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COMMONLY USED ACRONYMS / ABBREVIATIONS

Australian Drinking Water Guidelines
Australian Height Datum

below ground level

Bureau of Meteorology

NSW Crown Lands & Water (now Lands and Water - NSW Department of
Industry)

CRA Exploration Pty Ltd

cumulative rainfall deviation

Department of Environment and Science (QLD)
Director General's Requirements

Department of Planning, Industry and Environment

NSW Department of Resources and Energy (now Department of Regional
NSW — Mining, Exploration and Geoscience)

Drain Cell (MODFLOW)

electrical conductivity

Environment Protection Authority
Evapotranspiration Cell (MODFLOW)

Food and Agricultural Organisation of the United Nations
groundwater dependent ecosystems
Graphical User Interface

horizontal flow boundary

Kingsgate Consolidated Limited

Light detection and ranging

Long Term Average Annual Extraction Limits

Mining Lease
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OEH Office of Environment and Heritage

PAF potentially acid forming

RC Reverse Circulation

RCH Recharge (MODFLOW)

RIV River Cell (MODFLOW)

RMS root mean square

SCSC Specialist Consultant Studies Compendium
SEARSs Secretary’s Environmental Assessment Requirements
SILO Scientific Information for Landowners

SKM Sinclair Knight Merz

SSD State Significant Development

SWL Standing Water Level

TDS total dissolved solids

TSF tailings storage facility

USGS United States Geological Survey

WAL water access licence

WEL Well Cell (MODFLOW)

WRE waste rock emplacement
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EXECUTIVE SUMMARY

Bowdens Silver Pty Ltd proposes to develop and operate the Bowdens Silver Project (the
Project), located approximately 2.5 km northeast of Lue and approximately 26 km southeast of
Mudgee, in New South Wales. The Project would mine epithermal silver deposits hosted in the
Rylstone Volcanics and would incorporate a conventional open cut pit where overburden/waste
rock is removed from above and around the silver-zinc-lead ore and either used for on-site
construction activities or placed in the out-of-pit waste rock emplacement (WRE) or the southern
barrier.

Mining operations are planned to be undertaken over 15.5 years. A maximum open cut pit depth
at 456 m Australian Height Datum (AHD) would be reached in Year 9 of operations. Other
sections of the main open cut pit would be developed to a depth of 460mAHD and two satellite
open cut pits would be developed to an elevation of 565mAHD and 580mAHD.

The proposed tailings storage facility (TSF) for the Project is a down-valley discharge style of
tailings deposition with deposited tailings impounded against a down-stream embankment. The
tailings slurry would be pumped from the processing plant via a pipeline to one of three discharge
points and would comprise approximately 56% solids, with an average daily discharge of decant
water to the TSF of 4 300 m®/day. Decant water would be reclaimed from a decant pond located
at the upstream face of the TSF embankment and returned to the processing plant. Seepage
control measures at the TSF would include grouting of the rock foundations beneath the TSF
embankment, compacted clay lining of the tailings impoundment area and partial lining of the
decant pond area.

Water supply for the project would include a combination of surface water collected on-site, mine
dewatering, reuse of water reclaimed from the TSF and water sourced under agreement from
the Ulan Coal Mine and/or Moolarben Coal Mine and brought to Mine Site via a dedicated
pipeline.

Extensive baseline monitoring of groundwater levels and quality have been undertaken for the
Project, as have numerous investigations including drilling and monitoring bore installation and
hydraulic testing, airlift testing and packer testing of resource exploration holes and test pumping
of existing water supply wells.

A numerical groundwater model has been built for the purposes of assessing mine dewatering
requirements and informing a groundwater assessment for the project. Model geometry and
hydraulic parameters in and around the mining area have been based on extensive drilling and
hydraulic testing, with model calibration to the extensive groundwater monitoring data set.

Once mining advances below the water table during the second year of mining, dewatering
requirements are predicted to steadily increase until the open cut pit reaches a depth of
525mAHD at the end of Year 4, with average inflows of the order of 3.5 ML/day. Predicted
dewatering rates then drop off as the open cut pit cuts back and expands at higher elevations.
For the remainder of mining, predicted inflows range from 2 to 3 ML/day.

Mine dewatering would result in drawdown of groundwater levels in the formations surrounding
the open cut pit area. Drawdown propagation would be initially fairly rapid as the pit is mined to
its lowest level at the end of Year 9 of mining. Drawdown propagation would then slow down
over the remaining mine life. At the end of mining, propagation of drawdown, as represented by
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the predicted 1 m drawdown contour, is typically of the order of 1.5 km to the east and south,
2 km to the west and 2.2 km to the north of the open cut pit. During mining, drawdown to the
northwest is attenuated due to mounding beneath the TSF, with maximum mounding of the order
of 8 m.

Following the completion of mining, a pit lake would form in the mine void. Equilibration of net
inflows and evaporative losses from the pit is predicted after approximately 100 years at an
elevation of approximately 573.5 m AHD, 16.5 to 26.5 m below the pre-mining water table. This
indicates that the mine void would remain a groundwater sink. A groundwater sink develops
when net losses (in this case due to evaporation) are greater than the net inflow and as a result
groundwater is continually flowing towards the pit lake. Mine closure management measures
include allowance for diverting of surface flows around the pit to ensure that it remains a
groundwater sink. The salinity of the pit lake would increase due to evaporative concentration.
Salinity is predicted to increase to approximately 2 000 mg/L TDS at 100 years post mining and
to 5375 mg/L TDS by 500 years post mining. Being a groundwater sink, the resulting saline
water would remain captured within the mine void.

