and the Hunter River. Figure 3-4
shows the location of nearby gauging stations. The nearest gauging station along Glennies Creek is at
Middle Falbrook (station 210044), 7 km southeast of the Additional Disturbance Area. The nearest
station on Bowmans Creek is at Bowmans Creek Bridge (210130), approximately 2 km from the
Additional Disturbance Area. On the Hunter River, the Upstream Foybrook (210126) station is
approximately 4 km southwest.

Figure 3-5, Figure 3-6 and Figure 3-7 show the total recorded stream flow for Glennies Creek,
Hunter River, and Bowmans Creek respectively. Of note is the significant reduction in flow recorded in
Bowmans Creek since early 2018. This period of very low or no flow is aligned with a period of drought
described in Section 3.2.

The figures also show the estimated baseflow using the method developed by Lyne and Hollick (1979).
Figure 3-7 shows the baseflow in Bowmans Creek adjacent to the Glendell Pit Extension is between
0.1 ML/day and 10 ML/day, depending on climatic conditions.

Figure 3-4 shows the location of monitoring sites operated by Glencore. The adjacent Integra
Underground monitors water level and flow within Glennies Creek (GC1), Bettys Creek (BC3) and Main
Creek (MC3). Liddell Coal Operations operates the ‘Bowmans upflow’ and ‘Bowmans downflow’ gauges
in Bowmans Creek which were installed in 2017. The limited duration of this data means that it has not
been used in this assessment.
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Figure 3-5 Streamflow in Glennies Creek at Middle Falbrook (210044)
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Figure 3-6 Streamflow in Hunter River at U/S Foybrook (210126)
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Figure 3-7 Streamflow in Bowmans Creek at Bowmans Creek Bridge (210130)
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4  Geological setting

The geological setting has been informed by the following data sources:
e publicly available geological maps (Hunter Coalfields map sheets) and reports;

e geological models and hydrogeological reports and data prepared for the Mount Owen Complex,
Liddell Coal Operations, Ravensworth Operations and Integra Underground; and

e hydrogeological data held on the Water NSW groundwater database (Pinneena).

4.1 Regional geology

Figure 4-1 shows the regional surface geology across the site and surrounds, based on the
Hunter Coalfield Regional 1:100,000 scale geological map, published by Department of Mineral
Resources (Glen & Beckett, 1993). The extent of the Quaternary alluvium in the map has been updated
where localised studies (refer to Section 4.2.1 and Appendix A) have confirmed the extent of alluvial
sediments. Table 4-1 provides a detailed summary of regional geology and relevant stratigraphic units.
Figure 4-2 and Figure 4-3 provides a conceptual geological cross-section showing the relative
distribution of key stratigraphic units through the existing Glendell Mine and through the Glendell Pit
Extension respectively.

Table 4-1 Summary of regional geology

Clay, silt, and sand overlying basal

Quaternary Quaternary sediments - alluvium (Qa) ey el it el o places.
Coal seams interbedded with claystone,
Jerrys Plains Subgroup (Pswj) tuff, siltstone, sandstone, and

conglomerate.

Bronze-coloured, well-sorted quartz

Archerfield Sandstone lithic sandstone

Late Wittingham Vane _ _
Permian Coal Measures  Subgroup Coal bearing sequences with wedges of
(Pswv) sandstone and siltstone.

Foybrook Formation .
y Includes the economic coal seams for

the Modification.

Sandstone and siltstone, minor coaly

Saltwater Creek Formation (Pswc) bands, siltstone towards base.

Fine-grained offshore sediments:

Mulbring Siltstone (Pmm) siltstone, claystone, minor fine
sandstone.
Middle Maitland
Permian Group Fine to coarse sandstone,

M P .
WIS SO (k) conglomerate, and minor clay

Branxton Formation (Pmb) Conglomerate, sandstone, and siltstone
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The Project is located within the Hunter Coalfield towards the north-eastern margins of the Permian
and Triassic Sydney Basin. The basin formed during a period of crustal thinning and igneous rifting in
the Late Carboniferous to Early Permian and subsequently infilled with Permian and Triassic aged
sediments. The basin is structurally bound by the Carboniferous New England Block approximately
4 km to the east.

The Glendell Mine is located along the Camberwell Anticline, which is a major structural feature aligned
in a north-south direction. The Camberwell Anticline exhibits steep dips (>20 degrees) on the eastern
flank, and up to 12 degrees on the western flank. The Glendell Mine currently extracts coal on the eastern
and western side of the anticline hinge from the Lemington through to the Barrett seams, which are
discussed in Section 4.2.2.

The Permian sediments are unconformably overlain by thin Quaternary alluvial sediments deposited
along drainage line flood plains. These deposits comprise silt, sand, and gravel along the present-day
alignments of Bowmans Creek, Glennies Creek, and Bettys Creek. A weathering profile is typically
present as a thin heterogeneous layer of unconsolidated weathered material (regolith) grading to fresh
bedrock.

Regionally, the coal measures are influenced by a series of fold structures and thrust faults that trend in
a northwest-southeast direction. The Hunter Thrust forms the boundary between the Carboniferous
New England Block which has been thrust over Permian Sydney Basin sediments. A series of structures
including faults and dykes occur perpendicular to the strike of the anticline hinge. The most notable is a
block fault occurring in the northern part of the Glendell Pit Extension as shown on
Figure 4-1.

Figure 2-3 included within Section 2.4 shows a photograph of the exposed Permian sequence in the
operating Glendell Pit. It highlights the general lack of significant fault structures at the scale of the
operating mining area.

4.2 Local geology

At a local scale, the following stratigraphic units occur within or adjacent to the Glendell Pit Extension
and surrounds (from youngest to oldest):

e Quaternary alluvium;
e Jerrys Plains Subgroup;
e Vane Subgroup; and
o Saltwater Creek Formation.
Each of the main stratigraphic units is discussed in further detail below. Figure 4-1 shows the surface

geology of the Project and immediate surrounds. The stratigraphic sequence and main coal seams
occurring in the Glendell Pit Extension are shown in Figure 4-4.
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Figure 4-4 Glendell typical stratigraphic section
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4.2.1 Quaternary alluvium

Quaternary alluvium (Qa) occurs along Bowmans Creek west of the Glendell Pit Extension and along the
tributaries of Bowmans Creek being Bettys Creek, Swamp Creek and Yorks Creek. The alluvium typically
comprises clay, silt and sand overlying basal sands and gravels which unconformably overlie the
Permian strata.

The extent of Quaternary alluvium shown on geological maps was reviewed and a verification study
undertaken along Bowmans Creek, Swamp Creek and Yorks Creek to improve the delineation of the
extent of the alluvial sediments in the vicinity of the Glendell Pit Extension (refer Appendix A).
The investigation included review of desktop datasets including LIDAR data, soils maps and drilling
data. A total of 38 test pits were excavated to confirm the findings of the desktop assessment and define
the limit of the alluvial sediments and aquifer.

The refined extent of the Quaternary alluvium is shown in Figure 4-1. The structure of the Quaternary
alluvium is shown on Figure 4-5, and the distribution of alluvial thickness and the regolith are shown
on Figure 4-6. The investigations resulted in a reduction in the mapped extent of alluvium along Swamp
Creek and Yorks Creek, and a reduction in the thickness of the Bowmans Creek alluvium from that
assumed in previous investigations.
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4.2.2 Permian geology

The youngest of the Permian aged sediments within the Glendell Pit Extension and surrounds are the
Jerrys Plains Subgroup (Pswj), part of the Wittingham Coal Measures. The Jerrys Plains Subgroup
comprises a sequence of coal seams interbedded with claystone, tuff, siltstone, sandstone, and
conglomerate. Within the Jerrys Plains Subgroup there are 15 main coal seams that are mined across
the Hunter Valley. In stratigraphic order (youngest to oldest) coal seams include Whybrow seam,
Redbank Creek seam, Wambo seam, Whynot seam, Blakefield seam, Glen Munro seam, Woodlands Hill
seam, Arrowfield seam, Bowfield seam, Warkworth seam, Mount Arthur seam, Piercefield seam,
Vaux seam, Broonie seam and Bayswater seam. In the Glendell Pit Extension much of the Jerrys Plains
subgroup has been removed by the weathering and erosion with only the Bayswater seam remaining.
Figure 4-7 shows the sub-crop of the Bayswater seam which is largely outside the Glendell Pit Extension.

The Late Permian Vane Subgroup (Pswv) conformably underlies the Jerrys Plains Subgroup and is
subdivided into the Foybrook Formation and the Archerfield Sandstone. The uppermost unit is the
Archerfield Sandstone which comprises well-sorted quartz lithic sandstone deposited in a wave or
current dominated lower delta plain depositional setting. The Archerfield Sandstone occurs at the base
of the Bayswater seam, and is distinguishable as a massive, light brown or honey coloured sandstone.

The Foybrook Formation comprises coal bearing sequences with wedges of siltstone and sandstone.
There are six main coal seams within the Foybrook Formation; in stratigraphic order (youngest to
oldest) coal seams include Lemington (three plies), Pikes Gully, Arties, Liddell, Barrett and Hebden
seams. Figure 4-7 shows the Lemington seam plies and Pikes Gully seam subcropping within and
adjacent to the Glendell Pit Extension. The seam subcrops encircle the Camberwell Anticline and create
a dome like feature in the shallow geology. The coal seams occurring in the Glendell Pit Extension vary
in thickness as described below:

e Lemington seam - comprises three major plies (LC, LB and LA) with a cumulative thickness
varying between 8 m and 12 m;

e Pikes Gully seam - comprises three plies (PG1, PG2 and PG3) with an average cumulative
thickness of 2.7 m;

e Arties seam - comprises three major plies (ART1, ART2 and ART3) with an average cumulative
thickness of approximately 2 m;

e Liddell seams - comprises Upper, Middle and Lower Liddell seams each with several plies and
rider seams - each of the seams ranges in thickness from 1 m to 4 m;

e Barrett seam - comprises three plies (BAR1, BAR2 and BAR3) with an average cumulative
thickness of 2 m to 3 m; and

o Hebden seam - comprises the Upper and Lower Hebden seams, with an average thickness of
1.8 m and <1.2 m respectively.

Figure 4-8 and Figure 4-9 show the surface and depth of the Barrett and Middle Liddell seams
respectively. The figures highlight the anticline aligned through the Glendell Pit Extension and the strata
dipping away from the fold axis and plunging gently to the north.

A thin weathered profile occurs across the Permian strata that are exposed at the land surface.
Figure 4-10 shows the exposed Permian sequence exposed in the southern wall of the Glendell Pit.
Weathered sub-cropping coal seams are also visible in the photograph.
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Figure 4-10 Weathering of Permian strata and sub-cropping coal seams in south wall

of Glendell Pit (20 June 2018)

4.2.3 Geological structures

The main regional geological structures in the Glendell Pit Extension and surrounding region are shown
in Figure 4-11. There are four main regional geological structures as follows:

Camberwell Anticline - centrally located within the Glendell Pit Extension, trending north-south
with strata gently dipping (<20 degrees) away from the fold axis and plunging gently to the
north.

Cutback Fault - a reverse fault with an approximate 3 m to 5 m displacement located west of the
Camberwell Anticline, and dipping at approximately 12 degrees to the east.

Block Fault Zone - located in the northern parts of the Glendell Pit Extension and comprising a
250 m to 300 m wide zone of north east striking horst and graben type normal fault structures,
with typical displacements of less than 12 m and some minor <4 m thick igneous intrusions.

Hunter Valley Dyke, which occurs in the north beyond the Glendell Pit Extension striking
northeast, with typical intrusive thickness of up to 15m and associated cindered coal
thicknesses (either side of the intrusion) of up to 15 m.

Apart from the major faults and fold structures, it is expected that there will be zones of structural
disturbance characterised by small-scale faulting (<2 m), shearing and coal seam mylonite in the
Glendell Pit Extension, as these are found elsewhere at the Mount Owen Complex. It is also anticipated
there will be zones of igneous intrusions (dykes) occurring as continuations of the northeast trending
small-scale dyke/cinder zones (<4 m), found in open cut workings adjacent to the Project
(including Ravensworth East and Glendell). It is expected that these small-scale fault and dyke zones
will have no appreciable impact on mining and/or resources, as they currently present no significant
issues in other parts of the Mount Owen Complex. Figure 4-12 shows the generally continuous nature
of the coal seams exposed with the Glendell Mine. Figure 4-13 shows a small reverse/thrust fault
exposed at Glendell Pit.
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Figure 4-12 Glendell Pit western highwall showing the generally continuous nature of
the coal seams

Figure 4-13 Fault exposed in Glendell Pit (20 June 2018)
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PSM (2019) investigated the block fault zone as part of geotechnical studies for the proposed Glendell
Pit Extension. PSM described the block fault zone as a regional “horst and graben” type structure
comprising a series of alternating raised and lowered blocks across the fault zone. Because the fault zone
is a regional feature identifiable across the Hunter Valley PSM investigated where the fault has been
intersected in other mining operations. Figure 4-13 to Figure 4-14 below are reproduced from the
PSM (2019) report and have been marked up to highlight individual faults and structures encountered
in the Bayswater North Pit. The photos show the throw on the faults within the block fault zone are not
large and result in only slightly offset coal seams. Occurrence of groundwater varies in the photos, but
the fault zone visually does not appear to host large amounts of groundwater and is considered a less
significant source of groundwater inflow when compared with the coal seams.

Figure 4-14 Block fault zone exposed at Bayswater North Pit (from PSM 2019)
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Figure 4-15 Block fault zone exposed at Bayswater North Pit in 2017 (from PSM 2019)

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | 45



5 Conceptual model of groundwater regime

5.1 Hydrostratigraphic units

The geological units described previously can be grouped into the following ‘hydrostratigraphic units’
based on their ability to store and transmit groundwater:

e Quaternary alluvium, which forms a relatively thin aquifer system where it occurs along the
major creeks and rivers;

e Permian sediments that can be divided into:
0 thin and variably permeable weathered rock (regolith);
0 non coal interburden that forms aquitards; and

0 low to moderately permeable coal seams that act as the most transmissive strata within
the coal measures.

SKM (2012) conducted drilling within the Glendell Pit Extension in 2012 which included the installation
of the GNP series of bores along Bowmans Creek. They describe the morphology of the alluvial areas as
characterised by a vertical succession of essentially three units from a basal coarse-grained bed load
comprising sand size to cobble size deposits, to finer grained levee (low level terrace) deposits and then
to floodplain deposits. These unconsolidated deposits act as a groundwater store supporting baseflow
contributions to Bowmans Creek. The coal seams are described as typically representing the most
permeable hardrock strata in the region through the presence of cleating and jointing with
permeabilities that are at least two and often three orders of magnitude higher than interburden.

The following sections summarise the data available for each hydrostratigraphic units and present
a conceptual model for the groundwater regime.

5.2 Groundwater monitoring network

Glencore monitor groundwater levels at each of its operations across the mid Hunter region using
a network of monitoring bores and vibrating wire piezometers (VWP). The monitoring network targets
the Quaternary alluvium along drainage lines and the Permian interburden/coal seams.
Monitoring bores within the Quaternary alluvium are typically shallow, owing to the nature of the local
alluvial deposits. The Permian strata is monitored using a combination of monitoring bores and VWP
arrays for the deeper strata within the geological sequence. The locations of the monitoring bores and
VWPs are presented in Figure 5-1.
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Of particular relevance to the conceptual model are the monitoring bores installed within and
underlying the Bowmans Creek alluvium, which is the main water source adjacent to the Project.
The monitoring network in this area and along Bowmans Creek has been gradually installed over time
to address a range of objectives. The bores shown on Figure 5-1 installed have a unique prefix that
relates to each drilling campaign as follows:

e 2001 - ALV series comprises pairs of bores installed within the Bowmans Creek alluvium and
the underlying Permian regolith for monitoring the impact of the Liddell Coal Operations.
Additional bores have been added to the ALV series over time.

e 2006 - NPZ series comprises pairs of 25 mm and 50 mm PVC monitoring bores installed in single
exploration holes around the Mount Owen Complex (NPZ4, NPZ6, NPZ7 and NPZ11 to NPZ16).

e 2007 - 2008 - GCP - “Glennies Creek Project” series comprises alluvial monitoring bores
installed along Bettys Creek, Main Creek and Glennies Creek alluvium for the Integra
Underground and open cut mining operation (now known as Rix’s Creek North).

e ~2009 - GA - “Glendell Alluvium” series — comprises two alluvial bores, GA1 and GAZ2 installed
when mining commenced in the Glendell Pit - the exact date of installation is not certain but data
from the bores is available since 2009.

e 2012 - BC series - “Bowmans Creek” series comprises two clusters of alluvial bores installed in
2012 to evaluate the hydrogeological properties of the Swamp Creek and Yorks Creek alluvium
where the continuation of mining is proposed (BC01 to BC22).

e 2012-2018- GNP series - the “Glendell North Project” series comprises a network of twin sites
that have been gradually added to over time as follows:

0 2012 - installation of shallow monitoring bores (GNPS-01 to GNPS-07prefix) within the
Bowmans Creek alluvium and arrays of VWPs within the underlying Permian coal
measures (GNP1 to GNP8).

0 2018 -installation of GNP9S to GNP11S within the Bowmans Creek alluvium paired with
GNPID to GNP11D within the immediately underlying Permian strata.

e 2017 - NPZ series - three pairs of standpipe bores were added to the NPZ series installed in
separate boreholes within Quaternary alluvium and Permian strata for the Mount Owen
Continued Operations Project (NPZ107 to NPZ109).

e 2018 -2019 - Additional bores added to SMO, GNOH, and GNC series:

0 SMO series - three new VWPs were installed across Liddell, Hebden, and Lemington
seams in May 2018.

O GNOH series - the “Glendell North Open Hole” series comprises three new VWPs
installed in various coal seams and interburden in August 2018.

0 GNC series - the “Glendell North Core Hole” series comprises three new VWPs installed
across the Arties, Pikes Gully, Upper Liddell, Middle Liddell, and Hebden seams.
Holes were drilled at an angle to define the block fault zone.

Figure 5-1 shows the locations of the monitoring bores and VWPs. As shown on the map the monitoring
bores target the Quaternary alluvium deposited within Bowmans Creek and its tributaries that surround
the Project and also along Main Creek, and Glennies Creek, as well within key coal seams and
interburden units being mined. Tables within Appendix B summarise the construction details for each
of the monitoring sites.

The locations of the SMO, GNOH and GNC series VWPs that were installed in 2018-2019 are shown on
Figure 5-1, but as the sites are only recently installed there is no significant data accumulated.
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5.3 Saturation and productivity

Where saturated the Quaternary alluvium forms a groundwater system with varying productivity.
The potential to form a useful groundwater resource is controlled by the aquifer thickness and the water
quality. The alluvial material typically offers significantly increased groundwater storage when
compared to the underlying Permian coal seams, through higher interstitial porosity.

Figure 5-2 below shows the saturated thickness of the Quaternary alluvium measured in key monitoring
bores during 2018. The figure also shows the saturated thickness interpolated through the Quaternary
alluvium based on observed saturation within the monitoring bore network.

The monitoring data shows that Bowmans Creek forms the most significant aquifer system within the
vicinity of the Project with saturated thickness reaching 5 m to 10 m in the thicker parts of the alluvium.
The saturated thickness thins towards the edges of the Bowmans Creek Quaternary alluvium, and at the
fringes is dry as the water table is within the weathered rock below the base of the alluvium.

Borehole logs from monitoring bores installed in areas where the saturation of the Bowmans Creek
alluvium is most significant indicate groundwater occurs within coarse sands and gravels occurring at
the base of the alluvial sequence. In some areas the sands and gravels can be relatively clean with only
minor fine sediments present, whilst in other areas the sand and gravel sediments can be clay bound.
Where the Bowmans Creek alluvium has a saturated thickness of 5 m to 10 m and is comprised of
relatively clean sand and gravels then it is likely it meets the criteria for a “highly productive” aquifer.
This is because yields of more than 5 L/sec would be possible from properly constructed water supply
bores in the areas where there is significant saturation and permeability. In areas of thinner and more
clay bound alluvium, yields exceeding 5 L/sec are less likely and, even if present initially, are unlikely to
be maintained for any significant period.

As noted in Section 5.2 there are clusters of monitoring bores installed to evaluate the hydrogeological
properties of the Swamp Creek and Yorks Creek alluvium. In contrast to Bowmans Creek the monitoring
bores installed within Quaternary alluvium along the tributaries of Bowmans Creek, being Bettys Creek,
Yorks Creek and Swamp Creek record very limited saturated thickness or are dry. Figure 5-2 shows both
Yorks Creek and Swamp Creek, which will be intersected by the proposed mining, have a relatively
narrow flood plain with the alluvium being relatively thin and largely above the water table.
The monitoring bore logs indicate a lower energy depositional environment with coarse gravels
uncommon and finer sandy clay sediments predominant within the alluvial sequence. The available data
therefore indicates that the alluvium occurring along Yorks Creek and Swamp Creek could not be
classified as a “highly productive” aquifer due to the limited aquifer saturation and limited permeability
due to the presence of clays. It should also not be considered as “less productive” as it is predominantly
dry and therefore does not form an aquifer system, with groundwater only present within the
underlying weathered rock of following extended wet periods when the regional shallow water table is
also elevated.