An assessment of potential impacts of the Project has been made against the Minimal Impacts
Considerations of the NSW Aquifer Interference Policy. The project is demonstrated to meet the
Level 1 Minimal Impact Considerations, including potential water level and water pressure
impacts to other groundwater users and to groundwater dependent ecosystems, and water
quality impacts. In accordance with the Aquifer Interference Policy, the predicted impacts of the
Project are considered to be acceptable.

Mine dewatering take has been partitioned between the applicable groundwater and surface
water sources, including allowance for incidental surface water take through baseflow reduction.
The maximum predicted annual take from each of the applicable water sources, and therefore
the volume of share components for each of the water sources required to be held during mining
are as follows.

e Lachlan Fold Belt Groundwater Source (Other) — 907 ML
e Sydney Basin Groundwater Source — 194 ML
o Lawsons Creek Water Source — 12.9 ML

Groundwater take would occur in perpetuity as groundwater inflow to the main pit lake would
continue to occur to replace evaporative losses from the main pit lake.

The Project has secured the option to purchase water access licences through the 2017
Controlled Allocation Order (Various Groundwater Sources), to the value of 907 unit shares in
the Lachlan Fold Belt Groundwater Source (equivalent to 907 ML/year) and 194 unit shares in
the Sydney Basin Groundwater Source (equivalent to 194 ML/year). This is sufficient to cover
the peak predicted dewatering requirement over the life of the mine and exceeds the predicted
annual average dewatering requirement from each of the groundwater sources.
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1. INTRODUCTION

Bowdens Silver Pty Ltd (Bowdens Silver) proposes to develop and operate the Bowdens Silver
Project (the Project), located approximately 2.5 km northeast of Lue and approximately 26 km
southeast of Mudgee, in New South Wales. The Project would mine epithermal silver deposits
hosted in the Rylstone Volcanics and would incorporate a conventional open cut pit where
overburden/waste rock is removed from above and around the silver-zinc-lead ore and either
used for on-site construction activities or placed in the out-of-pit waste rock emplacement or the
southern barrier. The mined ore would be transported by haul trucks to the on-site processing
plant where it would be crushed, milled and processed to liberate the silver, zinc and lead
minerals. These minerals would be collected by conventional froth flotation to produce two
concentrates that would be dewatered and transported off site by truck. The residual materials
from processing (tailings) would be pumped in the form of a slurry to a tailings storage facility
located to the west of the open cut pit.

The principal infrastructure supporting the Project would be located within a proposed Mine Site
that would cover an area of approximately 1 000 hectares (ha) with the open cut pit, processing
area, tailings storage facility, WRE and ancillary components resulting in the disturbance of
approximately 420 ha. The mine life is expected to be 15.5 years with an annual processing
throughput of up to 2 million tonnes.

The proposed Mine Site layout is provided on Figure 1. Key components of the Project that
would potentially impact on groundwater include:

e open cut mining;
e tailings storage facility (TSF); and

e waste rock emplacement (WRE).

A maximum open cut pit elevation of 456 m AHD (approximately 150 to 200 m below natural
ground level) would be reached in Year 9 of operations. Other sections of the main open cut pit
would be developed to a depth of 460mAHD and two satellite open cut pits would be developed
to an elevation of 565mAHD and 580mAHD.

For the purposes of this assessment reference is made to the “Mine Site”, as displayed in
Figure 1 and the “study area” comprising the Mine Site and the surrounding area, typically up
to 10km from the Mine Site.

The Project would require a site establishment and construction period of approximately
18 months during which the processing plant and all related infrastructure and the initial
embankment of the TSF would be constructed. Once operational, Bowdens Silver anticipates
the mine would produce concentrates for approximately 15 years. In total, it is proposed the mine
life would be approximately 16.5 years, i.e. from the commencement of the site establishment
and construction stage to the completion of concentrate production. It is envisaged rehabilitation
activities would be completed over a period of approximately 7 years, i.e. from Year 16 to
Year 23. Figure 2 displays the duration of each of the main components throughout the mine
life and Project life.
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Figure 1
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Indicative Mine Site Layout
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Figure 2 Mine Life and Project Life
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Water supply of approximately 0.5 ML/d to 1.0 ML/d would be required for site establishment
and construction, principally for dust suppression and achieving the optimum moisture content
in those components or areas where compaction is required. Water during this period would be
drawn from on-site groundwater bores and water storages. During operation, water demand will
be required primarily for ore processing and dust suppression, with an average annual daily
water demand of approximately 5 ML. During operations water would be sourced preferentially
from on-site sources such as site dams, return water from the TSF, mine dewatering, and on-
site surface water harvesting. Additional make up water would also be sourced from a third party
via a purpose-built pipeline.

11 HISTORY OF EXPLORATION IN THE AREA

The Bowdens deposit was first discovered in 1989 by CRA Exploration Pty Ltd (CRA) during a
regional stream sediment exploration program in which anomalous silver, lead and zinc and high
bulk cyanide leachable silver were detected up to 1.5 km from the deposit. Although
mineralisation is exposed at the surface, it is not visible in the host rocks. Between 1989 and
1992 CRA undertook exploration activities which resulted in the discovery of the Bowdens Gift
Zone of outcropping mineralisation, 500m east of the discovery outcrops.

In 1994, GSM Exploration took over the exploration lease, and in 1997 GSM was acquired by
Silver Standard Australia Pty Limited (Silver Standard). Silver Standard undertook a detailed
geological and resource evaluation of the deposit through an extensive drilling program. At that
time, a reserve of 59 million tonnes (Mt) at 49 g/t Ag equivalent was established for the reserve.

In October 2011, Kingsgate Consolidated Limited (KCN) purchased the exploration leases of the
Bowdens Silver Project from Silver Standard. Open cut optimisation studies were completed and
indicated a mineable ore reserve of 46 Mt.

In June 2016, Bowdens Silver purchased Kingsgate Bowdens Pty Limited thereby acquiring the
Bowdens Silver deposit with a mineable ore reserve of 88 Mt including 134 million ounces of
silver (64 g/t Ag equivalent).

An Ore Reserve Statement, compliant to the 2012 JORC standard, was completed for Bowdens
Silver deposit in May 2018 by AMC Consultants Pty Ltd. This Ore Reserve Statement was based
upon on data from almost 84,000 m of drilling in 653 drill holes that comprised both diamond drill
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hole (70%) and reverse circulation (30%) information sourced from both recent Bowdens Silver
and previous drilling undertaken by KCN, GSM Exploration, Silver Standard and CRA. Based
on the open cut pit optimisation studies and ultimate open cut pit design studies, the recoverable
primary and low grade ore within the proposed open cut pit is estimated to be approximately
29.9 million tonnes at an average grade of 69g/t silver, 0.44% zinc and 0.32% lead. This
corresponds to total in situ quantities of approximately 66.3 million oz of silver, 130 000t of zinc
and 95 000t of lead.

The Bowdens Silver deposit is currently the largest undeveloped silver deposit in Australia.

1.2 SECRETARY’S ENVIRONMENTAL ASSESSMENT REQUIREMENTS

All mining projects in NSW must be assessed under the Environmental Planning and
Assessment Act 1979 (EP&A Act 1979). The Project is classified as a State Significant
Development (SSD) in accordance with the State Environmental Planning Policy (State and
Regional Development) 2011. An Environmental Impact Statement must be prepared in
response to requirements set out by the Secretary of the NSW Department of Planning, Industry
and Environment (DPIE). These requirements are known as the Secretary’s Environmental
Assessment Requirements (SEARs) and were formerly known as the Director-General’s
Requirements (DGRS).

The SEARs for the Project (SSD7565), were originally issued to Bowdens Silver on
23 December 2016. The SEARs are prepared in consultation with relevant State and local
government agencies and take into consideration concerns and issues raised by community
groups and individuals. The SEARs have been modified on two occasions, initially on 15 August
2017, with the most recent version issued on 21 June 2019.

The key issues relating to groundwater, as identified in the SEARS, including relevant agency
and individual issues are provided on Table 1. Table 1 also includes direction to the relevant
section(s) within this report as to where the issue has been addressed.

Table 1
Coverage of SEARs and Additional Requirements
Page 1 of 10
Coverage in
Relevant Requirement(s) Report
Secretary’s Environmental Assessment Requirements
The EIS must include an assessment of:
¢ the likely impacts of the development on the quantity and quality of the region’s Section 6, See

surface and groundwater resources (including but not limited to, Lawsons Creek SCSC - Part 6
and Price Creek), having regards to EPA’s, DPI's and OEH’s requirements; and

o the likely impacts of the development on aquifers, watercourses, riparian land,
water-related infrastructure and other water users.

While not exhaustive, Attachment 1 Extract (below) contains a list of some of the -
environmental planning instruments, guidelines, policies, and plans that may be
relevant to the environmental assessment of this development.
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Table 1 (Cont’d)
Coverage of SEARs and Additional Requirements

BOWDENS SILVER PTY LIMITED
Bowdens Silver Project
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Page 2 of 10

Relevant Requirement(s)

Coverage in
Report

Secretary’s Environmental Assessment Requirements (Cont’d)

Attachment 1 Extract

e Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock
Groundwater Sources

e Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater

Sources

¢ Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water

Sources

Section 2.1.2.1

e Water Sharing Plan for the Macquarie-Cudgegong Regulated Rivers Water

Source

Not relevant

o NSW State Groundwater Policy Framework Document (NOW)

Not relevant

¢ NSW State Groundwater Quality Protection Policy (NOW) Section 2.1.5
¢ NSW State Groundwater Quantity Management Policy (NOW) Not relevant
o NSW Agquifer Interference Policy 2012 (NOW) Section 2.1.4,

Section 6.3
¢ Australian Groundwater Modelling Guidelines 2012 (Commonwealth) Section 5

o National Water Quality Management Strategy Guidelines for Groundwater
Protection in Australia (ARMCANZ/ANZECC)

Section 4.5.12.5

Relevant Requirements Nominated by Other Government Agencies

Department of
Primary
Industry —
Water
19/12/14

Details of the water to be taken (including through inflow and
seepage) from each surface and groundwater source as defined by
the relevant water sharing plan.

Section 5.3.5,
Section 5.3.5.7

Assessment of any volumetric water licensing requirements
(including those for ongoing water take following completion of the
project such as evaporative loss from open voids or inflows).

The identification of an adequate and secure water supply for the life
of the project. Confirmation that water can be sourced from an
appropriately authorised and reliable supply. This is to include an
assessment of the current market depth where water entitlement is
required to be purchased.

Section 7

Applicability of any exemptions under the Water Management
(General) Regulation 2011 to the project

N/A

A detailed and consolidated site water balance

Surface Water
Assessment

An assessment of impacts on surface and groundwater sources
(both quality and quantity), related infrastructure, adjacent licensed
users, basic landholder rights, watercourses, riparian land and
groundwater dependent ecosystems (GDESs) and measures
proposed to reduce and mitigate these impacts

Section 6 and 8

Full technical details and data of all surface and groundwater
modelling and an independent peer review.