Bettys Creek is also a tributary of Bowmans Creek joining Bowmans Creek downstream of Glendell Mine.
Bettys Creek has been previously diverted between Glendell Pit and the Main Northern Railway north
of the Ashton Coal Mine. The diversion has resulted in the removal of alluvial sediments in the area of
the diversion. Further upstream of this area monitoring bores logs indicate the Bettys Creek alluvium is
relatively thin with horizons of clay, silt, sand, and gravel. Borehole logs indicate the alluvium is
commonly 2m to 6 m in thickness, with only one borehole intersecting some 8 m of sediments.
The limited thickness of alluvium with Bettys Creek means it is commonly dry or has limited saturated
thickness. Similar to the other tributaries of Yorks and Swamp Creek the limited saturation and
permeability mean it does not meet the criteria to form a “highly productive” aquifer.
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As outlined in Section 2.3.1 the division of an alluvial aquifer into “highly productive” or
“less productive” categories is based upon potential water bore yields and also the salinity of
groundwater. The salinity of groundwater within the tributaries of Bowmans Creek also limits the
beneficial use of groundwater and is discussed further in Section 5.8.1.

Saturation of the Permian strata occurs in both the coal seams and interburden. The ability to yield water
is limited to the coal seams, as the interburden does not transmit significant volumes of groundwater
and acts as an aquitard confining the coal seams. The coal seams are comprised of multiple plies with
intervening non-coal interburden. When the plies and non-coal layers are combined each seam can
range from 2.5 m to 10 m in thickness and is generally fully saturated with groundwater. The yield from
the coal seams is also relatively low due to limited permeability and thickness, meaning they also cannot
be classified as ‘highly productive”, and are considered “less productive”. Figure 2-3 shows the coal
seams intersected in Glendell Pit and illustrates the lack of significant seepage from the interburden
rock units and the zones of limited seepage from the deeper coal seams. This limited seepage from the
coal seams is typical of Hunter Valley mines, which do not commonly need to remove significant volumes
of groundwater from the mining face/pit as the volumes of seepage are low enough to readily evaporate.
Due to these complications, groundwater seepage into historic mining areas is difficult to quantify,
which increases the uncertainty of forward predictions.

5.4 Groundwater flow directions

Standing water level measurements from monitoring bores in the Project region indicate groundwater
flow within the Quaternary alluvium is a reflection of the surface topography. Figure 5-3 shows
interpolated groundwater levels from monitoring bores within saturated alluvium. The figure highlights
the generally southerly trend in groundwater flow towards the Hunter River in the south. The hydraulic
gradients in Bettys Creek are about 1:100, whereas a gentler gradient occurs in Bowmans Creek at
1:300. This gentler hydraulic gradient within Bowmans Creek is expected to be due to the presence of
more permeable sediments and a higher transmissivity through the alluvial aquifer resulting in flatter
hydraulic gradients. No zones of anomalously low-lying groundwater levels, or hydraulic gradients
towards mining areas are evident in the interpolated water table surface along Bowmans Creek or
Bettys Creek, and therefore no impact from existing mining activities is immediately evident in the flow
directions.

Groundwater levels measured within the Permian strata were also reviewed to determine groundwater
flow directions. A potentiometric surface was created by interpolating measured water levels from the
Middle Liddell seam, which has a large number of monitoring locations and is intersected by a large
number of the surrounding mining operations. Figure 5-4 shows the potentiometric surface developed
from water levels measured in 2017.

The figure indicates the potentiometric surface has only a weak relationship with surface topography,
with higher water levels measured in the north in the more elevated terrain, and lower levels towards
the Hunter River which is a regional low point in the topography. Across the potentiometric surface are
localised area with hydraulic gradients aligned towards depressurised mining areas at Liddell
underground mine, Integra Underground and Ravensworth Operations which includes both open cut
and underground longwall mining areas. Figure 5-4 shows that approved mining operations have
depressurised the Permian and lowered the potentiometric surface within the Middle Liddell seam to
well below levels measured within the overlying alluvial aquifers, particularly at Bowmans Creek.
This transient effect of depressurisation is to reduce and eventually remove Permian discharge to
overlying alluvial aquifers. This is discussed further in Section 5.5.
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As discussed, the monitoring data indicates depressurisation at the Liddell underground mine.
The Liddell underground mine is a former bord and pillar operation in the Middle Liddell seam, with
limited longwall mining areas. The now abandoned workings are used to store excess mine water from
Liddell Coal Operations and is accessed through a series of bores drilled into various sections of the
workings. The hydraulic gradient towards the Liddell underground mine appears to extend several
kilometres from the abandoned workings. Additional water level records from the Liddell underground
mine are presented in Section 5.5.

Data from VWPs also indicates depressurisation within the Middle Liddell seam and localised hydraulic
gradients aligned towards the Ravensworth Operations, which includes both open cut and underground
longwall mining areas, Integra Underground longwall mining areas and Glendell Mine. In some areas a
cumulative impact from the surrounding mining operations is likely, but difficult to identify. Despite this
the potentiometric surface provided in Figure 5-4 highlights the pre-existing impact of approved mining
operations on the Project Area, which has reversed horizontal and vertical hydraulic gradients in the
Permian coal seams away from alluvial discharge zones towards lower lying mining areas.

5.5 Water level fluctuations and inter-strata connectivity

As described in Section 5.2 a monitoring network has been gradually installed at the Mount Owen
Complex and in the surrounding region over time. The majority of the locations in the monitoring bore
network were installed prior to 2012 and provide baseline records for the Quaternary alluvium and
Permian coal measures. The existing network has been supplemented with three additional monitoring
sites, filling gaps in the monitoring network within the Bowmans Creek alluvium and underlying strata.
The water level monitoring has identified influences from climatic variability and also the cumulative
impact of surrounding mining operations on groundwater levels in the Project Area.

Appendix C contains hydrographs for key monitoring sites within and surrounding the Glendell Pit
Extension. Asnoted previously the monitoring bore network consists of PVC cased ‘stand pipe’
monitoring bores within the shallow strata and VWPs installed within the deeper coal seams. The VWPs
are fitted with data loggers that provide a continuous record of groundwater pressure within Permian
strata, with the groundwater levels within the standpipe monitoring bores measured on a routine basis
manually.

Many of the monitoring sites are paired. The monitoring pairs are constructed with either two PVC
standpipes at different depths, or a shallow standpipe bore paired with VWPs in deeper coal seams.
Where there are pairs of bores and VWPs constructed in close proximity water levels from both sites
are shown on the same hydrograph in Appendix C so the relationship between shallow and deeper
groundwater levels can be examined. This information is particularly useful in understanding if
depressurised coal seams in the Permian strata is influencing shallow groundwater systems in the
Quaternary alluvium and regolith. Because changes to groundwater level may be due to either prevailing
climatic conditions or by mining the CRD is also included on the hydrographs in Appendix D.
This illustrates any correlation between fluctuations in groundwater elevation and rainfall trends.

Examination of the hydrographs recorded from monitoring bores completed within the Bowmans Creek
Quaternary alluvium indicates the recorded water levels generally correlate with the climatic trends as
indicated by the CRD. This is particularly evident in the clusters of monitoring bores installed within the
Yorks Creek and Swamp Creek areas that show the aquifer water levels generally responding in a similar
manner aligned with prevailing climate conditions. Monitoring within alluvium has recorded a general
decline in water levels since late 2013 due to generally below average rainfall, with a period of drought
since late 2016 resulting in a notably rapid decline in groundwater levels. The decline in groundwater
levels is typically in the range of 0.5 m to 2 m since 2013 in the Swamp Creek and Yorks Creek areas.

Of particular interest are monitoring bores GA1 and GA2 which are located within the Swamp Creek
alluvium adjacent to the Glendell Pit.
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The water levels in GA2 shows a close correlation to climatic conditions but no obvious indications that
mining which commenced in 2009 has significantly influenced groundwater levels within the alluvium.

Charts of groundwater levels for monitoring bores installed within the Bowmans Creek alluvium are
presented in Figure 5-5 to Figure 5-9. The charts show the relationship between groundwater levels and
climate as indicated by CRD trends. The hydrographs serve to graphically illustrate the influence of the
current drought on the saturated thickness of the Bowmans Creek alluvium. The charts show the water
table has fallen below the base of the Bowmans Creek alluvium at the sites of GNP0O9 and GNP11.
Some 2 m of saturation remains at the site of GNP10. Soil samples could not be retrieved from GNP02
and GNP06 whilst drilling to determine the base of the Bowmans Creek alluvium at these sites, but the
water level trends indicate between 1 m and 4 m decline since the drought conditions were declared in
2017. The monitoring records from these bores illustrate that the Bowmans Creek alluvium becomes
variably unsaturated in response to periods of very low recharge and drought.

85 - - 700
84 |

. - 500
83 A —
£
~ é}
A 82 )
T - 300 =
= \ v
£ 81 A 3
> a
[} —_—
~ 80 L 100 =
£ &
= £
2 79 | e
i ]
= 13 >
5 - -100 £
&5 787 E
£
=
77 G

L -300

76
75 T T T T T T T —500

Jan-18 Apr-18 Jun-18 Sep-18 Dec-18 Mar-19 Jun-19 Sep-19

—GNPO9D - logger GNPO9D - manual Base of alluvium CRD

Figure 5-5 Groundwater levels and CRD - GNP09

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | 55



79

~ ~
~ (o}
| |

Groundwater level (mAHD)
>
1

~
vl

74

73
Jan-18

68.0 -

67.5 A

67.0 -

Apr-18 Jun-18 Sep-18 Dec-18 Mar-19 Jun-19 Sep-19
A GNP10S - manual ®= GNP10D - manual ——GNP10D - logger
—GNP10S - logger ——Base of alluvium CRD

Figure 5-6 Groundwater levels and CRD - GNP10

Groundwater level (mAHD)

66.5 -

66.0
Jan-18

Apr-18 Jun-18 Sep-18 Dec-18 Mar-19 Jun-19 Sep-19
——GNP11S - manual -*=GNP11D - manual ——Base ofalluvium CRD

Figure 5-7 Groundwater levels and CRD - GNP11

700

500

300

100

-100

-300

-500

700

500

300

100

-100

-300

-500

Cumulative Rainfall Departure (mm)

Cumulative Rainfall Departure (mm)

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | 56



Groundwater Level (mAHD)

Groundwater Elevation (mAHD)

80 7 r 700
797 - 500 =
78 A o
{ - 300 2
3
: 5
77 2
- 100 7
[
76 A 'S
e
]
- -100 2
m T
75 =
g
3
24 - -300
73 T T T T T T '500
2013 2014 2015 2016 2017 2018 2019
—+—GNP6 - manual CRD
Figure 5-8 Groundwater levels and CRD - GNP02
75.0 1 - 1000
745 - F 800
74.0 - £
\ [\V\ - 400 B
Lo—— \/\/\ E
73.5 A L 200 %
[an]
73.0 1 \/\\ Lo E
£
72.5 - [ 200 g
k=
- 400 2
72.0 S
- -600
71.5 - - -800
71.0 . . . . . . -1000
2013 2014 2015 2016 2017 2018 2019
——GNPO02 - manual CRD

Figure 5-9 Groundwater levels and CRD - GNP06

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | 57



The overall conclusion drawn from the baseline monitoring conducted within the Quaternary alluvium
is that the water levels fluctuate some 1 to 4 m and are strongly correlated with climatic conditions.
The influence of approved surrounding mining is less significant, and not readily evident in the water
level datasets due to the masking influence of climate.

Nested monitoring bores with separate piezometers within the regolith and Bowmans Creek alluvium
were installed at three sites adjacent to the Glendell Pit Extension in 2018 (GNP9S/D to GNP11S/D).
The water levels recorded within the alluvium and underlying regolith are similar indicating a degree if
connectivity between these units. Moderate groundwater flow is expected through the relatively
permeable regolith and is expected to follow topography. The regolith has the potential to hydraulically
connect the alluvium to the mine workings; however, the unit is typically dry and thin distal to the
saturated alluvium.

In contrast to the alluvium, the monitoring locations installed within the deeper underlying Permian
coal seams have recorded significant depressurisation during the baseline monitoring period.
The groundwater levels measured within the Permian coal seams are related to the groundwater level
at the discharge zone for each seam. In the absence of mining activities, the main discharge mechanism
for groundwater within coal seams is through slow upward flow to low lying Quaternary alluvium along
creeks. In the absence of mining activities, groundwater levels within coal seams would be at least equal
to or higher than the level of the discharge zone, and therefore similar to groundwater levels within
alluvium.

A review of the groundwater levels recorded within coal seams in the Project Area since 2012 shows
that the measured levels are commonly well below the water levels recorded within the Quaternary
alluvium. This indicates there is a lower lying discharge zone available for the coal seams through which
to ‘depressurise’ over time. Approved mining operations that surround the Glendell Pit Extension
extend to the Barrett seam at Glendell, Ravensworth Operations and Ashton Coal Mine, the Hebden seam
at Liddell Coal Operations and Mount Owen Complex, and the Middle Liddell seam at Integra
Underground. The cumulative effect of these operations is to depressurise the coal seams existing in the
Glendell Pit Extension. The proposed Glendell Pit Extension is particularly susceptible to drainage and
depressurisation from the surrounding mines as it is located at the ridge of an anticline structure.
This means the coal seams targeted for mining are relatively elevated compared to surrounding mines,
particularly Ravensworth Operations and Integra Underground which are depressurising the seams at
a greater depth.

The GNP-series VWPs along Bowmans Creek (Appendix D) all show a generally downward trend in
groundwater elevation in the targeted coal seams. There is no strong correlation between CRD and
groundwater level trends in the Permian units, and therefore the observed decline is attributed to
depressurisation induced by surrounding mining. The GNP series of VWPs indicate that the coal seams
have been depressurised to a level which is below the base of the Bowmans Creek alluvium. This means
there is no longer any potential for upward flow of groundwater from the Permian coal measures to the
Bowmans Creek alluvium as the hydraulic gradient has reversed and is downwards from the alluvium
to the Permian. The fact that the Bowmans Creek alluvial aquifer shows no notable drawdown in
response to open cut mining indicates the volume of groundwater moving downwards to the Permian
is limited and less than recharge rates from rainfall and streamflow that serve to buffer any losses.

Of particular relevance to the Project are two VWP arrays, GNP1 and GNP5 that are located on the
north-western and western side of Glendell Pit Extension, respectively. These VWPs have recorded the
depressurisation occurring within the coal seams due to mining the Approved Operations and therefore
serve as potential indicator for impacts from the Project. GNP1 is located approximately 500 m west of
previously mined areas in the Glendell Pit and approximately 500 m north-west of the current active
mining area. The hydrographs for this site show a general decline in piezometric elevations within the
coal seams over time. The piezometric elevations range from about 20 to -10 mAHD. This is a typical
response for coal seams in proximity to mining as expected from previous hydrogeological studies.
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The piezometric elevations within the coal seams are approximately 40 m below the level of
groundwater occurring within the adjacent alluvium which is around 70 mAHD. This highlights again
that despite the depressurisation of the coal seams the groundwater levels within the overlying alluvial
systems are not detectably affected.

GNPS5 is located approximately 250 m west of Swamp Creek and 1,400 m north-west of the current
active mining area in Glendell Pit. This site has also recorded a general decline in the piezometric
elevations within the coal seams over time due to mining. Again, similar to other sites whilst the coal
seams have been depressurised, the piezometric elevations recorded within the upper interburden at
40 m depth does not show any decline and is a similar elevation as the alluvium groundwater levels
(~70 mAHD). This again indicates that the depressurisation of the coal seams from opencut mining does
not propagate into the shallow bed rock and alluvium due to higher recharge and storage in these layers.

Some of the VWPs have recorded more complex trends with downwards and upward trends. This is
particularly evident at site GNP4 which is adjacent to the former Liddell underground mine.
Underground workings at Liddell in the Middle Liddell seam are used for storage of excess mine water.
Figure 5-10 shows the location of the underground workings and surrounding monitoring locations.
Production bores drilled into the former underground mine are used to pump mine water into and out
of the workings. The bores are named M49, Middle Liddell, Hazeldene, and 8-South and serve to manage
water in different underground mine areas. Water levels within each of the water storages are measured
regularly through the bores and are shown in Figure 5-11.
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Figure 5-11 Liddell Coal Operations water storage elevations

Figure 5-11 shows the water level within the M49 workings, which are the closest to the Glendell Pit
Extension, are maintained between about -20 and -40 mAHD. This is well below expected pre-mining
groundwater levels and the base of the adjacent Bowmans Creek alluvium as discussed previously.
Figure 5-10 highlights the proximity of the GNP series VWPs to the underground water storage area.
Figure 5-12 compares the water levels recorded by the VWP sensors in the Upper and Middle Liddell
seams in proximity to the Liddell Coal Operations underground water storage area.

Figure 5-12 shows the groundwater levels measured at GNP4 closely align with the water levels within
the Liddell underground mine workings. This is expected given the close proximity of this monitoring
site to the underground mine. A much more subtle response to the water level changes within the
underground mine has been recorded at GNP7, and with no detectable response beyond GNP7, apart
from depressurisation and downward trends.
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Figure 5-12 Liddell underground water storage levels and surrounding groundwater
levels within the Liddell Upper and Middle seams

5.6 Groundwater - surface water connectivity

Bowmans Creek was inspected on 18 June 2018 to understand the potential for connectivity between
surface water flow in the creek and groundwater in the underlying alluvial aquifer. The inspection was
done during a relatively dry period with little preceding rainfall, and therefore provided an opportunity
to inspect the Bowmans Creek in the absence of significant rainfall runoff. Adjacent to the Glendell Pit
Extension, Bowmans Creek was observed to comprise a series of pools connected by thin rivulets of flow
occurring through a gravel/cobble bed load, interspliced with areas where no surface water flow was
evident.

During the site visit three pools adjacent to monitoring bores within the alluvium were identified for
further investigation. Figure 5-13 shows the locations of the pools and monitoring bores. The water level
and depth of each pool was measured by a surveyor on 11 July 2018, and water samples collected for
laboratory analysis. Table 5-1 presents the measured water levels and water quality data collected from
the three pools and adjacent bores. Figure 5-14 to Figure 5-16 show photographs of each of the pools
during the surveying. A follow-up visit to the pools was undertaken in August 2019 to observe the
further decline in water levels and another photo taken for comparison.
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Table 5-1 Bowmans Creek water levels and quality

Pool Water levels Pool Electrical conductivity
location (mAHD) depth (uS/cm)

dj t
S N

GNP11 68.17 66.96 0.4 7.93 7.23 1,260 1,200
GNPS-02 73.75 71.89 1.2 7.86 6.76 1,720 1,312
GNP10 78.27 78.85 0.6 7.41 7.39 1,300 1,795

Figure 5-14 Bowmans Creek pool - adjacent bore GNP11 (Left - July 2018,
Right August 2019)

Figure 5-15 Bowmans Creek pool - adjacent bore GNPS-02 (Left - July 2018,
Right August 2019)
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Figure 5-16 Bowmans Creek pool - adjacent bore GNP10 (Left - July 2018,
Right August 2019)

Table 5-1 indicates the surface water level in the pools and groundwater level in the associated bores
are very similar. The hydraulic gradient at the GNP10 pool suggests flow from the alluvial aquifer toward
Bowmans Creek, and the reverse at the GNPS-02 and GNP11 pools with flow potentially from Bowmans
Creek into the alluvial aquifer in 2018.

Water chemistry is likewise very similar, with the chemical markers pH and EC showing no significant
variation between the pools and bore locations. The similarity in both water levels and water chemistry
between the pools of standing water and nearby alluvial aquifer monitoring bores indicates the pools
are windows within the Bowmans Creek alluvium and are an expression of the water table.
This indicates the Bowmans Creek alluvial aquifer is directly connected to surface water pools occurring
in Bowmans Creek during periods of low flow.

Since June 2018, water levels in the pools and monitoring bores have continued to decline in response
to very low rainfall. At the time of writing there was no observable streamflow in Bowmans Creek
(October 2019). This indicates the pools are not perennial features but do dry out in response to
extended periods of low rainfall.

5.7 Hydraulic properties

The hydraulic properties that govern groundwater storage and flow across the region vary considerably
between the unconsolidated Quaternary alluvial systems and the confined hard rock Permian aquifer
system associated with the coal measures.

A number of efforts have been made to measure the hydraulic conductivity of the Bowmans Creek
alluvium. Falling and rising head tests were conducted in the ALV series bores (ALV1,2,3,7,8) located
upstream of the Glendell Pit Extension adjacent to Liddell Coal Operations in 2013. The testing indicated
a hydraulic conductivity ranging from 1 m to 32 m/day, indicating a moderate to high permeability.
Additional testing was conducted adjacent to the Glendell Pit Extension by Jacobs (2018) in newly
installed alluvial monitoring bores GNP10S and GNP11S. GNP10S, which is screened in gravels, recorded
a high hydraulic conductivity between 10 m and 30 m/day. A moderate permeability of 0.04 m/day was
recorded in GNP11S, which is screened in sandy clay. No measurements of hydraulic conductivity are
available for Bettys Creek alluvium, but the lithology within the borehole logs suggests it would be
moderate to low due to the general dominance of clays.
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SKM (2012) conducted a significant program of packer testing to measure the hydraulic conductivity of
coal seams and interburden in the Glendell Pit Extension in the GNP series of boreholes along Bowmans
Creek. The packer testing involved isolating sections of each borehole and injecting water under
pressure into the rock to determine the hydraulic conductivity. The water flow rate and pressure were
recorded over a number of increasing steps and used to estimate the hydraulic conductivity of the test
zone. Table 5-2 presents the test results for each coal seam and interburden zone, and indicates the
permeability for the coal seams ranges from a very low permeability of 3.1 x -106 m/day up to a
moderately permeability of 1.7 x -10-2 m/day.