Section 5.3.1 to
5.3.3,5.3.6
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Table 1 (Cont’d)
Coverage of SEARs and Additional Requirements
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Page 3 of 10

Coverage in
Relevant Requirement(s) Report
Relevant Requirements Nominated by Other Government Agencies (Cont’d)
Department of | Proposed surface and groundwater monitoring activities and Section 8.2
Primary methodologies.
Industry — Proposed management and disposal of produced or incidental EIS
Water water. Section4.7.4.4
(109/12t/§)4 Details surrounding the final landform of the site, including final void | EIS Section 2.16

on

management (where relevant) and rehabilitation measures.

and 4.6.8.5

Assessment of any potential cumulative impacts on water
resources, and any proposed options to manage the cumulative
impacts.

Section 5.1.6.3

Consider relevant Legislation, Water Sharing Plans, Policies and
Guidelines.

Legislation

e Water Management Act 2000 (WMA) and Water Act 1912. In Section 2.1.2
particular, Objects (s.3) and Water Management Principles (s.5)
of the WMA.
Policies and Guidelines
e NSW Aquifer Interference Policy (2012) Section 2.1.4
e NSW Water Extraction Monitoring Policy (2007) Section 6.3
e NSW Groundwater Policy Framework Document — General Section 2.1.5
(August 1997)
e NSW Groundwater Quality Protection Policy (1998) Section 2.1.5
e NSW State Groundwater Dependent Ecosystem Policy (2002) Section 6.1.2
e Australian Groundwater Modelling Guidelines (2012) Section 5.3
e Risk Assessment Guidelines for Groundwater Dependent Section 6.1.2

Ecosystems (2012)

Water Sharing Plans

e Water Sharing Plan for the NSW Murray-Darling Basin
Fractured Rock Groundwater Sources

e Water Sharing Plan for the NSW Murray-Darling Basin Porous
Rock Groundwater Sources

Section 2.1.2.1

Water Sharing Plan for the Macquarie Bogan Unregulated and
Alluvial Water Sources

Section 2.1.2.1

Department of | The EIS is required to include the following issues relating to water: EIS Section
Primary e Identify water demand and determine whether an adequate and 2.10.1and
Industry — secure water supply is available for the Project; 4.7.4.6
Water « Identify water sources (surface and groundwater), water See SCSC -
12/12/16 disposal/discharge methods and water storage structures in the Part 6

form of a detailed and consolidated water balance.

e Assessment of any potential cumulative impacts on water Section 5.1.6.3

resources, and any proposed options to manage the cumulative

impacts
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Page 4 of 10

Coverage in
Relevant Requirement(s) Report
Relevant Requirements Nominated by Other Government Agencies (Cont’d)
Environment | Describe the proposal including position of any intakes and EIS Section
Protection discharges, volumes, water quality and frequency of all water 2.10.1
Authority discharges.
13/12/16

Demonstrate that all practical options to avoid discharge have been
investigated and implemented and outline measures that have been
taken to reduce the pollutant load of the discharge so that the
environmental impact minimised where a discharge is necessary.

EIS Section 4.7.4

Provide a water balance...including water requirements (quantity,
quality and source(s)) and proposed storm and wastewater disposal,
including type, volumes, proposed treatment and management
methods and re-use options.

SCSC Part 6

If the discharge requires treatment prior to disposal, any treatment
measures should be described and the predicted water quality
outcomes documented. Include a detailed process
diagram/flowchart of the proposal specifying all water inputs, outputs
and discharge points.

Main EIS Section
4.7.4,4.7.5.4 and
SCSC Part 6
Figure 4.2

Describe the existing surface and groundwater quality. An
assessment must be undertaken for any water resource likely to be
affected by the project.

Sections 4.5.12
and 6

Where the proponent intends to undertake the assessment using
site specific water quality trigger values, detail the water quality of a
reference site that has been selected based on the site specific
considerations outlined in ANZECC (2000).

Section 8.3

State the Water Quality Objectives for the receiving waters relevant
to the proposal...Where groundwater may be impacted the
assessment should identify appropriate groundwater environmental
values.

N/A

State the indicators and associated trigger values or criteria for the
identified environmental values.

Section 8.3

State any locally specific objectives, criteria of targets which have
been endorsed by the NSW Government.

N/A

Provide detailed water management strategies for all disturbance
areas, paying particular attention to the waste rock emplacement
areas and potential impacts to groundwater and off site surface
water resources including particular reference to the management of
channel and overland flows into and within the disturbance area.

EIS Section
4.7.4.4

Determine and detail the tailings management and monitoring
strategy and dam design to be implemented, including an
assessment of the potential impacts of tailings storage on surface
and groundwater resources, contingency plans in the event of a leak
or seep, rehabilitation and the long term management and
feasibility.

EIS Section 2.8,
A5.7 and A5.10.7

Assess any irrigation areas proposed for wastewaters produced in
accordance with the EPA Guideline “The Use of Effluent by
Irrigation”.

Not relevant
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Table 1 (Cont’d)
Coverage of SEARs and Additional Requirements
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Page 5 of 10
Coverage in
Relevant Requirement(s) Report
Relevant Requirements Nominated by Other Government Agencies (Cont’d)
Environment | Describe how predicted impacts on surface water, groundwater and | 4.6.8, 4.7.6 and
Protection aguatic ecosystems will be monitored and assessed over time, 411.7
Authority including monitoring locations, relevant parameters and sampling
13/12/16 frequency. The EIS should:
(Cont'd) ¢ Include a ... response management plan, to identify appropriate
trigger values and criteria and provide appropriate response
actions if impacts are identified through the monitoring program.
¢ Identify the process for identifying any trends in the monitoring Section 8.3
data obtained.
This EIS should assess impacts on groundwater and GDEs. The Section 4.5.4
assessment should be guided by the principles in The NSW State
Groundwater Policy Framework Document (DLWC,1997).
Assessment and Management of Groundwater Contamination
(DEC, 2007) provides guidance on assessing and managing
groundwater contamination. Assess impacts against relevant water
quality guidelines for:
e potentially impacted environmental values and beneficial uses
using local Water Quality Objectives;
e contamination, such as investigation levels specified in National Section 6.2
Environment Protection Measure Guideline on the Investigation
Levels for Soil and Groundwater (EPHC, 1999).
NSW Division |Assess potential impacts to groundwater associated with mine Section 6
of Resources |operations and any bore field proposed for water supply purposes.
& Energy Include long term recovery patterns of groundwater and any bearing
01/03/13 these may have on subsequent land use.
NSW Division |Assess surface water flow and flooding regimes and how these will See SCSC -
of Resources |be impacted and mitigated by the project both during and after Part 6
& Energy mining has ceased. This is to include an evaluation of potential
23/01/15 impacts from the final void on both surface and groundwater quality
and flow regimes.
NSW Division |Where a void is proposed to remain as part of the final landform, Section 5.3.5.6,
of Resources |include...outcomes of the surface and groundwater assessments in See SCSC -
& Energy relation to the final water level in the void. This should include an Part 6
23/12/16 assessment of the potential for fill and spill along with measures
required to be implemented to minimise associated impacts to the
environment and downstream water users.
Office of The EIS must map the following features relevant to water ... See SCSC -
Environment |including: Part 6
and Heritage |, Rivers, streams, wetlands, estuaries (as described in Appendix 2
13/12/16 of the Framework for Biodiversity Assessment).
e Groundwater. Section 4.5
e GDEs
e Proposed intake and discharge locations.
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Page 6 of 10
Coverage in
Relevant Requirement(s) Report
Relevant Requirements Nominated by Other Government Agencies (Cont’d)
Office of The EIS must describe background conditions for any water
Environment  |resource likely to be affected by the development, including:
and Heritage |, Existing surface and groundwater.
13/12/16 ] ] ) ) ,
(Cont'd) e Hydrology, including volume, frequency and quality of discharges Section 4.5
at proposed intake and discharge locations.
e Water Quality Objectives (as endorsed by the NSW Government
¢ Including groundwater as appropriate that represent the Section 8.3.7
community’s uses and values for the receiving waters.
The EIS must assess the impacts of the development on water
quality, including:
e The nature and degree of impact on receiving waters for both .
; Section 6.2 and
surface and groundwater, demonstrating how the development SCSC — Part 6
protects the Water Quality Objectives where they are currently —rar
being achieved, and contributes towards achievement of the
Water Quality Objectives over time where they are currently not
being achieved. This should include an assessment of the
mitigating effects of proposed stormwater and wastewater
management during and after construction.
¢ Identification of proposed monitoring of water quality
Mid-Western Ensure water usage complies with applicable criteria with reference EIS Section
Regional to Water Sharing Plans. 4.7.2.6
Council - L . :
14;82/13 Assess the potential impact to water availability during times of EIS Sections
drought. 4.6.8.4,4.6.9,
4.7.7.2
Mid-Western | The assessment clearly identifies the source of water, amount EIS Section
Regional required and proposed method of reticulation to the mine site. 2.10.1 and
Council 4.7.4.6
15/01/15
Department of | A detailed assessment against the NSW Aquifer Interference Policy Sections 6.3
Primary 2012. and 2.1.4,
Industry — Annexure 1
Water . . . — .
Details on all bores and excavations for the purpose of investigation, Section 4.5
19/12/14 . . - o .
extraction, dewatering, testing and monitoring. All predicted
groundwater take must be accounted for through adequate
licensing.
Where groundwater is expected to be intercepted or impacted, the
following requirements should be used to assist the groundwater
assessment for the proposal.
e The known or predicted highest groundwater table at the site.
o Works likely to intercept, connect with or infiltrate the
groundwater sources.
e Any proposed groundwater extraction, including purpose,
location and construction details of all proposed bores and
expected annual extraction volumes.
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Table 1 (Cont’d)
Coverage of SEARs and Additional Requirements
Page 7 of 10
Coverage in
Relevant Requirement(s) Report

Relevant Requirements Nominated by Other Government Agencies (Cont’d)

Department of |e Bore construction information is to be supplied to DPI Water by
Primary submitting a “Form A” template. DPI Water will supply “GW”
Industry — registration numbers (and licence/approval numbers if required)
Water which must be used as consistent and unique bore identifiers for
19/12/14 all future reporting.

(Cont'd) e A description of the water table and groundwater pressure Sections 4.5 and
configuration, flow directions and rates and physical and 5
chemical characteristics of the groundwater source (including
connectivity with other groundwater and surface water sources).

¢ Sufficient baseline monitoring for groundwater quantity and
quality for all aquifers and GDEs to establish a baseline
incorporating typical temporal and spatial variations.

e The predicted impacts of any final landform on the groundwater
regime.

e The existing groundwater users within the area (including the
environment, any potential impacts on these users and
safeguard measures to mitigate impacts.

e An assessment of groundwater quality, its beneficial use Sections 4.5, 5
classification and prediction of any impacts on groundwater and 8
quality.

¢ An assessment of the potential for groundwater contamination
(considering both the impacts of the proposal on groundwater
contamination and the impacts of contamination on the
proposal).

e Measures proposed to protect groundwater quality, both in the
short and long term.

¢ Measures for preventing groundwater pollution so that
remediation is not required.

e Protective measures for any GDEs.
e Proposed methods of the disposal of waste water and approval Not Relevant

from the relevant authority.
e The results of any models or predictive tools used. Section 5.3
Where potential impact/s are identified the assessment will identify Section 8
limits to the level of impact and contingency measures that would
remediate, reduce or manage potential impacts to the existing
groundwater resource and any dependent groundwater environment
or water users, including information on:

¢ Any proposed monitoring programs, including water levels and
quality data.