Table 5-2  Hydraulic conductivity test data

Hydraulic
Bore ID Test zone Test depth conductivity
(m/day)
interburden 39.5-43.1 7.1x-104
Pike Gully seam 146.5-150.1 1.7 x-102
Arties seam 168.5-171.1 2.8x-103
GNP5 Upper Liddell seam 199.5-203.1 3.2x-103
Middle Liddell seam 212.9-216.5 2.5x-103
Lower Liddell seam 231.5-235.1 1.1x-103
Barrett seam 247.5-251.1 5.6x-103
interburden 37.59-41.19 7.0x-10*
Pike Gully seam 82.6-86.2 1.5x-103
Upper Liddell seam 124-127.6 4.8x-10*
Middle Liddell seam 142.6-146.2 1.9x-103
GNP6
Lower Liddell seam 157.6-161.2 4.0x-1073
Barrett seam 172.6-176.2 2.2x-103
interburden 187.6-191.2 9.0x-10
Hebden seam 199.5-203.1 1.1x-102
Pikes Gully seam 124.0-127.6 1.1x-10->
Arties seam 146.0 - 149.6 3.1x-10¢
Upper Liddell seam 167.0-170.6 1.2 x-10°5
Middle Liddell seam 189.0 - 192.6 8.6x-10°¢
GNP7
Lower Liddell seam 202.0 - 205.6 9.3x-10¢
interburden 208.5-212.1 3.8x-10+4
Barrett seam 218.5-222.1 4.6x-10¢
Hebden seam 239.83 - 243.43 9.5x-10¢
Lower Liddell seam 63.5-67.1 4.1x-103
GNP8 Barrett seam 84.5-88.1 1.1x-103
Interburden 95.0-98.6 41x-103
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Measurements of hydraulic conductivity within the Permian strata are also available for many of the
surrounding coal mines within the Hunter Valley region and in the wider Sydney Basin.
Hydraulic conductivity has been measured using a variety of methods, including packer testing, lab core
permeability testing, air lift pumping tests and slug tests. Mackie (2009) compiled much of this data in
a single report, and this data has been supplemented with more recent data collected within the area of
the Glendell Pit Extension and from public domain reports for surrounding mining.

Figure 5-17 and Figure 5-18 show the available hydraulic conductivity measurements for Permian coals
and Permian interburden regionally. The graphs illustrate the general decline in hydraulic conductivity
with depth below the surface due to the closure of the fractures with increasing stratigraphic pressure,
and possible infilling due to mineral precipitates. Test data from the Glendell Pit Extension is also shown
on Figure 5-17 and Figure 5-18.

Figure 5-17 shows the decline in the coal seam hydraulic conductivity with depth and the relationship
determined by Mackie (2009) highlighted in light blue. The variability in hydraulic conductivity is also
illustrated with up to four orders of magnitude variability. This is illustrated by the testing undertaken
by SKM that recorded coal seam hydraulic conductivity ranging from 3.1 x -10-6 m/day up to a
moderately permeability of 1.7 x -10-2 m/day as described above.
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5.8 Groundwater quality and beneficial use
5.8.1 Salinity

This section describes the water quality and beneficial use of groundwater within the Quaternary
alluvium and Permian groundwater systems. Salinity is the key constraint to groundwater use, and can
be described by total dissolved solid (TDS) concentrations. TDS concentrations are commonly classified
on a scale ranging from fresh to extremely saline. Food and Agriculture Organization of the United
Nations (‘FAO’) (2013) provide a useful set of categories for assessing salinity based on TDS
concentrations as follows:

e Fresh water <500 mg/L

e Brackish (slightly saline) 500 to 1,500 mg/L

e Moderately saline 1,500 to 7,000 mg/L

e Saline 7,000 to 15,000 mg/L
e Highly saline 15,000 to 35,000 mg/L
e Brine >35,000 mg/L

Electrical conductivity data is collected routinely from the monitoring bore network at the site and
surrounds. Electrical conductivity can be used to estimate TDS concentrations by multiplying by
0.67 (ANZECC 2000). Figure 5-19 presents electrical conductivity measurements in monitoring bores
from key geological units within the Glendell Pit Extension as a violin plot. A violin plot shows the
density of data at different values and has been used to illustrate the distribution of data within each of
the salinity categories above. The salinity categories described previously are shown with equivalent
electrical conductivity measurements.
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Figure 5-19 Electrical conductivity violin plot of monitoring data

The violin plot shows graphically a number of factors including the generally variable nature of salinity
within the groundwater systems. The lowest salinity groundwater occurs within the Glennies Creek
alluvium. Flow in Glennies Creek is regulated by releases from the upstream dam and this may
contribute to the generally low salinity within the alluvial sediments. Bowmans Creek alluvium records
typically fresh to brackish groundwater, whilst samples of groundwater from Bettys Creek, Swamp
Creek and Yorks Creek (which are tributaries of Bowmans Creek) record widely varying salinity from
fresh to highly saline waters.

High level mapping by the NSW government has classified the Quaternary alluvium occurring along all
the water courses in the area including Bettys Creek, Swamp Creek and Yorks Creek as a “highly
productive” groundwater source (refer Section 2.3.2). To meet the criteria the groundwater system
must yield groundwater with a TDS concentration less than 1,500 mg/L (approximately 2,200 pS/cm in
EC). Groundwater with a salinity exceeding 1,500 mg/L is classified as “less productive”. The available
data indicate high salinity, low transmissivity, and low saturated thickness, meaning that Swamp Creek,
Yorks Creek and Bettys Creek alluvium do not meet the NSW government criteria of a highly productive
groundwater source and is therefore in the “less productive” category (refer Section 5.3 for detail on
saturation of alluvium).

Figure 5-19 shows the salinity of samples collected from the Bowmans Creek alluvium varies from fresh
to brackish, depending on the location. This means that in some areas the Bowmans Creek alluvium can
be considered ‘highly productive’ based on salinity, and in other areas it is within the ‘less productive’
category. The samples from the Glennies Creek alluvium further to the south of the Glendell Pit
Extension indicate a relatively fresh groundwater system. However, it should be noted other monitoring
bores that are now part of the adjacent Rix’s Creek North open cut mine operated by Bloomfield
Collieries have recorded fresh to saline water quality and are not recorded in the dataset shown on the
violin plot.
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The violin plots in Figure 5.14 also include data from the Permian strata that are drawn from the
Glencore mines within the mid Hunter Valley (Mount Owen Complex, Liddell Coal Operations,
Ravensworth Operations and Integra Underground). The figure illustrates the variability in the salinity
of groundwater occurring within the Permian strata ranging from fresh to highly saline. This variability
is expected to be a function of water sample depth, aquifer residence time and evapo-concentration
processes in the recharge area. Of note is the similarity in the salinity range measured within the
Permian compared with the alluvial groundwater from Bettys Creek, Bowmans Creek and Swamp Creek
alluvium. This similarity suggests that historical upwelling of Permian groundwater into the Quaternary
alluvium, prior to significant depressurisation of the Permian strata by mining had a significant
influence on alluvial groundwater quality where groundwater levels promote connectivity. The fact the
saline water entering the alluvium through the base is not significantly diluted upon entering the
alluvium indicates that fresher recharge from diffuse rainfall is relatively low. Mackie (2009) noted that
flow of Permian groundwater into the base of alluvial aquifers is a common process in the Hunter Valley
that reduces groundwater pressure in the bedrock in low lying areas, and can increase salinity within
alluvial sediments. Whilst the influence of mining has reduced connectivity between the Permian and
the alluvium, it is expected any reduction in salt load to the alluvium will take a long time to become
evident as the process of flushing salts from aquifers is relatively slow.

The water quality data was examined for spatial trends that could indicate groundwater flow processes.
Water quality in Bowman Creek is generally brackish, but fresher than groundwater in the alluvial
tributaries of Yorks Creek, Swamp Creek and Bettys Creek. The York Creek and Swamp Creek alluvium
are moderately saline to saline, but become more brackish (i.e. less saline) towards the aquifer
confluence with Bowmans Creek, likely due to an increase in recharge and through-flow. Overall, there
are no obvious spatial trends in water quality from north to south through the Bowmans Creek alluvium.
There are however a number of sites where a moderate salinity aligns with thicker alluvial sediments,
suggesting there could be salinity stratification in lower lying areas of the alluvial aquifer where denser
more saline water would collect.

The violin plot combines salinity data over different time periods into a single graphic. To examine
trends over time Figure 5-20 to Figure 5-24 were prepared, and show the variability in the salinity of
samples collected over time from bores within the alluvial groundwater systems of Bowmans Creek,
Yorks Creek, Swamp Creek and Bettys Creek alluvium as well as samples collected from the Permian
strata.
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Figure 5-21 Electrical conductivity in Yorks Creek alluvium
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Figure 5-24 Electrical conductivity in selected Permian monitoring bores

The above charts indicate a level of variability in the salinity of samples collected from each monitoring
bore over time. Of note is the brackish to saline nature of groundwater samples collected from bores
installed in the tributaries of Bowmans Creek, i.e. Yorks Creek, Swamp Creek and Bettys Creek.
No uniform cycles are evident between monitoring bores within the Quaternary alluvium. For example,
trends of declining salinity and stable salinity are both evident in records from the Swamp Creek cluster
of alluvial monitoring bores. When a declining trend in salinity has been observed this may be related
to depressurisation of the underlying Permian reducing the upward flow of Permian water. In contrast
salinity appears more stable in water samples collected from bores installed within the Yorks Creek and
Bowmans Creek alluvium, compared with Swamp Creek. The generally variable nature of salinity within
the smaller tributaries of Bowmans Creek indicates relatively slow movement of groundwater, with low
permeability areas retarding recharge and flushing of salts from the sediments. For these reasons
Swamp Creek, Yorks Creek and Bettys Creek alluvium do not form highly productive aquifers as defined
in the AIP, and therefore have not been exploited for any beneficial use. The occurrence of the salinity is
due to evapo-concentration of rainfall recharge and flow of saline groundwater from the underlying
Permian strata into the base of the Quaternary alluvium where the regional water table is above the
base of alluvium, or has been in the past.
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5.8.2 Chemistry and beneficial use

Groundwater samples were collected from selected monitoring bores installed within the Quaternary
alluvium and Permian groundwater systems for a comprehensive laboratory analysis of water quality
indicators between 2017 and 2018. Samples were also taken from two standing pools in Bowmans
Creek, which were determined to be windows to the water table (refer Section 5.6). Table 5-3 presents
the results of the analyses of the selected bores and highlights where the results exceed guideline levels
for aquatic ecosystems, irrigation, stock and potable consumption.

The table indicates that the groundwater from both the Quaternary alluvium and Permian groundwater
systems is not suitable for potable or irrigation uses due to salinity. The concentration of total metals
also exceeds guideline values for freshwater aquatic ecosystems. This is not uncommon in groundwater
systems where trace elements can be naturally concentrated above guideline values for aquatic
ecosystems that would rely on fresh water. The data does suggest the groundwater from some areas
within the Quaternary alluvium and Permian could be used for stock, but this use is variable and
generally controlled by the salinity.

The salinity of water is the key restriction on beneficial use. Consequently, the groundwater from much
of the region is unsuitable for more sensitive uses such as human consumption and irrigation.
The monitoring bore data indicates some regions of Quaternary alluvium and Permian could yield
groundwater with salinity levels that would be tolerated by some stock, but these areas are not
consistent through the groundwater systems.
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Table 5-3  Water quality in selected monitoring bores

G1G74C

Groundwater Quality Results

Parameter Units LOR" ANZECC GUIDELINES NHMRC
Samplellocation Fresh Water
Bore ID Aquatic S.ho-rt t(?rm l.:on.g Te‘rm Stock Water ALV1 LARGE [ ALV2 LARGE | ALV7 LARGE| BC-SP02 BC-SP02 BC-SP03 BC-SP03 BC-SP03 BC-SP06 BC-SP06 BC-SP07 BC-SP07 BC-SP07 BC-SP08 BC-SP08 BC-SP09 BC-SP09 BC-SP11 BC-SP11
Date Sampled (95th) B B 21-08-17 21-08-17 21-08-17 17-05-18 13-04-18 01-09-17 17-05-18 13-04-18 17-05-18 13-04-18 01-09-17 17-05-18 13-04-18 17-05-18 13-04-18 17-05-18 13-04-18 17-05-18 13-04-18
Lithology
[Physical P.
pH pH Units [ 0.1 6.5 -8.5 6.0 -8.5 6.0 -8.5 = 7.3 7.7 7.4 7.16 7.4 7.8 7.48 7.64 7.32 7.55 7.7 7.35 7.47 7.47 7.73 7.38 7.63 6.94 7.11
Electrical conductivity uS/cm 1 120-300 = - 1120 2370 1680 5770 6200 8820 9210 10200 10500 11800 11500 11800 13000 14200 15800 11200 12200 5430 7160
Sodium Absorption Ration (SAR) - 0.01 - - 3.42 5.89 4.47 11.6 12.6 20.1 20.6 21.3 19.4 20.7 23.7 22.6 23.9 30.8 31.1 23.2 23.9 8.81 9.35
Total Dissolved Solids (calc) mg/L 1.00 - 3000 - 13000*
Total Hardness as CaCO3 mg/L 1.00 - -
Hydroxide Alkalinity as CaCO3 mg/L 1.00 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Carbonate Alkalinity as CaCO3 mg/L 1.00 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Bicarbonate Alkalinity as CaCO3 mg/L 1.00 ° 2 186.00 447.00 314.00 491 504 681.00 718 757 793 852 922.00 934 987 1140 1150 1080 1120 497 573
Total Alkalinity as CaCO3 mg/L 1.00 - - 186.00 447.00 314.00 491 504 681.00 718 757 793 852 922.00 934 987 1140 1150 1080 1120 497 573
Major Ions
Sulfate as SO4 - Turbidimetric mg/L 1 - 1000 - 2000 127 192
Chloride mg/L 1 40 - 160 313 255 1190 1190 2270 2660 2600 3130 3010 3280 3750 3680 4560 4510 3410 3260 1390 1740
Fluoride mg/L 0.1 2.0 1.0 2 0.2 0.4 0.3 0.5 0.8 1 1 1 0.7 0.8 0.8 0.8 0.8 1 1.1 0.7 0.8 0.3 0.5
Calcium mg/L 1 ° 1000 65 159 90 177 190 129 130 138 125 138 92 102 115 97 110 96 114 193 214
i mg/L 1 - - 25 103 42 137 147 196 198 212 297 315 304 314 319 318 303 271 280 155 172
Potassium mg/L 1 - - 2 4 2 1 2 4 3 4 12 12 18 16 19 20 20 12 12 3 3
Total Anions meq/L 0.01 ° 2 10.9 23.8 17.5 62 63.2 94.7 108 106 127 127 124 139 138 166 164 132 128 56.4 68.6
Total Cations meq/L 0.01 - - 10.9 34.1 16.9 57.1 63 90.1 92.4 98.8 107 117 121 120 128 153 152 113 120 52 57.9
lonic Balance % 0.01 ° = 0.21 17.9 1.6 4.14 0.2 2.51 7.87 3.68 8.35 4.04 12 7.3 3.82 4.1 3.88 8.05 3.51 4.09 8.48
Nutrients
Ammonia as N mg/L 0.01 0.9 ° e 0.05 0.06 <0.01 0.02 0.02 <0.01 0.02 0.09 0.09 0.13 <0.01 0.13 0.12 0.02 0.15 0.13 0.05 0.02 0.02
Nitrite as N mg/L 0.01 o 30 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01
Nitrate as N mg/L 0.01 0.7 = = 0.02 0.09 0.04 0.03 0.05 0.13 0.08 0.1 0.04 0.07 0.16 0.07 0.1 0.05 0.06 0.03 0.05 0.06 0.09
Nitrite + Nitrate as N mg/L 0.01 - 400 0.02 0.09 0.04 0.03 0.05 0.13 0.08 0.1 0.04 0.07 0.16 0.07 0.1 0.05 0.06 0.03 0.06 0.06 0.09
Total Kjeldahl Nitrogen as N mg/L 0.1 = - <0.1 <0.1 <0.1 0.2 0.9 0.5 15 1 0.6 2.2 13 15 1 0.7 11 0.3 0.4 0.4 0.5
Total Nitrogen as N mg/L 0.1 25-125 5 = <0.1 <0.1 <0.1 0.2 1 0.6 1.6 11 0.6 2.3 15 1.6 11 0.8 1.2 0.3 0.5 0.5 0.6
Total Phosphorus as P mg/L 0.01 0.8-12 0.05 - 0.09 0.04 0.04 0.18 0.54 0.26 1.03 1.2 0.17 0.49 1.01 1.92 1.37 0.53 0.74 0.36 0.31 0.42 0.36
Reactive Phosphorus as P mg/L 0.01 - <0.01 0.02 <0.01 0.08 0.08 0.12 0.12 0.12 0.06 0.06 0.01 0.02 0.01 0.02 0.01 <0.01 0.02 <0.01 <0.01
Total Metals
Aluminium mg/L 0.01 0.055 5 5 0.58 0.31 1.51 5.76 9.71 18.4 94 77.4 6.4 215 87.9 95 72.9 34.8 32.2 19.5 13.2 23.5 13.4
Arsenic mg/L 0.001 A:s(:‘l,l)):‘;JIZ: 2.0 0.1 0.5 <0.001 <0.001 0.003 0.004 0.009 0.005 0.001 0.005 0.009 0.007
Beryllium mg/L 0.001 0.5 0.1 - <0.001 <0.001 <0.001 <0.001 0.002 0.001 0.006 0.007 <0.001 0.002 0.006 0.008 0.006 0.002 0.003 0.002 <0.001 0.002 <0.001
Barium mg/L 0.001 - - 0.321 0.094 0.13 0.157 0.198 0.174 0.647 0.519 0.229 0.281 0.613 0.756 0.488 0.304 0.308 0.19 0.117 0.288 0.214
Cadmium mg/L_| 0.0001 0.0002 0.05 0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0002 <0.0001 0.0003 0.0001 0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Chromium mg/l | 0001 c.-c(vﬂll)l oo 10 01 10 <0001 | <0001 | <0001 0.005 0011 0019 0.088 0087 0.008 0.032 0083 0.087 0.07 0.039 0.037 0.021 0013 0.02 0012
Cobalt mg/L 0.001 0.10 0.05 1.0 <0.001 0.009 0.178 0.006 0.016 0.017 0.082 0.082 0.008 0.02 0.066 0.078 0.057 0.021 0.025 0.019 0.01 0.022 0.014
Copper mg/L | 0.001 0.0014 5.0 0.2 0.5-5% 0.002 0.001 0.034 0.006 0.018 0.016 0.08 0.076 0.012 0.046 0.092 0.107 0.077 0.042 0.043 0.019 0.008 0.019 0.01
Lead mg/L 0.001 0.0034 5.0 2.0 0.1 <0.001 0.001 0.02 0.004 0.011 0.007 0.037 0.036 0.006 0.022 0.078 0.096 0.064 0.031 0.035 0.017 0.009 0.018 0.011
Manganese mg/L 0.001 1.9 10.0 0.2 -
Mercury mg/L | 0.0001 0.0006 0.002 0.002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Molybdenum mg/L 0.001 - 0.05 0.01 0.15 <0.001 0.002 0.002 0.001 <0.001 0.003 0.002 <0.001 0.002 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Nickel mg/L 0.001 0.011 2.0 0.2 1 <0.001 0.004 0.059 0.005 0.011 0.011 0.057 0.049 0.009 0.031 0.057 0.072 0.05 0.023 0.025 0.012 0.007 0.015 0.008
mg/L 0.01 Tost:lll;,(_’;:)ll 0.05 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Strontium mg/L | 0.001 = = 0.85 2.63 101 4.16 4.37 5.67 5.65 5.65 53 5.52 103 9.36 9.33 5.22 5.53 7.26 7.21 417 5.32
Vanadium mg/L 0.01 - 0.5 0.1 - <0.01 <0.01 <0.01 0.02 0.04 0.04 0.15 0.14 0.02 0.08 0.26 0.26 0.24 0.1 0.11 0.07 0.04 0.06 0.04
Zinc mg/L 0.005 0.008 2.0 2.0 20 0.007 0.007 0.277 0.03 0.073 0.057 0.281 0.258 0.043 0.157 0.354 0.437 0.314 0.112 0.103 0.093 0.05 0.086 0.049
Boron mg/L 0.05 0.37 R?fer.to 0.5 5.0 0.06 0.08 0.07 0.08 0.07 0.1 0.06 <0.05 0.05 0.05 0.08 <0.05 <0.05 0.11 0.1 0.07 0.06 0.09 0.09
guideline
Iron mg/L 0.05 - 10.0 0.2 - 6.28 1.44 1.99 8 15.5 16.9 88.3 81 8.13 35.5 173 156 138 73.1 74.4 55.2 31.5 47.3 26.4
Key # Limit of Reporting
a NHMRC Health Guidelines for Drinking Water (2015)
b |NHMRC Aesthetic Guidelines for Drinking Water (2015)
m TOC [metres below top of casing
1 |Exceeds the ANZECC (2000) Long Term Irrigation Water Guidelines
2 Exceeds the ANZECC (2000) Stock Water Guidelines
3 |Exceeds the NHMRC (2011) Drinking Water Guidelines
concentration at which good condition might be expected, with 13,000 mg/L for sheep,
* 5,000 mg/L for beef cattle, 4,000 mg/L for dairy cattle, 6,000 mg/L for horses and 3,000 mg/L
for pigs and poultry.
b concentrations of copper for sheep is 0.5 mg/L, 1 mg/L for cattle and 5 mg/L for pigs & poultry.
+ NHMRC acid-soluable aluminium concentrations (2015)
No value.
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G1G74C