¢ Reporting procedures for any monitoring program including a
mechanism for transfer of information.

e An assessment of any groundwater source/aquifer that may be
sterilised from future use as a water supply as a consequence of
the proposal.

¢ Identification of any nominal thresholds as to the level of impact
beyond which remedial measures or contingency plans would be
initiated (this may entail water level triggers or a beneficial use
category).
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Page 8 of 10

Coverage in
Relevant Requirement(s) Report
Relevant Requirements Nominated by Other Government Agencies (Cont’d)
Department of |e Description of the remedial measures or contingency plans 46.8.4
Primary proposed.
Industry —  Any funding assurances covering the anticipated post 4.6.8.2
Water development maintenance cost, for example on-going
19/12/14 groundwater monitoring for the nominated period.
(Cont'd)
Greater Assess potential impacts to groundwater bores from proposal Sections 6.1.1

¢ |dentify any potential impacts on GDEs as a result of the
proposal including:

— the effect of the proposal on the recharge to groundwater
systems;

— the potential to adversely affect the water quality of the
underlying groundwater system and adjoining groundwater
systems in hydraulic connections; and

— the effect on the function of GDEs (habitat, groundwater
levels, connectivity).

¢ Provide safeguard measures for any GDEs.

Western Area |including depth of the open cut mine and effect and disruption to and 2.1.4,

Health Service |aquifers. Table 4

24/01/13 Describe what preventative controls will be put into place to prevent Section 8
contamination of these aquifers.

Department of | Assess the impact to the availability and quality of the school's bore Section 6.1.1

Education and |water supply from nearby mining activities during construction and

Communities |operation periods.

13/02/13

NSW Office of | The EIS must consider the potential impacts on GDEs at the site Section 6.1.2

Water and in the vicinity of the site and:

19/12/14

Relevant Requirements Nominated by Lue and District Community

Groundwater Monitoring

Baseline levels in groundwater and surface water of the following.

Sections 4.5.11

heavy metals?

¢ Metals e.g. arsenic. and 4.5.12,

e pH. See SCSC —
] ) ] ) Part 6

e Aguatic species populations (using AUSRIVAS).

Will background groundwater quality data include concentrations of lead and other Annexure 6

How many bores will be monitored?

Will any private bores be monitored?

Section 4.5.11
and 8.2
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Relevant Requirement(s)

Coverage in
Report

Relevant Requirements Nominated by Lue and District Community (Cont’d)

Groundwater Monitoring (Cont’d)

What parameters will be monitored (e.g. pH, metals) and what kind of changes to

Section 4.5.11

national modelling guidelines?

How rigorous is the groundwater modelling? Is it based on assumptions or real-world
data?

Is 6 years data sufficient to inform assessment and base modelling on?

How many peer reviews will be conducted?

How can we be sure groundwater levels and quality are rigorously assessed prior to
mining?

water quality could be expected? and 4.5.12,

Baseline levels in groundwater and surface water of metals e.g. arsenic and pH. Annexure 6

Will groundwater monitoring only occur within the footprint of the mine or will a

broader area be considered?

Will historical groundwater sampling data be made available?

Will the suitability of groundwater for drinking be assessed in the EIS?

Will ongoing monitoring of groundwater quality and levels be implemented? Section 8.2.1

Will groundwater monitoring be self-reported or independent/audited? 4.6.8

Will groundwater monitoring results be made available on the website? See EIS
Appendix 5
Table A3.5

Groundwater Modelling

Will the groundwater model used in the assessment be a “Class 3 Model” under Section 5.3

Mine Dewatering

How much groundwater does Bowdens Silver propose to extract during the
developmental and operational phases of the Project? Is this sustainable?

Section 5.3.5.1,
5.3.5.2 and See

Is soluble arsenic in groundwater likely to increase from tailings seepage?

Where will groundwater entering the pit end up? SCSC - Part 6
Will mining activities result in the drawdown of groundwater?

TSF

Use of a double thickness HDPE liner for the Tailings Storage Facility. Section 8.4

Groundwater Impacts — Level and Quality

Potential impacts to groundwater supplies including impact on any highly productive
groundwater (as defined in the Aquifer Interference Policy) and any potential GDEs.

What effect will there be on local bores? (Effects to the water table)

Sections 6.1, 6.2
and 6.3

What is the area of impact for groundwater levels and quality?

| am relieved that our bore will be outside of the drawdown area

Will mining activities impact on the quality of groundwater?

Sections 6.1, 6.2
and 6.3
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Relevant Requirement(s)

Coverage in
Report

Relevant Requirements Nominated by Lue and District Community (Cont’d)

Groundwater Impacts — Level and Quality (Cont’d)

We rely on our groundwater bores — how can we be sure there will be no impacts to
our supply?

We are concerned about groundwater quality and the potential for contamination.
How likely is this and what will be done to prevent it?

Is it likely that there will be a build-up of nitrates in the groundwater?

Potential impacts to groundwater supplies including impact on any highly productive
groundwater (as defined in the Aquifer Interference Policy) and any potential
groundwater dependent ecosystems.

Groundwater Impacts — Surface Flows

What will be the effects of groundwater drawdown on flows in Lawsons Creek,

Section 5.3.5.7

becomes unusable or depleted?

especially during droughts? and Section
We are concerned about reduced flows in Lawsons Creek as a result of groundwater 6.1.3
flowing into the open cut pit See SCSC -
Will groundwater drawdown impact the flow of Lawsons Creek? Part 6
You will have a drawdown of the groundwater — will it impact on Lawsons Creek?

Mitigation and Management

What mitigation strategies will be implemented to reduce impacts to groundwater? Section 8
Are there any “make good” provisions for surrounding landowners if groundwater Section 6.1.1

1.3 OBJECTIVES AND LAYOUT

The purpose of this report is to collate available groundwater data to present the existing
groundwater conditions within the vicinity of the Mine Site, assess how these existing conditions
may be affected as a result of operating the Project, and predict the potential impacts that may

be caused to groundwater receptors.

This groundwater assessment is divided into the following sections.

e Section 2 - Legislation and Policy. Details the relevant legislation regarding

management of groundwater in NSW, as it pertains to the Project.

e Section 3 - Previous Investigation. A summary of investigations and learning as a
result of prior groundwater studies undertaken over the history of the Project.

e Section 4 - Existing Environment. Describes the existing physical environment that
has potential to influence and control the groundwater regime, including climate,
topography, surface water features, and geology. This section also includes
information on local groundwater levels, water quality, and sensitive groundwater
receptors, and outlines the monitoring programmes that are in place to provide the

relevant baseline groundwater data.
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Section 5 - Groundwater Modelling. This section summarises the results of
hydrogeological investigations and establishes the Conceptual Hydrogeological
Model. The Conceptual Hydrogeological Model has been developed to present the
real-world groundwater regime in a simplified representation that can be readily
applied for the demonstration of potential impacts as well as being transposed
numerically in order to quantify and assess the potential regional groundwater
impacts that may arise as a consequence of the Project.

The establishment and implementation of a transient numerical groundwater model
to predict groundwater responses arising from the development of the Project is
described. The results of the transient numerical groundwater model present the
estimated groundwater inflows to the open cut, and resulting groundwater
drawdown, that are predicted over the life of mine, and post closure.

Section 6 - Impact assessment. This section assesses the potential impacts of the
predicted groundwater responses with respect to other groundwater users, GDEs,
baseflow to surface water features, and water quality. The predicted impacts are
then assessed in regard to the minimal impact considerations of the NSW Aquifer
Interference Policy and specific SEARSs as required.

Section 7 - Licencing Requirements. The groundwater and surface water licencing
requirements relating to groundwater inflow to the mining operation are determined
including the partitioning of the volumetric water take between the various water
sources (groundwater and surface water) as required. It is noted that the water
supply for the Project would likely comprise a combination of groundwater inflow
to mining operations (addressed in this report), harvesting of surface water
(addressed in the Surface Water Assessment — see Volume 2, Part 6 of the
Specialist Consultant Studies Compendium (SCSC)), as well as externally sourced
water (third party supply). The externally sourced water would comprise a piped
water supply from the Ulan Coal Mine and/or Moolarben Coal Mine.

Section 8 - Monitoring and Management. This section outlines the proposed
monitoring network and management measures to address the potential
groundwater related impacts during construction and mining as identified in the
impact assessment section.
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2. LEGISLATION AND POLICY

This section presents relevant legislation regarding management of groundwater in NSW, as it
pertains to the Project.

2.1 NEW SOUTH WALES LEGISLATION
2.1.1 Water Management Act 2000

The Water Management Act 2000 (WMA 2000) presents the framework for sustainable and
integrated water management in NSW and its objectives are:
¢ to apply the principles of ecologically sustainable development;

e to protect, enhance and restore water sources, their associated ecosystems,
ecological processes and biological diversity and their water quality;

e to recognise and foster the significant social and economic benefits to the State
that result from the sustainable and efficient use of water, including:

benefits to the environment;

benefits to urban communities, agriculture, fisheries, industry and recreation;

- benefits to culture and heritage;

benefits to the Aboriginal people in relation to their spiritual, social, customary
and economic use of land and water.

e to recognise the role of the community, as a partner with government, in resolving
issues relating to the management of water sources;

e to provide for the orderly, efficient and equitable sharing of water from water
sources;

e to integrate the management of water sources with the management of other
aspects of the environment, including the land, its soil, its native vegetation and its
native fauna;

e to encourage the sharing of responsibility for the sustainable and efficient use of
water between the Government and water users; and

e to encourage best practice in the management and use of water.

The primary instruments applied to achieve these objectives are Water Sharing Plans and
associated regulations and policies.

2.1.2 Water Sharing Plans
Water Sharing Plans, prepared under Section 50 of the WMA 2000, provide the basis for

equitable sharing of surface water and groundwater between water users, including the
environment.
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The majority of water sources in NSW are covered by a Water Sharing Plan. If an activity leads
to a take from a groundwater or surface water source covered by a Water Sharing Plan, then an
approval and / or licence is required. In general, the WMA 2000 requires:

e awater access licence (WAL) to take water;
e a water supply works approval to construct a work; and

e awater use approval to use the water.

Where an activity leads to a take from a groundwater or surface water source not covered by a
Water Sharing Plan or consists of an activity not specifically addressed by the WMA 2000, then
the activity is managed through the Water Act 1912. In such cases, the Water Act 1912 requires:

¢ alicence to extract groundwater or surface water using any type of work; and

e a water supply work approval to construct a work.

It is noted that, as the Project is considered to be a State Significant Development, under Section
4.41 (1g) of the EP&A Act 1979 the authorisation provided by a water use approval under section
89 of the WMA 2000, a water management work approval under section 90 of the WMA 2000
or an activity approval (other than an aquifer interference approval) under section 91 WMA 2000
are not required. Rather, this authorisation is provided by a development consent.

21.21 Relevant Water Sharing Plans

For surface water, the Project is included in the Water Sharing Plan for the Lawsons Creek Water
Source of the Macquarie Bogan Unregulated and Alluvial Water Sources, 2012.