Groundwater Quality Results

Parameter Units LOR* ANZECC GUIDELINES NHMRC
Sample Location Fresh Water
Bore ID Aquatic Shortterm | LongTerm | g0y BC-SP14 BC-SP14 BC-SP21 BC-SP22 BC-SP22 BC-SP22 DAM 17 GA2 GA2 GA2 GNP10 Pool [ GNP10D GNP10S | GNP11 Pool | GNP11D GNP11S | GNP2Pool | GNP9D GNP9S | M49 BORE
Date Sampled (95th) i B 17-05-18 13-04-18 13-04-18 01-09-17 17-05-18 13-04-18 30-08-17 18-08-17 17-05-18 13-04-18 28-06-18 17-05-18 17-05-18 28-06-18 17-05-18 17-05-18 28-06-18 17-05-18 17-05-18 30-08-17
Lithology
Physical Parameters
pH pH Units 0.1 6.5 -8.5 6.0 -8.5 6.0 -8.5 - 7.44 7.66 7.65 7.8 7.55 7.69 8.4 7.2 7.29 7.47 7.86 7.57 7.41 7.35 7.43 7.23 7.93 7.52 8.1
Electrical conductivity uS/cm 1 120 -300 = = 2500 3550 7820 17800 19000 20700 5510 3220 3210 3580 1720 983 1580 1300 2500 1200 1260 1270 1850 5330
Sodium Absorption Ration (SAR) - 0.01 - - 9.97 11.2 26.6 43.9 42.3 46.3 26.1 12.4 119 12 1.69 3.85 4.48 3.8 6.38 4.52 323
Total Dissolved Solids (calc) mg/L 1.00 - 3000 - 13000*
Total Hardness as CaCO3 mg/L 1.00 - - 156
Hydroxide Alkalinity as CaCO3 mg/L 1.00 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 31 <1 <1
Carbonate Alkalinity as CaCO3 mg/L 1.00 - - <1 <1 <1 <1 <1 <1 63.00 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 16 <1 <1
Bicarbonate Alkalinity as CaCO3 mg/L 1.00 s = 375 425 750 964.00 1080 1110 1120.00 308.00 335 346 221 302 247 208 226 224 183 <1 310 1330.00
Total Alkalinity as CaCO3 mg/L 1.00 - - 375 425 750 964.00 1080 1110 1190.00 308.00 335 346 221 302 247 208 226 224 183 47 310 1330.00
Major Ions
Sulfate as SO4 - Turbidimetric mg/L 1 - 1000 -2000 81 105 36 199 151 113 112 144 156 228 170
Chloride mg/L 1 40 o 634 851 1820 5450 6210 5840 796 668 724 705 308 151 300 226 682 235 232 276 343 787
Fluoride mg/L 0.1 2.0 1.0 2 0.6 0.6 1 1.2 1.4 1.6 1 0.4 0.3 0.4 0.2 0.3 0.2 0.2 <0.1 0.4 12
Calcium mg/L 1 - 1000 39 48 49 70 67 79 37 66 66 84 79 80 75 58 116 59 59 59 94 37
i mg/L 1 - - 63 68 89 288 267 286 56 47 48 59 48 30 42 34 67 36 30 2 51 39
Sodium mg/L. 1 2 = 70 168 142|245 | 150 a3 | 183 | =219 | 1180 |
P i mg/L 1 ° ° 7 10 5 22 20 24 8 4 4 4 3 2 3 3 4 3 2 8 4 7
Total Anions megq/L 0.01 = - 27.1 34.7 73.6 188 213 204 52.9 325 34.2 34.8 18.7 11 17.5 13.7 26.1 13.4 13.2 12 20.6 52.3
Total Cations meq/L 0.01 - - 26.1 30.7 68.6 190 176 200 53.6 30.8 30 34.8 16.3 9.56 14.6 119 22.1 12.5 11.7 113 18.5 56.6
Ionic Balance % 0.01 = = 1.73 6.03 3.54 0.41 9.39 0.91 0.66 2.58 6.68 0.07 6.83 7.21 9.2 6.75 8.4 3.58 6.09 3.01 5.37 3.9
Nutrients
[Ammonia as N mg/L 0.01 0.9 - - 0.33 0.23 0.32 0.06 0.04 0.03 <0.01 0.09 0.02 0.03 0.04 0.05 0.02
Nitrite as N mg/L 0.01 = 30 <0.01 0.05 0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate as N mg/L 0.01 0.7 ° = 0.02 <0.01 0.05 0.07 0.03 0.16 0.96 0.33 0.15 0.13 0.02 <0.01 0.22 0.02 0.02 0.03 0.01 <0.01 0.04 0.1
Nitrite + Nitrate as N mg/L 0.01 - 400 0.02 0.05 0.06 0.07 0.03 0.16 0.99 0.33 0.15 0.13 0.3 <0.01 0.22 0.3 0.02 0.03 0.2 <0.01 0.04 0.1
Total Kjeldahl Nitrogen as N mg/L 0.1 c - 1.3 2.5 3 6.3 1.4 2 0.9 0.1 0.2 <0.1 0.3 0.1 0.7 0.3 0.2 2.1 0.2 0.1 0.2 2.3
Total Nitrogen as N mg/L 0.1 25-125 5 - 13 2.6 3.1 6.4 1.4 2.2 1.9 0.4 0.4 0.1 0.03 0.1 0.9 0.03 0.2 2.1 0.12 0.1 0.2 2.4
Total Phosphorus as P mg/L 0.01 08-12 0.05 - 0.47 0.96 112 0.92 0.7 1.56 <0.01 0.05 0.04 0.02 0.02 0.29 0.03 2.27 0.02 0.14 0.02
Reactive Phosphorus as P mg/L 0.01 - 0.01 0.02 0.02 0.13 0.19 0.18 <0.01 0.04 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Metals
A ini mg/L 0.01 0.055 5 5 28.2 47.3 66.4 8.7 17 38.6 0.08 0.58 0.53 0.2 <0.001 0.29 19.3 <0.001 1.07 92.3 <0.001 0.53 2.38 <0.01
Arsenic mg/L 0.001 AASS(:‘I,I)):’)::; 2.0 0.1 0.5 0.009 0.005 0.006 0.002 0.001 <0.001 <0.001 <0.001 0.005 0.004 <0.001 <0.001 <0.001
Beryllium mg/L 0.001 0.5 0.1 o 0.002 0.003 0.003 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001
Barium mg/L 0.001 - - 0.318 0.378 0.961 0.213 0.258 0.389 0.197 0.048 0.053 0.048 <0.0001 0.351 0.188 <0.0001 0.25 1.18 <0.0001 0.233 0.101 0.159
Cadmium mg/L | 0.0001 0.0002 0.05 0.01 0.01 <0.0001 0.0002 0.0001 0.0006 <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.001 <0.0001 <0.0001 <0.001 <0.0001 0.0002 <0.001 <0.0001 <0.0001 <0.0001
Chromium mg/L | 0.001 Crc(;']')' cooa| 10 01 1.0 0.025 0.044 0.068 0.01 0.02 0.054 <0.001 <0.001 0.001 <0.001 0.001 0014 0.002 0.059 0.01 0.004 <0.001
Cobalt mg/L 0.001 0.10 0.05 1.0 0.024 0.036 0.039 0.012 0.012 0.041 <0.001 0.001 0.002 0.001 0.001 <0.001 0.004 <0.001 0.002 0.07 0.003 <0.001 0.004 <0.001
Copper mg/L 0.001 0.0014 5.0 0.2 0.5-5" 0.03 0.047 0.041 0.014 0.021 0.063 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 0.002 0.053 <0.001 <0.001 0.002 <0.001
Lead mg/L 0.001 0.0034 5.0 2.0 0.1 0.024 0.041 0.038 0.007 0.013 0.042 <0.001 0.002 <0.001 <0.001 <0.001 0.008 0.001 0.066 <0.001 0.002 <0.001
Manganese mg/L 0.001 1.9 10.0 0.2 o 0.039 0.087 0.079 <0.0001 0.046 <0.0001 <0.0001 0.019 0.016
Mercury mg/L | 0.0001 0.0006 0.002 0.002 0.002 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001
Molybdenum mg/L 0.001 = 0.05 0.01 0.15 <0.001 <0.001 0.002 0.002 0.002 0.001 0.006 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 0.004 0.002 <0.001
Nickel mg/L 0.001 0.011 2.0 0.2 1 0.023 0.039 0.035 0.011 0.017 0.04 0.001 <0.001 <0.001 <0.001 0.001 0.007 0.004 0.067 0.002 0.005 <0.001
leni mg/L 0.01 Tu;::l;,‘-)'lonll 0.05 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Strontium mg/L 0.001 - - 2.01 1.88 2.22 6.87 5.68 5.92 3.63 1.24 13 13 112 0.863 2.42 1.03 1.29 1.03 3.01
Vanadium mg/L 0.01 = 0.5 0.1 - 0.06 0.12 0.13 0.03 0.06 0.15 <0.01 <0.01 <0.01 <0.01 <0.005 <0.01 0.03 <0.005 <0.01 0.17 0.02 <0.01 <0.01 <0.01
Zinc mg/L 0.005 0.008 2.0 2.0 20 0.33 0.55 0.37 0.096 0.078 0.217 <0.005 0.009 0.005 <0.005 0.022 0.086 0.119 0.55 0.021 0.204 <0.005
Boron mg/l | 0.05 0.37 Refer to 05 5.0 0.09 0.09 0.08 0.08 0.05 0.05 017 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 0.05 <0.05 0.06 0.15
guideline
Iron mg/L 0.05 = 10.0 0.2 - 36.6 66 78.8 14.3 25.1 68.7 0.1 0.88 1.05 0.5 0.61 18.7 1.52 104 0.64 4.57 <0.05
Key # Limit of Reporting
a NHMRC Health Guidelines for Drinking Water (2015)
NHMRC Aesthetic Guidelines for Drinking Water (2015)
m TOC [metres below top of casing
1 Exceeds the ANZECC (2000) Long Term Irrigation Water Guidelines
2 Exceeds the ANZECC (2000) Stock Water Guidelines
3 Exceeds the NHMRC (2011) Drinking Water Guidelines
Maximum concentration at which good condition might be expected, with 13,000 mg/L for sheep,
* 5,000 mg/L for beef cattle, 4,000 mg/L for dairy cattle, 6,000 mg/L for horses and 3,000 mg/L
for pigs and poultry.
» Maximum concentrations of copper for sheep is 0.5 mg/L, 1 mg/L for cattle and 5 mg/L for pigs & poultry.
+ NHMRC acid-soluable aluminium concentrations (2015)
- No value.
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5.9 Groundwater use

5.9.1 Private water users

A search of the NSW State government groundwater bore database was conducted to identify the
locations of any water supply bores in proximity to the Project. Figure 5-25 shows the locations of bores
within the database and land parcels that are non mine-owned. The figure shows there are two bores
from the database that are located on private property along Bowmans Creek which is part of the Jerrys
Water Source. Both bores are on land which is managed by Daracon. This land is not presently used for
agricultural or residential purposes.

The remainder of the private bores recorded in the NSW State government groundwater bore database
are relatively distant from the Glendell Pit Extension, or are located on land owned by mining companies
and are used for monitoring the impact of mining, or are former water bores or wells no longer in use.
Table 5-4 summarises the details within the NSW government database for the two registered bores
located on private land in proximity to the Project.

Table 5-4  Registered bores on private lands

Casing .
Registered Authorised/intended Date Depth | Casing | outside St;l;;i;lg Yield
number purpose (m) type dia (L/sec)
level (m)
(mm)
GW0788054 Stock and domestic unknown  16.2 steel 168 6.9 1.12
GW046787 Domestic unknown 6.2 well 1200 - -

As can be seen from Table 5-4, the yield recorded for GW0788054 indicates that it is located on a less
productive groundwater source.
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5.9.2 Groundwater dependent ecosystems

Macfarlane et al (2016) provides a register of water-dependent assets in the Hunter subregion prepared
as a component of the Commonwealth Governments Bioregional Assessments Process. Water
dependent assets are classified into three subgroups and seven classes. All landscape features such as
aquifers, rivers, lagoons, lakes, springs and wetlands, and the habitats dependent on them,
are inherently water dependent; hence, all assets in the subgroups ‘Surface water feature’
and ‘Groundwater feature (subsurface)’ are included in the water-dependent asset register.
Figures within the register indicate the Hunter River alluvium located some 7 km from the Glendell Pit
Extension is an alluvial aquifer asset, but the alluvial groundwater systems along Bowmans Creek,
Glennies Creek, Main Creek and Bettys Creek are not noted as alluvial aquifer assets.

The register indicates riverine forests on flood plains associated with Bowmans Creek and Glennies
Creek form potential GDEs. The Hunter Unregulated WSP does not indicate the presence of any high
priority GDEs along Glennies Creek and Bowmans Creek.

A review of the Bureau of Meteorology Groundwater Dependent Ecosystems Atlas (GDE Atlas) shown
on Figure 5-26 shows potential for aquatic and terrestrial GDEs to be present in the Project region.
The GDE Atlas was developed as a national dataset of Australian GDEs to inform groundwater planning
and management. The register indicates there are areas of low and high potential terrestrial
GDE interaction along Yorks Creek, Bettys Creek, Swamp Creek and Bowmans Creek. There is moderate
potential aquatic GDE along Bowmans Creek. The GDE Atlas indicates the presence of a high and low
potential terrestrial GDE occurring along Bettys Creek within the existing Glendell Pit. Vegetation has
been cleared from this area when Bettys Creek was diverted around the Glendell Pit, and therefore there
is no GDE present in this area (refer Figure 3-3).

Much of the ‘low potential GDE’ mapped in Figure 5-26 aligns with remnant terrestrial vegetation
occurring on Permian regolith outside the alluvial flood plains. Given the deeper water table outside the
floodplain it is expected these vegetation communities would be unlikely to rely on deep groundwater
(refer Umwelt 2019).

More detailed investigations were undertaken to identify the potential for groundwater dependent
ecosystems and stygofauna to occur in the Project Area and surrounds. The reader should refer to the
EIS (Umwelt 2019b), Assessment of Commonwealth Matters Report (Umwelt 2019), BDAR
(Umwelt 2019a) and the Stygofauna Assessment (Eco Logical 2019) for more information.
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5.10 Conceptual model

5.10.1 Existing groundwater regime

This section summarises the processes that control and influence the storage and movement of
groundwater in the hydrogeological systems occurring in the Glendell Pit Extension and the broader
region. It is based on geological and hydrogeological data presented in the preceding sections.

The Quaternary alluvium along Bowmans Creek forms a thin aquifer system in the Project Area and
adjacent to the Glendell Pit Extension. The Bowmans Creek alluvium is commonly less than 10 m in
thickness with the most permeable part of the sequence being the deeper ‘bed load’ sand and gavels that
readily transmit groundwater through the alluvium. Geological maps show alluvial sediments occur
along the tributaries of Bowmans Creek, Bettys Creek, Swamp Creek and Yorks Creek.
Field investigations have confirmed the alluvium occurring along these tributaries is thin, clayey and
contains saline groundwater, meaning these tributaries do not form aquifers.

The Permian coal measures form less productive groundwater systems, when compared to the
Bowmans Creek alluvium, with the coal seams being the most permeable lithology within the Permian
sequences. The Project is situated along the hinge of an anticline structure with the sequence of coal
seams dipping from the hinge axis towards the east and west where adjacent mining operations extract
coal via open cut and underground methods. The Permian strata does not form a highly productive
aquifer because of generally poor water quality and low yields that preclude any beneficial use.

The Bowmans Creek alluvium is the only geological strata in the region that has the potential to
sometimes meet the NSW government criteria to be classified as a “highly productive” groundwater
source, which requires TDS concentrations less than 1,500 mg/L and contain water supply works that
can yield water at a rate greater than 5 L/s. All other formations are classified as ‘less productive’
including the areas of alluvial sediments occurring along Yorks Creek and Swamp Creek. All areas of
alluvium proposed to be removed by mining are considered to be ‘less productive’.

Permian sediments outcrop in the Project Area and are recharged via rainfall infiltrating through the
soil cover and weathered Permian profile. Groundwater flows from areas of high head (pressure plus
elevation) to low head via the most permeable and transmissive pathways. The groundwater flow path
and discharge zone for the Permian groundwater system is influenced by the land use activities in the
region. In the absence of mining activities, the main discharge mechanism for groundwater within the
Permian strata is through slow upward flow to Quaternary alluvium deposited along creeks, particularly
Bowmans Creek. Groundwater monitoring from the Project Area and surrounds shows that approved
mining activities have depressurised the Permian groundwater systems and reduced the pressure
within coal seams to the point where groundwater levels exist below the base of the Quaternary
alluvium. This means the main discharge zone for groundwater within the Permian interburden and
coal seams has changed from the alluvial aquifer to the surrounding mining operations, either closed or
operating.

The alluvial sediments along Bowmans Creek are also recharged by rainfall, as well as by seepage of
surface water through the bed of creeks, when they are flowing, where the stream bed sediments and
the underlying groundwater levels promote this interconnectivity. The salinity of the groundwater
within the Bowmans Creek alluvium varies from fresh to slightly brackish indicating relatively high
recharge rates. The flow path within the Bowmans Creek alluvium is a reflection of the topography, with
groundwater flowing ‘downstream’ in a south-westerly direction towards the Hunter River. Unlike the
Permian strata, drawdown within the Bowmans Creek alluvium is not readily evident within available
monitoring datasets. The fact that the Bowmans Creek alluvial aquifer shows no notable drawdown in
response to the observed Permian depressurisation from open cut and underground mining indicates
the volume of groundwater moving downwards to the Permian is limited and less than recharge rates
from rainfall and streamflow that serve to buffer any losses.
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The former Liddell underground mine is situated immediately to the north of the proposed Glendell Pit
Extension and underlies the Bowmans Creek and Yorks Creek alluvium. Whilst the Permian Middle
Liddell seam remains depressurised within this mine, the lack of detectable impact on groundwater
levels within the overlying alluvium indicates the relatively low vertical permeability of the Permian
strata and the lack of significant fracturing induced by the largely bord and pillar mining operation.

Bowmans Creek meanders through the flood plain and forms a window to the underlying alluvial
aquifer. In dry periods the baseflow in Bowmans Creek is low and the creek reduces to a series of
disconnected ponds which are a reflection of the underling interconnected water table. Bowmans Creek
is therefore expected to form both a recharge and discharge zone for alluvial groundwater depending
on prevailing climate conditions and location within the flood plain. The main water dependent assets
are aquatic ecosystems within Bowmans Creek and riparian vegetation communities that potentially
depend on shallow groundwater where the water table is shallow adjacent to the creek. Two private
bores have also been identified adjacent to Bowmans Creek and the Glendell Pit Extension, and may to
be used for industrial purposes, if not already decommissioned.

The main causal pathway for potential impacts from mining on the water dependent assets is
depressurisation of the Permian strata resulting in drawdown within the Bowmans Creek alluvium.
Climatic conditions also have the potential to impact upon water dependent assets. Baseline
groundwater monitoring has shown to date that whilst the Permian strata depressurises in response to
mining this does not necessary result in a detectable impact within the adjacent alluvial water source
and at the water dependent assets. The outcome aligns with observations from the existing Glendell Pit,
that despite being located adjacent to the Bowmans Creek alluvium, does not record significant
groundwater inflows, with little sump pumping required during operations. Monitoring of the pools
along Bowmans Creek indicates that variability in climatic conditions can have a significant impact on
water dependent assets in the Project Area.

A block fault zone has been identified as crossing the Glendell Pit Extension. Whilst the potential to
transmit groundwater through the fault has not been established it is expected to be relatively limited,
given the limited cross-sectional area of the fault zone and the potential for the fault gouge sediment to
retard groundwater flow. Observations of the block fault zone exposed within approved open cut mining
areas do not suggest it is a source of significant groundwater ingress. An alternative conceptualisation
is the block fault zone allows enhanced transmission of groundwater. Middlemis and Peeters (2018)
indicate sources of uncertainty affecting groundwater models can be grouped as follows:

e structural/conceptual - geological  structure and hydrogeological conceptualisation
assumptions applied to derive a simplified view of a complex hydrogeological reality
(any system aspect that cannot be changed in an automated way in a model);

e parameterisation — hydrogeological property values and assumptions applied to represent
complex reality in space and time (any system aspect that can be changed in an automated way
in a model via parameterisation);

e measurementerror - combination of uncertainties associated with the measurement of complex
system states (heads, discharges), parameters and variability (3D spatial and temporal) with
those induced by upscaling or downscaling (site-specific data, climate data); and

e scenario uncertainties - guessing future stresses, dynamics and boundary condition changes
(e.g. mining, climate variability, land and water use change).

Conceptual models always have some uncertainty regarding geology and structure as this cannot be
seen but only inferred through drilling and modelling. The Project is unique in that the significant
history of mining in the area means the geology has been investigated for a long period of time, and also
is visually evident in the open cut mining areas. Exploration drilling within the Project Area has been
undertaken at a 500 to 600 m spacing. For this reason, it is considered the surfaces for the key
hydrostratigraphic units have a relatively low level of residual uncertainty compared to less developed
or greenfield areas.
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There is also residual uncertainty remaining around the behaviour of faults particularly the block fault
zone that geological models indicate passes through the Glendell Pit Extension. Investigating the
hydrogeological properties of faults through field investigations is challenging and therefore the
influence of this uncertainty is investigated through numerical modelling.

Hydrogeological parameters (hydraulic conductivity and storage) assigned to the key geological units
also have some residual uncertainty, however, due to the significant mining development within the
Project region there is significant testing data, and previous numerical modelling efforts available to
define appropriate ranges for hydrogeological parameters. Direct observations in mining areas coupled
with observations of how the groundwater systems respond to the stresses induced by mining provide
observations and data than can be used to identify ranges for hydraulic parameters.

Measurement error is inherent in all hydrogeological datasets. A key dataset utilised for the study is
groundwater level measurements. Where groundwater monitoring bores are appropriately constructed
and sealed within the target aquifer, the elevation of bore is accurately surveyed and water level
measurement is via modern electronic water level meters it is considered the measurement error is
relatively low, potentially less than 0.1 m. This is considered the case with the bulk of the available
network which has been specifically constructed for groundwater monitoring. There is also an extended
period of baseline monitoring available since 2012 which also enables the verification of results by
comparison between different bores.

VWPs are also utilised in deeper coal seams to indicate depressurisation of coal measures.
The groundwater elevations provided by the VWPs are potentially less certain than the stand pipe
monitoring bores as they are grouted into boreholes and cannot be validated, or instrument drift
detected. Despite these limitations the VWPs are considered an extremely valuable tool for developing
conceptual models, when the limitations of the data provided is acknowledged. A nominal accuracy
range of = 10 m is considered appropriate to apply to VWPs.

Error in the measurement of groundwater inflow to mining areas is also considered significant.
Groundwater entering open cut mining areas is commonly difficult to separate from sources of surface
water runoff that all reports to the same sumps in the mining areas. Groundwater is also readily
evaporated from mine faces or remains bound by capillary action to spoil and coal materials and
therefore particularly where inflows are low, never flows to sumps for pumping where its volume can
be measured. These inherent challenges in measuring groundwater inflow to mining areas means there
is always some residual uncertainty associated with measurements of groundwater inflow to mining
areas. This uncertainty cannot be practically reduced in many cases. Despite this inherent uncertainty
observations from the existing Glendell Pit and Mount Owen mine show very limited ‘free flowing’
inflows, with little water reporting to pit sumps, and most evaporating directly from the pit face or
adhering to lower strata material. These observations provide guidance on likely outcomes for the
Glendell Pit Extension given it is proposed in the same geological and hydrogeological setting.
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6  Numerical groundwater model

6.1 Previous model

Rust PPK conducted the first groundwater investigation at Glendell Mine in 1996 as part of the
Statement of Environmental Effects for a modification to the Glendell Consent. The groundwater study
included drilling, permeability testing (slug tests, pumping and injection tests and packer tests),
groundwater monitoring and numerical groundwater modelling to simulate the groundwater flow and
to estimate rates of seepage. The numerical groundwater model was used to simulate pit inflows and
depressurisation over the 20-year mine development. The pit footprint assessed using the model was
slightly larger proposing to mine more of Swamp Creek than ultimately approved. The modelling
included two simulation scenarios; 1) pit seepage with leakage from the overlying alluvium and 2) pit
seepage without leakage from the overlying alluvium. The model results included a prediction of net
change in the alluvium leakage balance and potential drawdown impacts to local bores. It was noted
that potential drawdown impacts were dependent on the recharge rates applied to the alluvium.

Modelled estimates of pit seepage into the Glendell Pit with no alluvium seepage to the mining area were
approximately 1.3 ML/day, while modelled pit seepage which included leakage from the alluvium
ranged from zero to 6 ML/day after 20 years of mining. Operational experience has indicated the
seepage rates predicted by the modelling were conservative with actual inflow, whilst difficult to
measure, expected to be less than 1 ML/day. The modelling indicated the coal seams would be
depressurised to a distance in excess of one kilometre in all lateral directions. Leakage from the alluvium
was determined to be limited to within 500 m of the pit workings, with the alluvium providing recharge
to the underlying strata. Whilst provided by a relatively simplistic model, monitoring has shown these
historical predictions were reasonable.

Because Glendell is surrounded by numerous other mining operations there have been more recent
groundwater models developed to assess the impacts of adjacent operations that also cover Glendell to
represent cumulative impacts. The most recent is the model developed to assess the impact of Mount
Owen Continued Operations Project Modification 2 (AGE, 2018). The model covers the land where the
Glendell Pit Extension is proposed, and represents the operating Glendell Mine and other mines
including approved operations at Mount Owen, Integra Underground, Rix’s Creek South/Rix's Creek
North, Ravensworth East, Ravensworth Operations, Liddell Coal Operations, Ashton Open
Cut/Underground, and Hunter Valley Operations (HVO) North Mine. Although the model does not
simulate the Glendell Pit Extension, the predicted cumulative impacts cover the surrounding mine area
and provide an indication of impacts from approved mining.

The Mount Owen Continued Operations Project Modification 2 model indicated a maximum of 0.5 m of
drawdown within the Swamp Creek alluvium and around 0.2 m in the centre of the drainage due to
cumulative impacts at closure of the Mount Owen Mine. Drawdown within Bowmans Creek alluvium
generated by the cumulative impact of mining was estimated to be around 0.2 m. The limited drawdown
predicted by the numerical model generally aligns with the lack of observed drawdown within alluvial
groundwater systems surrounding Glendell Mine.

6.2 Overview of groundwater modelling

A 3D numerical groundwater flow model was developed for the Project using MODFLOW-USG.
A detailed description of the modelling logic is provided in Appendix B. The model represents the key
geological units as 21 layers extending approximately 22 km wide (west to east direction) and 20.5 km
long (north to south direction). It comprises up to 51,132 cells per layer, making it spatially a large
model (Figure 6-1).
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The prevalence of mining in the region means there have been many previous groundwater modelling
efforts. The numerical model developed for the Project was built upon an existing large regional model
first developed by Mackie Environmental Research (MER), then updated by Jacobs as described in
Jacobs (2014), and finally updated by AGE for modifications at Integra Underground and Mount Owen
North Pit (AGE 2017, 2018). This approach was undertaken to, as far as possible, create consistency
with previous work, and also to continue to build upon the regional flow model to represent the
cumulative impacts of mining in the Glendell Pit Extension and the surrounding region. The model was
updated as follows:

development of new MODFLOW USG model mesh and layers;
updating water level monitoring dataset;
adjusting coal seam levels based on updated geological models;

updating the thickness and extent of the Quaternary alluvium based on further field
investigations described in Appendix A;

recalibrating model to water level records and mine inflows;

inclusion of heterogeneity of aquifer and recharge parameters using pilot points;
using a parent/surrogate approach to calibrate the model;

updating progression of approved and proposed mining; and

predicting impacts on groundwater regime for the Project.
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Appendix B describes the evolution of the regional model over time and the changes made to quantify
the impact of the Project. The model was used to identify the influence of the Project on the groundwater
regime by comparing the impacts generated by the approved and proposed mine plans.
Current approved and proposed (i.e. those for which an EIS has been submitted for assessment but not
yet approved) mine plans within the region were included in order to account for cumulative impacts.
Further details about how mining within the region was represented in the model are included in
Appendix B.

The model was calibrated using available groundwater level measurements from bores within the
model domain that were considered reliable. As noted previously there is no measured groundwater
inflow to the existing Glendell Pit as the low seepage is not pumpable and is readily removed by
evaporation or bound to mined materials. Therefore, the volume of groundwater pumped from Integra
Underground that has been recorded with a flow meter was used to guide the calibration of the model
to mine inflows. A detailed description of the calibration procedure is provided in Appendix B.
The objective of the calibration was to replicate the groundwater levels measured in the monitoring
network, and the mine inflows in accordance with Australian Groundwater Modelling Guidelines
(Barnett et al. 2012). The transient calibration achieved a 4.7% scaled root mean square (SRMS) error,
which is well within acceptable limits (i.e. <10%), recommended by the Australian Groundwater
Modelling Guidelines (Barnett et al. 2012). More importantly the model was able to replicate the
observed depressurisation of the Permian occurring under the Bowmans Creek alluvium, whilst
maintaining saturation within the alluvial aquifer.

Following calibration, the model was used to estimate changes in the alluvial water table and the
Permian groundwater pressure (drawdown), as well as the amount of groundwater intercepted by the
Project, in accordance with the proposed mine plans. The influence of the Project on the groundwater
regime was estimated by comparing the impacts predicted by the numerical model for the approved
and proposed mine plans. Three model scenarios were run, and their results compared as follows:

1. No Glendell - this scenario included approved and foreseeable operations within the region,
but no approved or proposed mining at Glendell Mine;

2. Approved - included the currently Approved Operations at Glendell Mine and approved and
foreseeable operations within the region; and

3. Approved + Project - included approved and foreseeable operations as well as the proposed
continuation of Glendell Mine.

Scenario 3 when examined provides an indication of the cumulative impacts from all approved and
proposed mining in the model domain. The influence of the Project on the groundwater regime was
determined by comparing the difference between the above model scenario 1 and scenario 2.

Commencement of mining at Glendell coincided with the commencement of the Hunter Unregulated
WSP in 2009. The purpose of the Scenario 1 was to allow the volume of water taken from each water
source and the drawdown since the WSP commenced to be estimated. This was achieved by comparing
the water level predictions between Scenario 1 and Scenario 3.

The groundwater inflow from the North Coast Fractured and Porous Rock WSP to the Glendell Pit
Extension was not calculated relative to the start of the WSP in 2016, and therefore represents a total
water take, including previously approved mining impacts. This is likely to overstate the volume of
licensable take from the North Coast Fractured and Porous Rock WSP due to the Project.

The uncertainty of the final model predictions resulting from initial uncertainty in the assumptions and
input parameters was analysed. The analysis focussed on varying model parameters and design features
that had the most influence on model predictions. The model parameters were adjusted to encompass
the expected range of uncertainty. Appendix B provides a detailed discussion of the uncertainty analyses
and Section 7 describes the groundwater model predictions.
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Peer review

An external peer review was conducted by Dr Noel Merrick of HydroAlgorithmics, who has over
40 years of experience in hydrogeological investigations and groundwater modelling. The review was
undertaken in accordance with the Australian Groundwater Modelling Guidelines (Barnett et al. 2012)
and included input and involvement from Dr Merrick over the three main stages of numerical
groundwater modelling as follows:

e conceptualisation and model updates;
e model calibration; and

e model predictions/uncertainty.

The peer review report prepared by HydroAlgorithmics is included within Appendix F.
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7 Model predictions and impact assessment

This section describes the numerical model predictions and impacts of the Project including the:
e groundwater directly intercepted by mining from the Permian coal measures (Section 7.2);

e drawdown in groundwater levels in the Quaternary alluvium and Permian coal measures
(Section7.2.2);

e change in alluvial and baseflow availability (Section 7.2.4);
e impact on private bores (Section 7.2.5);

e drawdown impact to potential GDEs (Section 7.2.6);

e cumulative impacts (Section 7.2.8); and

e post closure impacts (Section 7.3).

7.1 Impact of blasting on aquifer properties

Enviro Strata Consulting Pty Ltd (ESC 2019) assessed the potential for blasting to impact on the integrity
of rock strata between Bowmans Creek and the Glendell Pit Extension. The assessment included
areview of geological logs in the Project Area and rock strength testing data. The review indicated the
Glendell Pit Extension is characterised by moderately strong to strong rock types with majority being
above 30 MPa, which is a typical concrete strength value. The review indicated cracks are not readily
transmitted through strong strata with a strength over 30 MPa and concluded the strata are resistant to
fracturing induced by the adjacent open cut blasting. It is anticipated that increased permeability is
limited to less than 30 m from the external blast face.

7.2 Operation stage groundwater predictions

7.2.1 Groundwater directly intercepted by mining

Figure 7-1 and Table 7-1 show the total inflow of groundwater to the drain cells within the model which
represents the water intercepted from the Permian coal measures within the actively mined area of the
Project. The table and figure show the volume of groundwater intercepted by the Approved Operations
and the Project combined, and the proportion attributable to the mining within the extended footprint
associated with the Project only.

For reference, the groundwater model simulates initial Project ground disturbance in 2020, with the
first production of coal from the Barrett seam in 2021 (Year 1). Figure 7-1 shows the influence of the
Project changes over the life of the Project with the volume of groundwater intercepted by mining
increasing over time as the footprint of the Project increases and advances away from the Approved
Operations.

The volume of groundwater intercepted from the Permian coal measures due to the combined effect of
the Approved Operations and Project peaks in Year 17 at 249 ML. Section 7.2.8 provides information on
water licences required to account for groundwater intercepted by the Approved Operations and the
Project. Permian groundwater inflows for the Mount Owen Complex (Glendell, Ravensworth East and
Mount Owen) reaches a peak of 552 ML in Year 12.
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Figure 7-1 Groundwater intercepted from Permian coal measures

Table 7-1  Groundwater intercepted from Permian coal measures

Predicted inflow (ML /year)

$ZZLeCt Ogggr:i):s;l& Project only Ravensworth | Mount Owen O'IV‘Voet:ICI\::::;)I]l;X
Project
1 70 6 125 217 412
2 56 9 55 326 437
3 39 10 29 312 380
4 91 62 0 296 387
5 120 120 0 361 481
6 159 159 0 295 454
7 115 115 0 216 331
8 101 101 0 116 217
9 107 107 0 101 208
10 107 107 0 135 242
11 114 114 0 134 248
12 118 118 0 434 552
13 147 147 0 362 509
14 147 147 0 285 432
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Predicted inflow (ML /year)

szgi'ect Approved Project only Ravensworth | Mount Owen Total Mount
Operations & Owen Complex
Project
15 179 179 0 177 356
16 232 232 0 80 312
17 249 249 0 31 280
18 146 146 0 26 172
19 129 129 0 0 129
20 154 154 0 0 154
21 178 178 0 0 178
22 53 53 0 0 53
23 45 45 0 0 45
24 58 58 0 0 58
25 38 38 0 0 38

7.2.2 Drawdown and depressurisation during mining operations

Figure 7-2 shows the maximum drawdown predicted by the numerical model to occur within the
Quaternary alluvium during the life of the Project. Two windows are included within the figure. The first
window shows the predicted drawdown from the Approved Operations plus the additional drawdown
generated by the Project. The second window shows the amount of drawdown contributed by the
Project only (i.e. the Glendell Pit Extension results less the Approved Operations impact predictions).
The drawdown within the Quaternary alluvium is calculated from the commencement of the Hunter
Unregulated WSP in 2009.

Figure 7-3 shows how the saturated thickness of the Bowmans Creek alluvial aquifer changes over the
Projectlife due to cumulative impacts of approved mining, including the Project (i.e. Approved + Project
modelling scenario). Figure 7-4 shows the level of saturation in the alluvium for the ‘No Glendell’ model
scenario at various stages of the Project life to identify the relative contribution of the Approved
Operations and Project to any predicted changes in saturation.

Figure 7-5 shows the maximum drawdown predicted to occur within the Middle Liddell seam during
the life of the Project. The Middle Liddell seam was chosen as it is intercepted at all mining operations
surrounding the Glendell Pit Extension. Two windows are included within the figure. The first window
shows the predicted drawdown from the Approved Operations plus the additional drawdown generated
by the Project. The second window shows the amount of drawdown contributed by the Project only
(i.e. the Glendell Pit Extension results less the Approved Operations impact predictions).
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The numerical model predicts several zones of drawdown less than 1 m occurring within the Bowmans
Creek alluvium due to the Approved Operations plus the Project during the life of the Project. The zone
of drawdown is relatively limited because the average rainfall recharge rate calibrated for the alluvium
exceeds the losses induced by mining and therefore buffers the drawdown generated by the model.
This aligns with current monitoring results that have not detected significant drawdown within the
Bowmans Creek alluvial systems (refer to Section 5.5) outside the range of climatic fluctuations that can
be attributed to mining. The model predictions indicate that the maximum drawdown of less than 1 m
is relatively limited when compared with the climatic fluctuations that have recorded water level
changes between 1 m and 4 m within the Bowmans Creek alluvium.

The potential for impact within the Quaternary alluvium depends on the changes in saturated thickness
within the alluvial aquifer. Figure 7-3 shows the change in saturated thickness at intervals through the
life of the Project due to the combined influence of the Approved Operations and the Project. The figure
shows that there is commonly between 2 to 5 m of saturated thickness within the Bowmans Creek
alluvium adjacent to the Approved Operations and Project. The changes predicted to occur in the
saturated thickness are a function of the cumulative impacts generated by the surrounding approved
mining and the Project where there is potential for the alluvium to become unsaturated due to already
approved cumulative impacts from surrounding mines.

In Figure 7-3 the alluvium remains saturated adjacent to the Project, with the exception of an area to the
west. As can be seen from Figure 7-4, the area of desaturated alluvium is predicted to arise as a
result of the cumulative impacts of other mines irrespective of any contribution from Glendell
(Approved Operations or the Project). A comparison between Figure 7-3 and Figure 7-4 indicates that
the Project will have a negligible impact on the extent of saturation during the operational period.
The predicted drawdown associated with the Project shown in Figure 7-2 does not appear to have any
noticeable effect on the extent of desaturation within the alluvium during the operational period
modelled.

There are multiple coal seams intersected by the mining operations associated with the Project. As noted
above the drawdown predicted for the Middle Liddell seam was examined as this seam is being actively
mined at the adjacent Ravensworth Operations, Integra Underground, Mount Owen, Liddell Coal
Operations and Ashton Coal Mine and therefore is subject to significant cumulative impacts.

Figure 7-5 shows the maximum zone of depressurisation within the Middle Liddell seam generated by
the Approved Operations and Project, and the contribution of the Project only. The two windows
illustrate that the drawdown north of the Approved Operations where mining has not occurred is largely
attributable to the Project as would be expected. Of interest is the drawdown within the Middle Liddell
seam generated by the Project is not extensive as the seam is already depressurised at surrounding
mining operations.

Whilst the modelling indicates the Middle Liddell seam will be depressurised by the Project, it is
important to note this coal seam is deep, contains poor quality groundwater and therefore does not form
aresource with any environmental value.
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7.2.3 Cumulative drawdown and depressurisation during mining

Approved coal mines within the region operate below the water table in relatively close proximity to
the Approved Operations and therefore create a cumulative impact where the zones of drawdown
overlap. No coal seam gas extraction projects are currently in operation or proposed in the vicinity of
the Project based on publicly available information.

The numerical groundwater model was used to assess the cumulative drawdown generated where
zones of drawdown from other mines overlap. The surrounding mines included Integra Underground,
Rix’s Creek South/Rix's Creek North, Ravensworth East, Mount Owen, Ravensworth Operations, Liddell
Coal Operations, Ashton Coal Mine and HVO North Mine.

The simulation of mining at these sites using the numerical model was based on the AGE (2018) version
of the numerical model which was updated to assess Mount Owen Continued Operations Project
Modification 2. The progression of mining at Ravensworth Operations was updated based on
information provided by Glencore.

Figure 7-6 and Figure 7-7 show the maximum zone of cumulative drawdown for the Quaternary
alluvium and Middle Liddell seam during the life of the Project respectively. The cumulative drawdown
is calculated assuming no mining development occurred within the region as baseline levels, and
therefore represents the potential change in groundwater levels since 1980. Figure 7-6 compares the
predicted drawdown within the Quaternary alluvium due to the influence of the Approved Operations
and the Project at Glendell, with the cumulative impact from all surrounding mining. It highlights the
cumulative impact of surrounding mining is predicted to induce up to about 2 m of drawdown within
the Bowmans Creek alluvium.

Figure 7-7 shows the Middle Liddell seam is predicted to be significantly depressurised in the region
due to the cumulative impacts of mining operations. Whilst the drawdown occurs within the Middle
Liddell seam, it is important to note this coal seam is deep, contains poor quality groundwater and
therefore does not form a resource with any environmental value.

Figure 7-8 presents modelled cumulative drawdown since the commencement of the Hunter
Unregulated WSP in 2009 to April 2019 conditions. For reference, the figure also shows cumulative
drawdown over the same period for the Middle Liddell seam. The results indicate the majority of
cumulative alluvial drawdown predicted from the commencement of the Hunter Unregulated WSP
occurred within the last 10 years.
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7.2.4 Change in alluvial and surface water flows

The model was used to determine the potential for mining to interfere with the alluvial groundwater
systems and to provide estimates of indirect ‘water take’ in accordance with the AIP. Mining will only
directly intercept alluvial aquifers where mining removes Swamp Creek and Yorks Creek. In these areas’
groundwater inflow from the alluvial sediments will occur directly into the Glendell Pit Extension where
the saturated areas of the alluvium are exposed in the mine face.

There is also a potential for indirect impact or ‘water take’ occurring as the Permian strata become
depressurised and the volume of groundwater flowing from the Permian strata to the Quaternary
alluvium progressively reduces. Whilst this alluvial groundwater does not necessarily enter the mine
workings, the volume of groundwater entering the alluvial groundwater systems is reduced by lower
pressures within the Permian strata due to mining, and this has been considered ‘water take’ that needs
to be accounted for with water licences except where negligible take occurs (AIP, 2012). The change in
alluvial water resources was determined by comparing water budgets for alluvial zones using versions
of the numerical model that contained and excluded the Project.

The peak change in flow to the Bowmans Creek Quaternary alluvium due to the Approved Operations
and the Project during the mining phase was 10 ML/year. This limited impact on flow to the alluvium is
expected because the model predicts only minimal drawdown within the alluvium. The change in flow
of groundwater to the alluvium reduces the baseflow in Bowmans Creek predicted by the model by up
to 5 ML/year. Itis important to note that a change of 5 to 10 ML /year is negligible at the catchment scale
and equivalent to approximately 0.15 to 0.3 L/sec.

Alluvium will also potentially be intercepted as part of the Hebden Road and Heavy Vehicle Access Road
construction site near the confluence of Yorks and Bowmans Creek. This is outside the footprint of the
Glendell Pit Extension and was therefore not represented in the groundwater model. The small footprint
of these works and the transient nature means these construction works are likely to have only a
localised impact if there is any interference with the water table.

7.2.5 Drawdown in private bores

Section 5.9.1 described groundwater usage in private bores in proximity to the Project. Two registered
bores on the NSW government database are located on private property to the west of the Glendell Pit
Extension and are assumed to be installed within the regolith. The AIP specifies a threshold for minimal
impact on water supply works is a drawdown of 2 m cumulatively unless make good provisions should

apply.

Figure 7-9 presents maximum groundwater drawdown at privately owned bores (GW046759 and
GWO078054). Results confirm groundwater drawdown at these locations are predicted to be less than
the AIP threshold for minimal impact on water supply works.
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Figure 7-9 Drawdown at privately owned groundwater bores

7.2.6 Impact on groundwater dependent ecosystems

As detailed under Section 5.9.2, potential GDEs have been identified occurring mainly along Bowmans
Creek. The riparian vegetation and aquatic ecosystems are considered potential GDEs.

As previously shown in Figure 7-2 the drawdown predicted to occur due to the Project is largely less
than 1 m. Figure 7-10 shows the maximum cumulative watertable drawdown due to all approved
mining operations over the life of the Project. The drawdown is only shown for areas where the water
table in Layers 1 and 2 is within 10 m below the land surface and therefore more accessible by tree
roots. The figure also shows the location of the potential GDEs identified by the BoM GDE Atlas. Figure
7-10 shows the cumulative impact from approved mining in the vicinity of the Project is more extensive
with widespread drawdown between about 0.5 to 1 m within the Bowmans Creek alluvial aquifer.

The AIP specifies ‘less than or equal to 10% cumulative variation in the water table, allowing for typical
climatic post-water sharing plan variations, 40 m from any high priority groundwater dependent
ecosystem. There are no high-priority GDEs listed in the relevant water sharing plans in the region of
the Project. The Project therefore does not exceed the minimal impact thresholds and complies with the
AIP. Further discussion on potential GDEs and impacts is provided in the Commonwealth Matters Report
prepared for the EIS (Umwelt, 2019).

7.2.7 Impact on culturally significant sites

No high priority culturally significant sites are listed in the schedules of the relevant water sharing plans.
An indigenous engraving site is located to the north-west of the Glendell Pit Extension within Bowmans
Creek. The engraving is not listed in the Hunter Unregulated WSP.
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7.2.8 Water licensing and water sharing plan rules

The AIP requires the accounting of all groundwater take, either directly or indirectly from groundwater
systems. Groundwater intercepted from the mining area is considered a direct take from the Permian
groundwater system, whilst the changes in flows occurring within the Quaternary alluvium and rivers
resulting from depressurisation of the underlying Permian strata is considered an indirect take.
This section discusses the water licences required to account for the peak direct and indirect takes of
groundwater and surface water due to the Project and the Approved Operations.

As discussed in Section 2, three WSPs apply to the aquifers and surface waters affected by the
Project - these are the WSPs for the:

o Hunter Regulated River Water Source 2016 (Hunter Regulated WSP);
e Hunter Unregulated and Alluvial Water Sources 2009 (Hunter Unregulated WSP); and

e North Coast Fractured and Porous Rock Groundwater Sources 2016. (North Coast Fractured and
Porous Rock WSP).

The Hunter Unregulated WSP is divided into water sources that are largely based on catchment
boundaries. The Project falls within the Jerrys Water Source (refer Figure 2-1). The predicted annual
groundwater volumes required to be licensed to account for the peak water take over the life of mining
for the Approved Operations and Project are summarised in Table 7-2.

Table 7-2  Groundwater licensing summary - during mining

Peak volume requiring licensing during
Water source/ mining (ML/year)

Water sharing plan management Type
zone Approved Operations .
and Project HIlEeien

North Coast Fractured Sydney Basin

and Porous Rock WSP North Coast groundwater 249 (Year 17) 249 (Year 17)
groundwater 10 (Year 12 to 25) 5 (Year 22 to 25)
Jerrys
surface water 5 (Year 22 to 25) 2 (Year 18 to 25)
Hunter Unregulated groundwater 0 0
WSP Glennies
surface water 0 0
Hunter Regulated
River Alluvium groundwater 1 (Year 17 to 24) 0
Management Zone
Hunter Regulated 3a - Glennies Creek surface water 0 0
WSP & Station Creek

surface water

The AIP requires proponents of aquifer interference activities to hold water licences at the time of the
actual or predicted take. As reported in Section 2.4, Glencore has a total entitlement of 1,160 ML/year
from the Sydney Basin North Coast Water Source under the North Coast Fractured and Porous Rock
WSP. These licences are to account for groundwater intercepted at the Mount Owen Complex. The model
predicts a maximum of 552 ML/year (Year 12) take from the Mount Owen Complex including the
Project, therefore the current entitlements held by Glencore adequately cover the take under the
North Coast Fractured and Porous Rock WSP.
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There is predicted to be a small groundwater take from Jerrys Water Source during operations. This take
is not predicted to peak until approximately Year 12 to 25. There are currently 1,246 units available for
trade within the Jerrys Water Source and transfers between surface and groundwater systems are
permitted under the trading rules. The predicted water take attributable to the Project should be able
to be readily sourced on the market prior to the predicted take occurring.

There is also predicted to be a very small take of groundwater from the Hunter Regulated River Alluvium
Water Source from the Glennies Creek alluvial aquifer peaking in Year 17 to 24. The predicted volume
is 1 ML/year which is equivalent to 0.03 L/sec and considered negligible and undetectable at
a catchment scale.

No take of groundwater from the Glennies Water Source is predicted during operations.

The Glennies Water Source and Jerrys Water Source have ‘cease to pump’ rules under the Hunter
Unregulated WSP that require “from year six of the plan, all licence holders must cease to pump when there
is either no visible inflow to, or outflow from, the pumping pool. N.B. From year six of the plan the cease to
pump condition will apply to aquifer access licences extracting from all alluvial aquifers within 40 m of an
unregulated river, except for Domestic and Stock access licences and Local Water Utilities Access licences”.

The AIP requires an assessment of the ability to comply with the rules for each water source. The above
rule pertains to direct extraction and not incidental take. Predicted take from the Jerrys Water Source
due to the activity occurs only incidentally due to depressurisation of the underlying Permian coal
measures, and not from direct extraction. This rule is therefore not applicable to the Project.

7.3 Post mining recovery conditions

Post mining conditions were also simulated using the numerical model to determine how the final void
lake associated with the Project would interact with the groundwater systems. Appendix B provides
details of the model set up and the representation of post mining conditions. The sections below
describe the post mining predictions of water levels, drawdown and changes in water quality.

7.3.1 Post closure groundwater recovery

The recovery rate and equilibrium water level within the final void lake is a function of direct rainfall to
the lake surface, rainfall runoff from the surrounding catchment and groundwater inflow through spoils,
evaporation, and undisturbed geological units. Because the groundwater flow model does not represent
rainfall runoff and is not refined enough to represent the morphology of the final void accurately,
information from a separate water balance model created by GHD (2019) was used to provide inputs to
the groundwater model. The process to determine the final void water level recovery was as follows:

o firstly, a water balance model was used to assess the rate of net surface water flow in the final
void from rainfall and runoff (minus evaporation), but excluding any input of groundwater;

o secondly the water level recovery curve predicted by the water balance model was then
represented in the groundwater model and the net rate of groundwater inflow to the final void
over time was calculated;

o thirdly the calculated groundwater inflow to the final void was entered into the water balance
model and the water level recovery curve recalculated;

o finally, the water level recovery curve was represented in the groundwater model to allow
prediction of long-term drawdown and water take.

This approach ensured consistency between the surface water and groundwater studies. The water
balance model indicated the water level within the final void will slowly recover over a period of
approximately 450 years stabilising at approximately -60 mAHD.
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Figure 7-11 shows the regional groundwater table for the ‘No Glendell’ and ‘Approved + Project’
scenarios after 450 years of recovery. The model results indicate that groundwater will gradually seep
into the void and the groundwater levels within the Permian strata will establish a new equilibrium level
in response to the changes in landforms and the consequential increase in surface water and
evaporation interactions. The final void lake water levels are predicted to be about 130 m below
pre-mining groundwater levels, indicating that the void will act as a sink in perpetuity with no escape
of contained void water.

Figure 7-12 and Figure 7-13 show the maximum zone of drawdown and saturation within the
Quaternary alluvium that is predicted to occur during the post mining recovery phase. As can be seen
by comparing Figures 7-12 and 7-13, the water table (depth of saturation) has increased in the alluvium
over this recovery period. Accordingly, the predicted drawdown associated with the Approved
Operations and the Project is relative to a recovering system with groundwater levels in the alluvium
overall being higher than existing conditions. The drawdown attributable to the Approved Operations
and the Project within the Quaternary alluvium are therefore unlikely to be detectable from seasonable
fluctuations and the recovering system. The model predicts post mining drawdown will be greater than
the maximum drawdown encountered during the operational phase. This is because drawdown in the
alluvium and hard rock systems continues to propagate post mining due to the slow re-equilibration of
the groundwater system to the presence of the final landform. In the model all the other mines that
create a cumulative impact are also represented as closed and this results in a gradual recovery in the
groundwater regime over time post mining increasing the area and thickness of saturated alluvium. So
therefore, whilst more drawdown is predicted post mining it occurs within a system which is predicted
to be less impacted due to the recovery generated by closure of the surrounding mining operations.

7.3.2 Change in alluvial and surface water flows

The model was used to determine the potential for mining to interfere with the alluvial groundwater
systems and to provide estimates of indirect ‘water take’ during the recovery period post mining.
The methodology was the same as outlined in Section 6.2 for the operational phase. The change in
alluvial water resources was determined by comparing water budgets for alluvial zones using versions
of the numerical model that contained Glendell post mining.

Figure 7-14 to Figure 7-16 below show the reduction in flow of groundwater from the Permian strata to
each alluvial water sources post mining. These graphs show the cumulative impact of all approved
mining on each water source, and the proportion attributable to the Approved Operations and the
Project. For licensing purposes, the calculated water take from each water source was normalised to
zero at the commencement of the Hunter Unregulated WSP. This removes the influence of historical
mining on the groundwater regime.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment — Glendell Continued Operations Project (G1874C) | 110



200

_

co

()
L

Peak Glendell water take
during operations
(1 ML/year)

=

S (@)

o O
1 1

Peak Glendell water
take post mining (13

ML /year)
Water take from
cumulative impact of
approved mining
excluding Glendell

/

2009 2059 2109 2159 2209 2259 2309 2359 2409
— Approved Operations + Project —No Glendell

Glendell
Operation

Modelled take relative to 2009 (ML/year)
o
(@]

Figure 7-16 Reduction in groundwater flow to Hunter Regulated River Alluvium Water
Source alluvial aquifers

Figure 7-14 shows the water take from Jerrys Water Source (Bowmans Creek, Yorks Creek, Swamp
Creek, Bettys Creek alluvium) peaks during mining then slowly reduces post mining as the groundwater
regime adjusts to the changed landforms and recovers to new equilibrium levels. The groundwater flow
from the Permian strata to the Jerrys Water Source alluvium returns to 2009 conditions approximately
150 years post mining. Whilst flows to the Jerrys Water Source slowly recover post mining, the
proportion of the residual water take attributable to the Approved Operations and the Project increases
slightly over time. This is indicated by the diverging lines on Figure 7-14. The water take peaks at
22 ML /year approximately 150 years post mining. At this point the total groundwater flow to the Jerrys
Water Source has returned to 2009 conditions. While the take attributable to the Project increases over
time until this stabilisation is reached, overall take continues to decrease over this same period due to
the general recovery of the system following the cessation of mining at other operations. Put another
way, the Project does not result in any significant increase in cumulative take.

Figure 7-15 shows the predicted take from the Glennies Water Source (Main Creek alluvium) due to
Glendell is undetectable, never exceeding 1 ML/year post mining.

The Hunter Regulated River Alluvium Water Source (Glennies Creek alluvium) is slower to recover than
the Jerrys Water Source with flows returning to 2009 conditions approximately 300 years post mining.
Similar to the Jerrys Water Source, the contribution of residual water take attributable to the Approved
Operations and the Project increases slowly post mining, peaking at about 13 ML/year after 300 years
when the water source has returned to 2009 conditions.

When considering the above results, it is important to note there is significant uncertainty in the
predicted water take post mining. The model predictions are for relatively small volumes of water
centuries into the future. The modelling also indicates that the cumulative impact from closure of other
surrounding mines significantly complicates the recovery of the groundwater systems and suggests
peaks in water take are influenced by recovery of surrounding operations.
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Post mining the entire groundwater regime is recovering due to the closure of all open cut and
underground mines represented in the groundwater model. This means that whilst ongoing impacts are
predicted they occur within a less impacted groundwater regime due to the recovery of the other mining
operations. This is particularly true for the underground mines that do not have residual open voids and
allow the groundwater regime to recovery to a new equilibrium level, higher than levels during
operations.

The numerical model indicates that post mining the flows from the Permian strata to the alluvium will
slowly recover, and eventually could exceed the baseline levels prior to mining. This is predicted to
occur due to the potential enhancement of recharge through spoil piles that cover a large percentage of
the model domain. The charts of flow shown in Figure 7-14 to Figure 7-16 have been cut off to only show
the flow loss, and not the post mining increase in groundwater flow due to the significant uncertainty
associated with this prediction.

7.3.3 Drawdown in private bores

Figure 7-17 presents maximum groundwater drawdown at privately owned bores (GW046759 and
GWO078054) due to the Approved Operations and the Project. Results confirm groundwater drawdown
at these locations are less than the AIP threshold for minimal impact on water supply works.

Little information exists regarding the construction details of these bores. The geological model
indicates the base of the regolith at this location is at approximately 68 mAHD, while the cumulative
model predicts a reduction in groundwater level to a minimum of approximately 72 mAHD.
This indicates that cumulative groundwater drawdown will not significantly impact the ability for these
bores to pump low volumes of groundwater.
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Figure 7-17 Drawdown at privately owned groundwater bores
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7.3.4 Water licensing and water sharing plan rules

As noted previously in Section 7.2.8, the AIP requires the accounting of all groundwater take, either
directly or indirectly from groundwater systems. The predicted annual groundwater volumes to account
for the peak post mining water take for the Approved Operations and the Project are summarised in
Table 7-3. All groundwater takes have been corrected for ‘double accounting’ by subtracting baseflow
changes from the total alluvial flow change. The calculations to correct for double accounting is shown
within the brackets in Table 7-3.

Table 7-3  Groundwater licensing summary - post mining for Approved Operations

and the Project
Peak volume
e e Water source/ requiring l.lc.ensmg
management zone post mining
(ML /year)
North Coast Fractured and . less than during
Porous Rock WSP Sydney Basin North Coast groundwater e —
groundwater 4 (22 minus 18)
Jerrys
surface water 18
Hunter Unregulated WSP Glennies AT S (s
surface water 0

Hunter Regulated River

Alluvium groundwater 13

Management Zone 3a -
Hunter Regulated WSP Glennies Creek and Station surface water 14
Creek surface water

7.3.5 Groundwater quality changes

Post mining, water will evaporate from the void lake surfaces drawing in groundwater from the
surrounding geological units and forming a sink in the groundwater regime. The water balance model
(GHD, 2019) indicates the evaporation from the lake surface will concentrate salts in the pit lake slowly
over time, with the pit lake salinity remaining below typical Permian strata salinity levels for the
500 year modelling period. The minimal impact considerations within the AIP require that:

1. Any change in the groundwater quality should not lower the beneficial use category of the
groundwater source beyond 40 m from the activity.

2. No increase of more than 1% per activity in long-term average salinity in a highly connected
surface water source at the nearest point to the activity.

The gradually increasing salinity will not pose a risk to highly connected surface water sources as the
final void will remain a permanent sink with a steep hydraulic gradient between the mine and the
surrounding Permian strata. This will mean that the evapo-concentrated salt will remain within the final
void lake and therefore will not affect the beneficial use category of groundwater or the long-term
average salinity in surface waters. The reduced groundwater flow from the Permian strata to the
alluvium is expected to reduce the salt load to the Bowmans Creek alluvium resulting in an overall
improvement in quality, despite the decline in quantity.
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7.4 Uncertainty

The uncertainty in the model predictions introduced by model parameters was assessed using a
nonlinear uncertainty analysis where numerous model parameters were changed at the same time.
Appendix B presents the results of the uncertainty analyses. An uncertainty analysis involved changing
model parameters to create 183 model realisations. A separate sensitivity analysis was also undertaken
to assess the influence of uncertainty in spoil properties and the permeability of the block fault zone.

Predictive uncertainty analysis undertaken to assess the likelihood of groundwater inflow to the pit and
impacts to groundwater receptors from mining induced drawdown concluded that the risk of significant
impacts was low. Worse case predictions of groundwater take from the Permian and alluvial systems
were less than WSP licences currently allocated to the Mount Owen Complex, with the exception of the
unregulated alluvial Jerrys and Glennies Water Sources. It is unlikely the approved Glendell Pit and
associated Glendell Pit Extension will have significant impacts on groundwater drawdown.

Sensitivity analysis was carried out by increasing the permeability of the block fault zone and revealed
minimal sensitivity to groundwater drawdown and alluvial flow changes.

Post mining sensitivity analysis concluded equilibrium conditions within the Project Area are sensitive
to the hydraulic and storage properties within the backfilled material. Extreme combinations of high
recharge, low permeability and low storage promotes groundwater decant through the spoil into the
surrounding strata. However, all scenarios predicted net sink conditions for the entire Glendell Pit
Extension (i.e. groundwater gradients flow into the backfilled material and void).
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8 Groundwater monitoring and management plan

The Mount Owen Complex operates in accordance with a Water Management Plan (WMP) which was
prepared in consultation with NSW government agencies consistent with the requirements of the
Glendell Consent and Mount Owen Consent. The WMP includes a standalone Groundwater Monitoring
and Management Plan (GWMMP). The WMP describes the management of environmental and
community aspects, impacts and performance relevant to the sites water management system.

The Mount Owen Complex already has an existing groundwater monitoring network as described in
Section 5.2. The monitoring network is comprised of standard 50 mm or 25 mm PVC monitoring bores
installed within the alluvial aquifers and the deeper Permian strata including coal measures.
The network also includes arrays of VWPs cemented into selected drill holes to monitor pressure in
deeper strata. This includes monitoring sites along Bowmans Creek, Yorks Creek, Bettys Creek and
Swamp Creek installed within the alluvium and underlying Permian strata to compare to predictions of
the numerical modelling.

Proposed mining activities will result in removal of existing groundwater monitoring bores that are
within the Additional Disturbance Area. Glencore will determine appropriate replacement monitoring
sites in liaison with DPIE Water post approval when updating the WMP to account for the Project.

Currently groundwater levels and field water quality (pH and EC) are measured in the monitoring bores
on a monthly to quarterly basis, in addition to daily water level readings recorded by the dataloggers in
selected monitoring bores and VWPs. Ongoing monitoring will enable natural groundwater level
fluctuations such as responses to rainfall to be distinguished from potential groundwater level impacts
due to depressurisation resulting from proposed mining activities. Ongoing monitoring of groundwater
levels will also be used to assess the extent and rate of depressurisation against model predictions.

Yearly reporting of the water level results from the monitoring network is included in the annual review.
The annual review will also identify if any additional monitoring sites are required, or if optimisation of
the existing monitoring sites should be undertaken.

Every six months samples are collected from a subset of bores for analysis of speciation, rare elements,
and inorganics. The water quality analysis includes:

e pH, electrical conductivity (field measurements);
e Majorions - Ca, Cl, K, Na, Mg, SO4, HCO3;

o Alkalinity;

e Nutrients - Total P; and

o Total metals- Aluminium, Arsenic, Barium, Lithium, Manganese, Rubidium, Selenium, Strontium,
Zinc, Boron.

Groundwater quality analysis should continue in the existing and any new bores to detect changes in
groundwater quality during mining.

Like the water level monitoring, yearly reporting of the water quality results from the monitoring
network should be included in the annual review. The Surface Water and Groundwater Response Plan
currently provides triggers for pH and EC for selective bores within the network. The trigger levels have
been calculated as the 80th percentile of baseline water quality data collected. The comparison of water
quality measurements to the trigger levels will continue. The trigger levels are periodically reviewed, in
consultation with relevant agencies, as additional monitoring information becomes available.

The WMP includes the requirement to monitor groundwater inflows to the mine and compare the
results to the predicted inflow from groundwater modelling. The water balance method should be used
to estimate the volume of free-flowing groundwater entering the mine workings. Additionally, every
three years the validity of the numerical model predictions should be assessed and if the data indicates
significant divergence from the model predictions, an updated groundwater model should be
constructed for the simulation of mining.
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9 Summary and conclusions

The groundwater assessment for the Project considered the impacts of extending the Glendell Pit
towards the north into a previously unmined area. The only geological formation that is considered to
constitute a potentially highly productive aquifer in the area of the Glendell Pit Extension is the
Bowmans Creek alluvium, which is relatively thin but contains a permeable sand and gravel base that
readily transmits fresh to slightly brackish groundwater. Bowmans Creek meanders through the flood
plain adjacent to the Glendell Pit Extension and pools within the creek can form windows to the
underlying water table. During drought conditions in 2018/2019 flow in Bowmans Creek has ceased
and the water course reduced to a series of disconnected pools, interconnected through the alluvial
groundwater system. Aquatic ecosystems in Bowmans Creek are therefore subject to this wetting and
drying cycle imparted by climate. Vegetation occurs in a thin riparian zone along Bowmans Creek and
potentially depends on the underlying alluvial water table where it is relatively shallow (<10 m below
surface) immediately adjacent to the creek. There no known private bores extracting water from the
Bowmans Creek alluvium in proximity to the Glendell Pit Extension, but potentially two bores installed
within the underlying regolith strata.

The Project Area is surrounded by operating or completed open cut and underground mines targeting
the same coal measures. The extensive mining history in the region means the geology of the area has
been continually investigated and is well understood through drilling and observation in open cut and
underground areas. Glencore operates many of the mining operations surrounding the Project and this
allowed access to a range of datasets including geological models, groundwater monitoring and mine
schedules for surrounding areas.

The existing groundwater monitoring network was supplemented with additional monitoring bores for
the Projectin 2012 and this has provided data to assess baseline conditions. It is evident in the datasets
that the long history of mining and the close proximity of underground and open cut activities to the
Project has resulted in the groundwater levels within the Permian coal measures being extensively
depressurised. A cumulative impact on groundwater levels within the Permian strata is clearly evident.
The depressurised coal seams occur in the Glendell Pit Extension and under the Bowmans Creek alluvial
aquifer. Under the Bowmans Creek alluvium, the water level drawdown is sufficient to disconnect the
Permian groundwater systems in coal seams from the overlying alluvium reversing hydraulic gradients
from upwards to downwards. Despite downward gradients from the Quaternary alluvium to underlying
Permian strata being established, there is no significant drawdown evident in water level records from
the Quaternary alluvium that is readily attributable to mining. This is because vertical flows are
expected to be small owing to limited vertical permeability through the interburden and the recharge
to the alluvium from rainfall and river leakage readily makes up any vertical downward losses.

Quaternary alluvium also occurs along Yorks Creek and Swamp Creek which are tributaries of Bowmans
Creek. These tributaries have small catchments and a significant alluvial plain has not formed in these
areas. Compared to the Bowmans Creek floodplain, the alluvium is much thinner, comprised of less
permeable sediments and of limited saturation or is dry. The Project proposes to remove alluvium
associated with Yorks Creek and Swamp Creek. This will expose sections of alluvium in the western pit
wall. Seepage from these areas into the Glendell Pit Extension is expected to be very low due to the
limited saturated thickness in these areas. Similar areas of alluvium with limited saturated thickness
have been mined through in Bettys Creek at North Pit and Glendell Pit without incident or impact.
On this basis, and the modelled low levels of take, no engineering measures are considered warranted
for control of seepages. Installing a barrier wall within the alluvium would not be effective due to the
shallow depth of the alluvium proximal to the western limit of the Glendell Pit Extension, and the
relatively thick permeable regolith underlying the alluvium. The barrier may have an impact on
groundwater recharge through the shallow alluvium system, although the underlying regolith would
hydraulically connect the shallow alluvial system to the disturbance area.
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The existing information on the groundwater regime was used to calibrate a numerical groundwater
flow model. The model was able to replicate the observed disconnection between the Permian coal
seams and the alluvial groundwater systems that has resulted due to the cumulative impact of approved
mining. Given the model replicated this key environmental process it was considered suitable for
assessing the impact of the Project.

Numerical modelling indicates continuing the Glendell Pit to the north will further depressurise the coal
seams targeted for mining. Localised areas of drawdown are predicted to occur within the Bowmans
Creek alluvium in proximity to the areas where Yorks Creek and Swamp Creek will be removed.
The predicted drawdown is up to 2 m in isolated areas. Monitoring indicates this is a fraction of the
natural variability than has been measured up to 4 m. There are no known operating private water
supply bores in the areas where the numerical modelling indicates the potential for drawdown.

Public domain datasets indicate riparian vegetation occurring along Bowmans Creek has the potential
to depend on a shallow water table. This vegetation is not noted within the relevant water sharing plans
as a significant groundwater dependent ecosystem and therefore the AIP thresholds do not apply.
Potential impacts on terrestrial vegetation and aquatic ecosystems which may be impacted by changes
in groundwater levels is considered further by Umwelt (2019).

Depressurisation generated by advancement of the Project will result in direct interception of
groundwater in the coal measures and indirect influence on flows to the alluvial aquifers. The AIP
requires the direct and indirect interception of groundwater to be accounted for with water licenses in
each water source where take of water is predicted. The peak take from Jerrys Water Source is not
predicated to occur until well into the operational phase of the Project and reaches 10 ML/year.

The open cut mining area will be gradually backfilled during mining. This will result in an elongated
north south spoil pile with a residual open void situated at the northern extent of the Glendell Pit
Extension. The spoils will slowly re-saturate with groundwater and rainfall seepage through the spoil
surface forming a water table groundwater system in the mined area. Modelling indicates a northwards
hydraulic gradient through the spoils to the open void at the north as the groundwater system rebounds
to a new equilibrium condition. The evaporative pumping effect from the open void will exceed inputs
from rainfall, runoff and groundwater, resulting in a water level in the open void remaining below the
regional water table. The effect of this will be to draw in groundwater to the open void and create
a permanent zone of residual drawdown. A residual direct and indirect take of groundwater will occur
post mining due to the evaporative pumping effect of the void. Glencore holds sufficient water licenses
to account for the long term take by permanent retirement of necessary units, with the exception of the
unregulated Jerrys and Glennies Water Sources. The evaporative pumping effect in the final void will
slowly concentrate salts, with the depressed water table preventing any outflow to the surrounding
environment. Modelled salinity levels in the pit lake remain below salinity levels in the Permain aquifers
for well over 500 years.

The limited impacts detected in monitoring to date, the limited future impact predicted by modelling,
and the existing management plans and measures already in place at the Mount Owen Complex mean
that no additional groundwater impact mitigation measures are recommended for the Project.
An expansive network of monitoring bores already exists, and groundwater levels and quality should
continue to be monitored in accordance with the approved WMP. Consistent with the currently
approved WMP, in the event that a groundwater quality or level trigger level specified is exceeded, an
investigation should be conducted in accordance with the WMP protocols.
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11. Glossary and acronyms

AGE Australasian Groundwater and Environmental Consultants Pty Ltd
AHD Australian Height Datum

AIP Aquifer Interference Policy

BSAL Biophysical Strategic Agricultural Land

CRD Cumulative Rainfall Departure

DoEE Commonwealth Department of the Environment and Energy
DPIE NSW Department of Planning, Industry and Environment
EIS Environmental Impact Statement

GDE Groundwater Dependent Ecosystem

Glencore Glencore Coal Pty Limited

GWMMP Groundwater Monitoring and Modelling Plan

[ESC Independent Expert Scientific Committee

ML Megalitres

MNES Matters of National Environmental Significance

Mount Owen Mt Owen Pty Limited

Mtpa Million tonnes per annum
Pinneena Department of Primary Industries - Water supplied database of registered groundwater
bores

The Proponent Glendell Tenement Pty Ltd
SILO SILO is a database of historical climate records for Australia

SRLU Policy  Strategic Regional Land Use Policy

VWP Vibrating wire piezometer
WAL Water access licence
WMP Water management plan
WSP Water Sharing Plan
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Appendix A Limit of alluvium investigation
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Objectives and scope

Figure A 2-1 shows the extent of Highly Productive Alluvium determined by DPI-Water for Aquifer
Interference Activities (2012a, 2012b). The extent of Highly Productive Alluvium is defined based on
public domain geology maps and requires ground truthing where mining is proposed in proximity.
The first attempt to better define the extent of alluvial sediments was conducted by Jacobs (2014) as
part of the Mount Owen Continued Operations Project. The groundwater assessment for the Glendell
Continued Operations Project included further investigations to more accurately define the extent and
thickness of alluvial sediments associated with Bowmans Creek, Swamp Creek and Yorks Creek in the
vicinity of the proposed Glendell Pit Extension. The work program comprised review of public domain
datasets that could indicate the extent and thickness of alluvial sediments, as well as field investigations
in areas where further data collection was required.

Extent of alluvium

The work program comprised a desktop review, field investigations and re-interpretation of the limit of
alluvium. The extent of alluvial sediments was assessed using datasets for soils and terrain elevation,
supplemented with information from test pits excavated within and adjacent to the Glendell Pit
Extension area.

Desktop review

An initial desktop review of the following data sources was conducted to gain an appreciation of the
extent of the alluvial sediments. The following spatial information was reviewed:

e Commonwealth Scientific and Industrial Research Organisation (CSIRO) Soil Landscape Series
that includes maps indicating the depth of regolith, Wilford et al (2015);

e Geoscience Australia (GSA) radiometric maps, GSA (2015);

e soil maps used to identify the extent of Biophysical Strategic Agricultural Land (BSAL),
DPI (2012);

e Aquifer Interference Policy (AIP) highly productive alluvium maps, DPI-Water (2012b);
e Office of Environment and Heritage (OEH) maps, including:

0 Australian Soil Classification (ASC) Soil Type map of NSW;

0 Great Soil Group (GSG) Soil Type map of NSW;

0 Soil Landscape Regolith Stability of North-East New South Wales; and
0 Hydrologic Group of Soils in NSW, OEH (2017).

e monitoring bore lithology and construction logs;

e work conducted by Jacobs (2014) to define the limit of alluvium as part of the Mount Owen
Continued Operations Groundwater Impact Assessment report; and

e LiDAR imagery supplied by Glencore.

The data review indicated a varying alluvial boundary depending on the data source, and therefore field
investigations were undertaken to better define the limit of the alluvial sediments.
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Field investigations

A series of 38 test pits were excavated to better define the occurrence and limit of the alluvial sediments
within the Glendell Pit Extension area and surrounds. The spatial information from the desktop study
and the limit of the alluvium determined by Jacobs (2014) was used to guide the locations of the test
pits. The test pits were excavated between 23rd and 30t August 2017. A backhoe was used to excavate
to a maximum depth of four metres below ground level (mbgl) or to refusal on bedrock. The excavated
material was logged onsite with a summary of the intersect material provided in Table A 2-1.
The locations of the test pits are shown on Figure A 2-2.

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | Appendix A | 3






Table A 2-1 Test pit details

alluvium details

soil type Depth (mbgl)
interval thickness saturation | water (mbgl)
(mbgl) (m) ;

GNO1 alluvium 33 0.2-3.3 >3.3 moist
GNO3 alluvium 3 0.2-3 >3 moist =
GN04 alluvium 3.5 0.25-3.5 >3.5 moist -
GNO6 colluvium 3.2 Nil Nil moist / wet -
GNO7/GN46 colluvium 3.6 Nil Nil dry -
GNO8 colluvium 2.1 Nil Nil dry -
GNO09 alluvium 3.6 0.4-3.6 >3.6 dry -
GN10/GN45 alluvium 3.2 0.3-2.6 2.6 moist / wet 3
GN13 alluvium 4 0.1-4 >4 wet 3.8
GN14 colluvium 3.2 Nil Nil dry -
GN18 colluvium 1.7 Nil Nil dry -
GN20 alluvium 3.2 0.4-3.2 >3.2 dry -
GN26 colluvium 3.5 Nil Nil dry -
GN30 alluvium 3.5 0.4-3.5 >3.5 dry -
GN31 alluvium 4 0.5-4 >4 dry -
GN33/GN44 alluvium 3.6 0.1-3.6 >3.6 wet 3.55-3.6
GN34 colluvium 3 Nil Nil dry -
GN38 colluvium 3.2 Nil Nil dry -
GN41 alluvium 3.4 0.35-3.4 >3.4 dry -
GN42 alluvium 3.3 0.2-3.3 >3.3 dry -
GN43 alluvium 2.4 0.2-24 >2.4 wet 2.1
GN47 alluvium 3.4 0.2-34 >34 moist -
GN48 alluvium 3.2 0-3.2 >3.2 moist -
GN49A colluvium 3.6 nil nil dry -
GN50 colluvium 3.5 nil nil dry -
GN51 alluvium 35 0.1-3.5 >3.5 wet 3.45-35
GN52 alluvium 3 1-3 >3 wet 2.8
GN53 alluvium 4 0.4-4 >4 moist -
GN54 alluvium 35 0.15- 3.5 >3.5 moist -
GN55 alluvium 35 0-3.5 >3.5 moist -
GN56 alluvium 33 0.4-3.3 >3.3 moist -
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alluvium details

interval thickness
saturation | water (mbgl

GN57 alluvium 3.2 1.5-3.2 >3.2 dry / moist

GN58 alluvium 3.2 0.3-3.2 >3.2 moist =
GN59 alluvium 3.1 0.2-3.1 >3.1 moist -
GN60 alluvium 2.71 0-2.7 2.7 dry -
GN61 alluvium 3.4 0.45-3.4 >3.4 dry -
GN62 alluvium 3.2 0.8-3.2 >3.2 moist -
GN63 alluvium 3.5 0.7 -3.5 >3.5 moist -

Interpretation

The information gathered from the test pits was used to either confirm the boundary of the alluvial
sediments defined by Jacobs (2014), or to adjust the boundary where required. Borehole logs from
previously drilled monitoring bores were also used to assist in defining the limit of alluvium.
Figure A 2-3 shows the updated limit of alluvial sediments compared with that previously defined by
Jacobs (2014).

The fieldwork indicated that the extent of the Bowmans Creek alluvial plain is similar that determined
by Jacobs (2014). This was due a clear change in slope between the flood plain and the adjacent
hillslopes where colluvial material occurs.

The desktop study suggested that Yorks Creek may not host any alluvium, however, test pits determined
that a narrow strip of alluvium is present along the drainage only. The extent of the Yorks Creek alluvium
was determined to be less extensive than determined by Jacobs (2014). The extent of alluvium narrows
in the upstream areas of Yorks Creek, with the alluvial plain flanked by colluvial hillslopes and bedrock
outcrops. Several alluvial terraces are visible towards the confluence with Bowmans Creek.

Two test pits were excavated in the lower areas of Swamp Creek towards the confluence with Bowmans
Creek. The Swamp Creek alluvial extents were not refined based on fieldwork results, as they are part
of a development consent boundary associated with Glendell Open Cut Mine and the area logistically
available for test pitting was partially limited due to active mining operations. A more refined alluvium
boundary, previously determined by Mackie Environmental Research as part of an internal Glencore
review was used to update the Swamp Creek boundary. The boundary resulted in slightly extended, but
thinner alluvial plain that excluded the Mining Infrastructure Area (MIA).
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Thickness of alluvium

The thickness of the alluvial sediments was also reviewed for the purposes of updating the conceptual
and numerical models of the groundwater regime. The thickness of the alluvium was determined using
information from existing monitoring bores as well as the test pits where the base of alluvium was
determined. Three additional monitoring bores were also installed within the Bowmans Creek alluvium
in March 2018 by Jacobs (2018), and the information from these bores was also used to assess the
thickness of the alluvium. A total of 61 drillhole or testpit locations were reviewed with 26 sites
providing information on the thickness of the alluvium (23 bores and two alluvial test pits).

Figure A 3-1 shows the updated alluvial thickness. The figure shows the alluvium is typically up to 10 m
thick within the Bowmans Creek flood plain and slightly thinner in Yorks and Swamp Creeks where it is
up to 6 m to 8 m in thickness.

The saturated thickness within Bowmans Creek alluvium appears to be patchy and variable depending
on location. The available data indicates that the Quaternary alluvium becomes saturated where the
Quaternary alluvium thickens towards the centre of the flood plain but can be unsaturated towards the
edges, or where the base of the Quaternary alluvium is potentially affected by bedrock features such as
buried rock bars.
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Glendell Continued Operations Project
Numerical Modelling Report

B 1 Objectives

Predictive numerical modelling was undertaken to assess the impact of the Project on the groundwater
regime. The key objective was to allow the risks to the groundwater regime to be assessed using a
groundwater model to systematically investigate the causal pathways for potential impacts on water
resources and water-dependent assets. Outputs from this modelling process were:

o estimates of the volume and rate of groundwater directly intercepted by the mine workings as
a function of mine position and timing;

e estimates of the volume of groundwater indirectly affected or intercepted from adjacent water
sources outside the Project footprint;

e the amount water entitlements required to account for the water directly and indirectly
intercepted by the Project;

e estimates of the extent and magnitude of drawdown in surrounding water sources and the
potential for the Project to induce drawdown that exceeds the threshold levels of impact for
receptors specified within in the AIP;

e the nature of changes to the groundwater regime post mining and the potential to exceed
thresholds for water level and quality specified in the AIP for water sources and water
dependent assets;

e areas of potential risk where groundwater impact mitigation/control measures may be
necessary; and

o the influence of uncertainty in model parameters on the magnitude of impacts predicted by the
model and the need for any further management and mitigation measures to ensure
preparedness for uncertainty.

The key to the modelling exercise is robust conceptualisation of the groundwater regime that can be
represented by a numerical model. The conceptual model is a demonstration of how the groundwater
system operates given the available data and is an idealised and simplified representation of the natural
system. The main report details the conceptual understanding of the hydrogeological regime at the
project site. The purpose of this appendix is to describe the model setup, calibration, predictive
scenarios and uncertainty analysis undertaken with the numerical model. The model predictions from
the basecase model (the ‘best’ calibrated model) are summarised in the main report but not included
here to ensure there is no duplication within the documents.
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B 2 Model construction and development

B 2.1 Model version and update log

The significant development of mining in the region surrounding the Project means there have been
many previous groundwater modelling efforts to estimate the impact of mining on the groundwater
regime. The numerical model utilised for the Project was a further iteration of the numerical model
previously developed for:

e Ravensworth underground (Mackie Environmental Research, 2011);
e Liddell mine (SKM, 2013);

e Mount Owen mine (Jacobs, 2014);

e Integra mine (AGE, 2017); and

e Mount Owen mine (AGE, 2018).

An existing numerical model was utilised to ensure the cumulative impacts from already approved
surrounding operations were represented as consistently as possible with previous approvals.
This approach aligns with the fundamental guiding principle described by Middlemis (2004) that
“....model development is an on-going process of refinement from an initially simple representation of the
aquifer system to one with an appropriate degree of complexity. Thus, the model realisation at any stage is
neither the best nor the last, but simply the latest representation of our developing understanding of the
aquifer system.”

Jacobs (2014) provided a model version naming protocol and update log to identify the version of the
‘base’ model used for various projects. A new version number is assigned when there are changes to the
base condition of the regional model, such as model structure, calibration, approved current or future
mining operations. Table B 1 below summarises the model version and modifications undertaken since
development of the model in 2011.

Table B 1 Model versions

Model
Project Description of modification(s) version
number

Model

version

e initial model setup

1 0 Ravensworth 1
vensw e model calibration
1 1 Liddell e stochastic predlc.tlve simulations of 1.1 Liddell
proposed operations
e refined historic mining and backfill
sequencing at Ravensworth East, Glendell
2 0 and Mount Owen operations 2
o updated geology models for Mount Owen
and Ravensworth areas
Ravensworth e stochastic predictive simulations of
2 1 . 2.1 Rav
East proposed RERR operations
2 2 Liddell e updated stochastic predictive simulations 22 Liddell

of proposed operations

e refinement of historic Liddell open cut
3 0 operations; Inclusion of additional coal 3
barriers around Hazeldene workings

e updated stochastic predictive simulations

3 1 Liddell ;
of proposed operations

3.1 Liddell
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Model Model

version

Project Description of modification(s) version
number

e inclusion of historic dewatering operations
at Liddell underground workings

e conversion of Bowmans Creek “River”
boundary conditions to “Stream” cells

4 0 e refinement of top and bottom elevations 4
for Bowmans Creek alluvium based upon
new LIDAR

e recalibration (steady state and transient);
Creation\selection of new input datasets
for stochastic simulations

e updated stochastic predictive simulations

; 4.1 Liddell
of proposed operations

4 1 Liddell
¢ modification to underground working at
5 0 Liddell; Addition of new dewatering bore at 5
Middle Liddell underground workings

e updated stochastic predictive simulations

; 5.1 Liddell
of proposed operations

5 1 Liddell

e refined model progression for mining and
backfill sequencing based upon peer
review comments

e updated HFB for faults regionally

e updated stochastic predictive simulations

; 6.1 Liddell
of proposed operations

6 1 Liddell
e representation of Glennies Creek and Main
Creek alluvium based upon LIDAR data

¢ refinement of Glendell and Mount Owen
approved mine sequences and plans

e incorporation of Integra Underground
mine

¢ modification of hydrogeological
parameters to account for enhanced
conductivity above former underground
workings and according to depth of
overburden

7 0 Liddell

¢ modification of model size and stress
periods to accommodate updated mine
sequencing

e recalibration (steady state and transient)
to extended calibration dataset

e updated stochastic predictive simulations
of proposed operations

7.1 Mount

7 1 Mount Owen e recalibration to refine specific yields 0
wen

e incorporation of Liddell base case into

Version 7 7.2 Liddell

7 2 Liddell
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Model
version

Model
build

Model

Project Description of modification(s) version
number

Recalibration of the model to account for:

Mount Owen

Mount Owen

Mount Owen
Mine and .
Integra
Underground
Mine

Mount Owen
Mine and .
Integra
Underground
Mine

changes in ET values: Non-mining areas
use Actual Areal Evapotranspiration values
for maximum ET rates

inclusion of Liddell total dewatering rates 8

for 2012 and 2013

inclusion of additional alluvial monitoring

data

predictive simulations for Mount Owen 8.1 Mount
Continued Operations EIS Owen

modelling taken over by AGE

converting model to MODFLOW USG
including development of new model mesh
and layers

refining model mesh along Bettys Creek
and Main Creek alluvial aquifers

updating water level monitoring dataset

representing hydraulic conductivity as
decreasing with depth in Permian model
layers

adjusted coal seam levels based on updated
geological model from Mt Owen mine

updating the thickness of the alluvium
based on borehole logs 9

recalibrating model to water level records
and mine inflows at Integra

updating progression of approved and
proposed mining at Integra Underground
mine

adding approved open cut mining at Rix
Creek North Mine (former Integra open
cut)

updating progression of mining at Mt Owen
Mine

predicting impacts on groundwater regime
for proposed mining at Integra
Underground and Mount Owen

Update of open cut mine plan at Mount
Owen North Pit to extend to the end of
2036

9.1 Mount
Owen

Australasian Groundwater and Environmental Consultants Pty Ltd

Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | Appendix B | 4



Model Model kil

version build

Project Description of modification(s) version
number

e Reduce the depth of Liddell Open Cut to the
base of the Barrett Seam (currently
approved to the Hebden Seam)

e update of the planned end of
mining/beginning of recovery year to 2023
(instead of 2022)

e introduction of the Davis Creek Fault and
Dyke into the model, represented by the
Horizontal Flow Barrier (HFB) package

Liaalsll Gjsem e representation of historical workings of 9.2 Liddell
Cut Liddell Underground Mine in the (unpublished
groundwater model, using data from SKM'’s version)
(2014) groundwater model and
refinements

e representation of coal barrier walls
separating different areas of Liddell
Underground Mine in the model

e introduction of controlled water levels in
the different areas of Liddell Underground
Mine into the model, following detailed
data provided by LCO

¢ refinement of Glendell and Mount Owen
approved mine sequences and plans

e revision of alluvial thickness along
Bowmans and Glennies Creek

e review and updates to coal seam surfaces
based on client’s geological models

e extending northern boundary to reduce
potential for boundary condition to
influence predictions

10 0 Glendell e refinement of rpgdel cell resolution around 10
the Glendell mining area and Bowman
Creek

e introduction of pilot point multipliers to
improve calibration and uncertainty
analysis (Kx, Kz, Sy, Ss, and recharge)

e recalibration (steady state and transient)
to extended calibration dataset using
surrogate child/parent technique

e updated stochastic predictive simulations
of proposed operations

The sections below summarise the model set-up and calibration.
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B 2.2 Model uncertainty

Middlemis and Peeters (2018) indicate sources of uncertainty affecting numerical modelling
simulations can be grouped as follows:

e structural/conceptual - geological structure and hydrogeological conceptualisation
assumptions applied to derive a simplified view of a complex hydrogeological reality
(any system aspect that cannot be changed in an automated way in a model);

e parameterisation - hydrogeological property values and assumptions applied to represent
complex reality in space and time (any system aspect that can be changed in an automated way
in a model via parameterisation);

e measurement error — combination of uncertainties associated with the measurement of complex
system states (heads, discharges), parameters and variability (3D spatial and temporal) with
those induced by upscaling or downscaling (site-specific data, climate data); and

e scenario uncertainties — guessing future stresses, dynamics and boundary condition changes
(e.g. mining, climate variability, land and water use change).

Each of these sources of uncertainty are discussed within this document within relevant sections below.
Attempts are also made to identify inherent bias and transparently communicate this as recommended
by Middlemis and Peeters (2018).

B 2.3 Model code

The model utilises the MODFLOW-USG code to simulate groundwater flow in the Project region.
This model code was considered to remain suitable to meet the model objectives because it:

e allows use of an unstructured mesh where cells can be refined around localised features such as
rivers, alluvial aquifers and mining, and larger cells used where refinement is not required;

e does not need layers to be continuous over the model domain, allowing layers to stop where
geological units pinch out or outcrop such as coal seams and alluvium;

o effectively reduces the number of cells with the refinement and pinching options that allow
faster model run times and therefore the ability to conduct stochastic uncertainty analysis; and

e Dbetter represents flow transfer processes between systems such as bedrock and alluvial
groundwater systems through the pinching out of layers.

The input files for the MODFLOW-USG model were created using custom Fortran code and a MODFLOW-
USG edition of the Groundwater Data Utilities by Watermark Numerical Computing (2018). The mesh
was generated using Algomesh (HydroAlgorithmics, 2014).

B 2.4 Model design

B 2.4.1 Extent and boundaries

The Project is located in an area where a cluster of mining activities are situated and create a cumulative
impact on the groundwater regime. The model domain was designed to cover the relevant mining
activities, and also include a spatial buffer to ensure that the limits of the model domain were sufficiently
remote from the mining activities to reduce the impact of assumed boundary conditions on the model
outcomes. The model domain was approximately 22 km wide (west to east direction) and 20.5 km long
(north to south direction) as shown in Figure B 1.
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The shape of the model was aligned with key regional geological and hydrogeological features as
follows:

e Northern boundary - set approximately 7 km north of the Project this boundary extends beyond
the Hunter Thrust fault that separates the non-coal bearing Carboniferous sediments against the
Permian coal measures of the Hunter Valley (refer to Geological Map in Section 4 of main report);

e North western boundary - set approximately 7 km north-west of the Project, where the
Wittingham Coal Measures outcrop and terminate; and

e Southern boundary - set at approximately 9 km south at a distance beyond the limit of influence
of the Project.

Prior to version 9, previous versions of the model represented the model boundaries including the
Hunter Thrust fault where the coal seams terminate to the north-east of the Project site with a ‘no flow’
boundary condition. Whilst coal seams are terminated at this fault, it was considered there is potential
for groundwater flow into the model domain to occur from up gradient catchments that occur to the
north-east of the Project site. The revised model represents the non-coal strata east of the fault as a
separate groundwater model layer. This layer does not laterally connect to the terminated strata at the
fault, but flow occurs into the layers vertically. General head boundaries utilise a conductance rate
calculated using the dimensions of the model cells, the distance to the neighbouring cell, and the
calibrated horizontal hydraulic conductivity. Constant head cells were assigned where Lake Liddell
occurs in an area on the north-western boundary of the numerical model. The general head and constant
head boundary cells in the model are displayed in Figure B 1.

The uncertainty introduced to the model depends on the data used to develop the assigned boundary
conditions. The boundary conditions are influenced by the ground surface in the model which is
represented at the model extents using the publicly available 1 second SRTM dataset which is known to
be vertically accurate to 6.0 m over Australia with 90% confidence!l. This accuracy at the model
boundaries is relatively low compared to the more accurate LIDAR dataset used within the Project area,
and is expected to have introduced some uncertainty to the groundwater flows at the model extents.
However, due to the distance of the model boundaries from the project area, the uncertainty introduced
by the ground surface elevations is unlikely to significantly affect the uncertainty in impacts generated
by the Project.

B 2.4.2 Grid

The model domain was discretised and arranged into 21 layers comprising up to 51,132 cell nodes in
each layer with the dimensions of the cells varying according to the features that required
representation. The following cells dimensions where adopted:

e longwall mining areas - 75m x 150 m rectangular cells aligned to longwall panels where
possible;

e open cutareas - 100 m x 100 m voronoi cells;
e streams and alluvial flood plains - varying from 20 m x 20 m to 150 m x 150 m; and

e potential GDEs within alluvial flood plains - 20 m x 20 m.

1 NASA et al, The Shuttle Radar Topography Mission, Data Validation and Applications, June 14-16, 2005
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Figure B 2 and Figure B 3 show the cell size adopted in the vicinity of the Project to reduce uncertainty
associated with the scaling of field data to the model scale. The finer scale cells were created where more
closely spaced monitoring bores occur within the alluvium associated with Bowmans, Yorks and Swamp
Creeks to allowing some spatial variability in model parameters to be represented during the calibration
process. A zone of model cells with a dimension of 60 m x 60 m was created between the proposed
western edge of the Project and the Bowmans Creek alluvial aquifer. The purpose of these cells was to
ensure sufficient simulation points existed in the model to represent a steep zone of depressurisation
developing between the Project area and the adjacent alluvial water source if required.

Overall, the model comprised 590,771 cells across the 21 layers with a significantly reduced model run
time than predecessors.
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The model domain is extensive and therefore includes numerous known, and many likely unidentified
faults. The properties of the faults are not known and are therefore not afforded any special treatment
within the model. The exception was a significant fault that strikes in a north easterly orientation
adjacent to the Liddell mine. Mining operations suggest this fault retards groundwater flow across it,
and it was represented in the model using a horizontal flow barrier.

The model includes the full extents of the existing Glendell Mine as well as the full extents of:

e Mount Owen Mining Complex (including MOD2 that is being determined by the Independent
Planning Commission at the time of writing);

e Integra Underground Mine;
e Rix Creek North Mine (formerly Integra Open cut);
e Liddell Mine;
e Ashton Open cut and Underground Mine;
e Ravensworth Operations; and
e Hunter Valley Operations (HVO) North.
The approved mining areas were encompassed within the model domain as most target equivalent coal

seams proposed for mining at the Project site and are necessary to represent and assess the magnitude
of cumulative impacts.
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B 2.4.3 Model Layers

The key hydrostratigraphic units within the Quaternary and Permian formations identified in the
conceptual model (refer main report) were represented in the numerical model with 21 separate layers
(Table B 2). Model layers were created to separately represent the following hydrostratigraphic units:

e Quaternary alluvium;

e surficial weathered Permian formations;

e coal seams (groups of seam plys); and

e non-coal interburden strata that separating the coal seams.

Middlemis and Peeters (2018) describe the model surfaces as a structural and conceptual source of
uncertainty in the numerical model that cannot be changed in an automated way in a model. The sources
of data and uncertainty in the model surfaces are discussed for each hydrostratigraphic unit below.

Quaternary alluvium

The extent and thickness of the Quaternary alluvium in the numerical model was based on regional
geology maps and refined in areas of the model where site specific data was available. Areas where site
specific investigation data has been utilised to update the model are along Main Creek (AGE, 2018) and
along Bowmans, York and Swamp Creek (refer Appendix A). The investigative work undertaken to
refine the extent and depth of the alluvium along Bowmans Creek resulted in a significant reduction in
the alluvial thickness being represented in the numerical model, from about 20 m along the deepest part
of the paleochannel to typically less than 10 m over most of the flood plain area west of the Project
(refer Section 4.2 in the main report).

The field investigations undertaken for the Project are considered to have reduced the uncertainty
associated with the extent and thickness of the alluvial aquifer close to the mining area. Whilst the
updated surfaces for the base of the Quaternary alluvium in the Project area were improved from
previous realisations, there remains some inherent uncertainty in the exact thickness of alluvium where
investigative drilling data is not available. This is of course an inherent uncertainty in all groundwater
models. If in reality the Bowmans Creek alluvial sequence is thinner in some areas than represented in
the numerical model the impact of the Project could be more significant, and likewise if the alluvium is
thicker in some areas than represented in the numerical model the drawdown impact in reality could
be less than predicted by the model.

Weathered Permian

Surficial weathering of outcropping Permian bedrock was represented in the model as a separate
hydrostratigraphic unit. The depth of the weathering surface in the numerical model was based on
geological models provided by the proponent for mining areas at Liddell mine, Ravensworth Operations
and the Mount Owen Complex including Glendell. The weathering surface has been gradually updated
over time as the model has been updated to assess the impact of surrounding Glencore
(formerly Xstrata) Projects.

Because mining is active at all of the above sites the Permian weathered zone is readily observable in
the open cut mining areas. The depth of weathering surface typically has a transitional, rather than a
sharp well defined boundary to underlying unweathered fresh rock, and its inherent uncertainty is
therefore higher than compared to for example a coal seam that commonly has a readily definable
unambiguous boundary that can be measured to an accuracy of several centimetres. However, the direct
observations of the weathering in the mines, along with large exploration drilling datasets is expected
to have resulted in the weathering surface being readily identifiable to within an estimated accuracy of
+5mto 10 m.
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The top of the Permian weathering surface directly underlies the base of the Quaternary alluvium along
Bowmans Creek and therefore has the potential to be a pathway for transmission of groundwater to the
mining areas. If this were to result in impact upon the alluvial aquifer the weathered zone would be
considered a causal pathway, which is defined by Middlemis and Peters (2018) as “the logical chain of
events either planned or unplanned that link coal resource development and potential impacts on water
resources and water-dependent assets.” Variability in the thickness of the weathering surface would
therefore be expected to influence the magnitude of the impact predicted upon the alluvial water
sources and water dependent assets. However as noted the significant geological datasets available for
the region, and readily observable weathered zone characteristics is surrounding mines means this
uncertainty has been reduced to as low as practicably possible if compared to a greenfield region.

Permian coal seams and interburden

As noted previously the numerical model contains layers to represent the key interburden and coal
seams intersected by mining operations within the model domain. In a similar process to the weathered
zone the interburden and coal seams were sourced from geological models provided by the proponent
which have been gradually updated over time as the model has been used to assess the impact of mining
at Liddell, Ravensworth Operations, Integra and the Mount Owen Complex. A further review of the
numerical model against updated geological models was conducted for the Project. Geological models
for Liddell mine and Glendell mine were obtained and the surfaces for key coal seams compared to those
existing in the groundwater model. Areas where differences were noted exceeding in the order of 10 m
were updated in the numerical model to reflect the most recent geological models.

Similar to the weathered zone the surfaces for the key coal seams and intervening interburden are
considered to be “relatively’ accurate as they are informed by direct observation within mining areas
and networks of exploration drill holes across the mining areas. The nature of these layers also means
that the distinct transitions between the layers is readily identifiable to an accuracy of several
centimetres. The accuracy of the coal seams and interburden surfaces becomes less certain in areas
beyond the extent of the mining company geological models where the surfaces have been extrapolated
based on less data. In proximity to the Project, these data poor areas occur only to the south, as the
surfaces elsewhere are based on geological model data from Ravensworth Operations, Liddell and
Mount Owen mine. The uncertainty in the Permian model layers is therefore considered to be have
reduced as far as possible, and is significantly better than a greenfield area with limited mining history.

It is considered unlikely that any small inaccuracies in the Permian surfaces will introduce significant
uncertainty to the model for a number of reasons. This is because the coal seams and interburden are
confined layers and the response induced in these layers by mining activities is based on the layer
transmissivity and the adopted specific storage. The coal seams and are also relatively deep compared
to the Quaternary alluvium and weathered Permian strata and they remain confined until mining
encroaches in close proximity. It is considered significant inaccuracy in the coal seam surfaces would
need to exist before predictions would be significantly affected.

Figure B 4 and Figure B 5 show graphically the model layers in 3D oblique views. Figure B 4 shows the
model viewed from the south looking to the north, with Figure B 5 providing a view into the model
through a cut out into the Project area.
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Table B2  Model layers

Alluvium (Qa)

alluvial deposits surrounding the major rivers

Quaternary basal alluvial sediments surrounding the rivers and regolith (weathered rock)
Alluvium (Qa)/Regolith elsewhere 2
Overburden strata between the base of weathering and the top of the Bayswater seam - can include
seams, but mostly sandstone, claystone and/or siltstone 3
Jerrys Plain Bayswater all the Bayswater Seams plys including the upper Bayswater 1, upper Bayswater 2 and 4
sub-group seam Lower Bayswater at Liddell - also includes interburden between these seams
. strata between the base of the Bayswater seam and the top of the Upper Pikes Gully
bl seam (includes Lemington Seam) g
interburden strata between the base of the Bayswater seam and the top of the Upper Pikes Gully 6
seam including Lemington seam
%I:lrl)g Slzl:ris Upper Pikes Gully seam plys 7
interburden strata between the base of the upper Pikes Gully seam and the top of the middle Pikes 8
Gully Seam
Middle and . . .
lower Pikes strata between the top of the middle Pikes Gully seam and the base of the lower Pikes 9
g o— Gully seam including interburden between the two seams
Permian
(Wittingham Coal Measures) Vane interburden  strata between the base of the lower Pikes Gully seam and the top of the Arties seam 10
sub-group Arties seam  all Arties seams plys including the Arties A, Arties B, Arties L1 and Arties L2 at Liddell o
interburden  strata between the base of the Arties seam and the top of the Liddell seam 12
Liddell seam all Liddell seam plys in Sections A and B including Liddell A1, Liddell Parting, Liddell
Sections A&  B1, upper Liddell B2 and lower Liddell B2 at Liddell - also includes interburden
B between seam plys 13& 14
Liddell seam all Liddell seam plys in Section C including upper Liddell C1, lower Liddell C1 at
Section C Liddell, and interburden between seams 15
Liddell seam all the Liddell seams plys in Section D including upper Liddell D1, lower Liddell D1 at
Section D Liddell, and interburden between the two seams 16
interburden all strata between the base of the Liddell seam Section D and the top of the Barrett
Seam 17

Australasian Groundwater and Environmental Consultants Pty Ltd
Groundwater Impact Assessment - Glendell Continued Operations Project (G1874C) | AppendixB | 15



all the Barrett seams plys including the Barrett A, upper Barrett B, middle Barrett B,
Barrett seam lower Barrett B, Barrett C1, Barrett C2 and Barrett D at Liddell, and interburden
between seams 18

interburden  all strata between the base of the Barett Seam and the top of the Hebden Seam 19

all the Hebden seam plys, including upper Hebden and lower Hebden at Liddell and

H .
ebden seam interburden between seams -

Saltwater Creek Formation  upper section of the Saltwater Creek Formation 21
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Figure B4 Oblique view of model layers looking from south to north

Figure B5 Oblique view of model layers - cut through project area
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B 2.4.4 Geological structures

The model domain is extensive and therefore includes some known, and many likely unidentified
structures including intrusions and faults. The geological structures and the potential influence on the
groundwater regime are discussed in the main report in Section 4.2.3. In the Project area the main
geological structures are the:

e Camberwell Anticline which runs through the centre of the Project;

e Cutback Fault, which is west of the Camberwell Anticline and is reverse fault with an
approximate 3 m to 5 m displacement;

o Block Fault Zone, is a zone of faults in the north of the Project area some 250 m to 300 m wide
with typical fault displacements of less than 12m;

o Hunter Valley Dyke, which is north of the Project area with a typical intrusive thickness of up to
15 m; and

e Davis Creek Fault which separates the Liddell open cut mine for the adjacent abandoned Liddell
underground mine.

The structures are shown in Figure 4-7 in the main report. The Camberwell Anticline structure is
represented within the numerical model through the Permian model layers defined in the Glendell
geological model.

The Davis Creek Fault and an un-named dyke identified at Liddell Mine were also represented in the
numerical model. At Liddell Mine these structures have been observed to act as barriers to groundwater
flow and were therefore included in previous updates to the groundwater model represented with the
Horizontal Flow Barrier (HFB) Package.

The Cutback Fault, the Block Fault Zone or the Hunter Valley Dyke were not represented within the
model as no explicit evidence exists as to their influence on the groundwater regime. Whilst the faults
were not represented directly in the basecase model the influence of the faults was evaluated through a
sensitivity analysis (refer Section B 5.4).

B 2.4.5 Timing

The model timing was updated to more finely divide time allowing improved representation of the
progress of mining and the seasonal variability in groundwater levels from climate. The calibration
involved an initial steady state calibration to obtain pre-mining conditions, followed by a transient
history matching using water level measurements from the monitoring network. The transient model
was set up as follows:

e Lastday of 1979 - steady state stress period;

e 1980 to 1999 - 4 x five yearly stress periods (transient here and after);
e 2000 to 2002 - 1 x three yearly stress period;

e 2003 to 2008 - 12 x six monthly stress periods; and

e 2009 to 2045 - 148 x quarterly stress periods.

Quarterly stress periods were introduced to the model so that some seasonal variability in recharge and
stream flows could be represented where data was available for the calibration period. The drains
representing mining were advanced in quarterly intervals and turned off after being active for 3.5 years
to reflect the advancement of the mine face and the progressive backfilling of the open-cuts with spoils,
or goafing of longwall mining areas.
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An additional version of the model was developed for simulating recovery after mining ceased at the
Project in 2045. Both models were combined into a single, continuous simulation with one finishing and
the other starting at the beginning 2045. The timing for the recovery model was set up as a
24 exponentially increasing transient stress periods, aligning with a surface water balance model being
used to simulate recovery of water with the final void. The ATS (Adaptive Time Stepping) function was
used applying a 1.4x multiplier/divisor, with an initial time-step length of 10% of the total stress period
length.

B 2.4.6 Mining progression

As noted previously there are numerous mining operations situated within the model domain.
The representation of approved mining in the model was based on the detailed mine schedules
introduced to the model for previous projects. This approved and planned future mining was reviewed
and updated for the Glencore operations. The 3D staged plans for the Project area were used to create
an annual mine progression for the Project. Table B 3 indicates the coal seams targeted at each mining
operation within the model domain and the corresponding model layer. The simulation of approved
mining in the model was based on the mine schedules developed for approval of surrounding operations
and updated with using staged plans developed for the Project area using pit shells and schedules
provided by Glencore.
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LO1
L02
LO3
L04
LO5
L06
L07
L08
L09
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21

Table B3  Model