For groundwater, the Project resides within the following water sharing plans:

e Sydney Basin Groundwater Source of the NSW Murray Darling Basin Porous Rock
Groundwater Sources, 2011; and

e Lachlan Fold Belt Groundwater Source of the NSW Murray Darling Fractured Rock
Groundwater Sources, 2011.

The Plan Maps for the NSW Murray Darling Basin Porous and Fractured Rock Groundwater
Sources or Water Source of the Macquarie Bogan Unregulated and Alluvial Water Sources do
not indicate any alluvial sources in the vicinity of the Project. Any small, unmapped alluvial
deposits that overlie porous or fractured rocks are subject to the provisions of the porous or
fractured rock groundwater source on which they occur.

Water Sharing Plan boundaries relevant to the Project are provided on Figure 3 and Figure 4.
The Water Sharing Plans would govern any direct or incidental groundwater or surface water
‘take’ arising from the Project during construction, operation, and post closure.

Table 2 and Table 3 present a summary of the Long Term Average Annual Extraction Limits
(LTAAELSs) for the relevant groundwater source water sharing plans.

There is currently a moratorium in place on issuing new WALSs in NSW for commercial purposes.
Where WALSs are required, they would be purchased on the market, or via controlled allocation
orders, as appropriate.
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Figure 4 Water Sharing Plan Boundaries and Groundwater Sources
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Table 2
Share Component of Unregulated River and Current Allocations (2019/2020)
Share Water made Unallocated

Water Source and Water | Component available Water
Sharing Plan (ML/year) No. WALs (ML/year) (ML/year)
Lawsons Creek Water
Source of the Macquarie 1575 36 (Unregulated River) 1443
Bogan Unregulated and 53 12 (Domestic and Stock) 53
Alluvial Water Sources.

Table 3

Groundwater Long Term Extraction Limits and Current Allocations (2019/2020)

Water Made Unallocated
Groundwater Source and LTAAEL Available Water
Water Sharing Plan (ML/year) No. WALs (ML/year) (ML/year)
Sydney Basin Groundwater
Source of the NSW Murray .
Darling Basin Porous Rock 60 443 30 (Aquifer) 5443 55 000
Groundwater Sources
Lachlan Fold Belt 1024 (Aquifer) 67 231.7
Groundwater Sou_rce of the 6 (Town Supply) 467.4
NSW Murray Darling 875 652 . 805 296
Fractured Rock Groundwater 36 (Local water Utility 24205
Sources 1 (Salinity Management) 236.0
2.1.3 Water Access Licence Rules

Individual Water Sharing Plans contain rules surrounding the granting and management of
access licences, as well as rules regarding the access licence dealings. Key rules for each of
the Water Sharing Plans are summarised as follows.

21.31 Sydney Basin Groundwater Source of the NSW Murray Darling Basin
Porous Rock Groundwater Sources, 2011

Assessment of Average Annual Extraction against the Long-term Average Annual
Extraction Limit

o Growth in extractions would be assessed against the long-term average annual
extraction limit over a three year period with a 5 per cent tolerance.

e Assessments would commence in the fourth year of the plan.

o Assessment of the groundwater storage extraction limit would commence in the
second year after the first supplementary water (storage) access licence is
granted.
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Available Water Determinations

Available water determinations will be made at the commencement of each water
year for:

— Stock and domestic, local and major water utilities and specific purpose access
licences — 100 per cent of share component

— Supplementary water (storage) access licences — 100 per cent of share
component

— Agquifer access licences — 1ML/unit share or lower amount as a result of a
growth in extraction response.

Granting of Access Licences

Carryover

Take Limit

Granting of new WALs may be considered for the following categories:
— Local water utility, major water utility, domestic and stock and town water supply

— These are specific purpose access licences in clause 19 of the Water
Management (General) Regulation 2011.

— Supplementary water (storage) access licences

— These access licences may only be granted if the Minister is satisfied that there
is insufficient unassigned water to make further controlled allocation orders.

Aquifer (Aboriginal cultural), up to 10 ML/year

Granting of WALs may also be considered as part of a controlled allocation order
made in relation to any unassigned water in this water source.

Up to 25 per cent of entitlement can be carried over.

— No carry-over is allowed for domestic and stock, local water utility or special
purpose access licences.

The maximum amount of water permitted to be taken in any one water year is the
water allocation accrued in the water access account for that water year including
carry-over from the previous year, adjusted for allocation assignments out of or into
individual accounts.

To Minimise Interference between Neighbouring Water Supply Works

Water supply works (bores) are not to be granted or amended within the following
distances of existing bores:

— 400 metres from an aquifer access licence bore on another landholding
— 100 metres from a basic landholder rights bore on another landholding
— 500 metres from a local or major water utility access licence bore

— 200 metres from a Dol-Water monitoring bore

— 200 metres from a property boundary.

The plan lists circumstances in which these distance conditions may be varied.
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To Protect Bores Located near Contamination

Water supply works (bores)are not to be granted or amended within:
— 250 metres of contamination identified within the plan

— between 250 metres and 500 metres of contamination as identified within the
plan unless no drawdown of water will occur within 250 metres of the
contamination

— a distance greater than 500 metres of contamination as identified within the
plan if necessary to protect the water source, the environment or public health
or safety.

The plan lists circumstances in which these distance conditions may be varied and
exemptions from these rules.

To Protect Bores Located near Sensitive Environmental Areas

Water supply works (bores) used solely for extracting basic landholder rights are
not to be granted or amended within:

— 100 metres of high priority GDEs listed in the plan
— 40 metres of the top of bank of a river or stream.

Bores not used solely for extracting basic landholder rights are not to be granted
or amended within:

— 200 metres of a high priority GDE listed in the plan

— greater than 200 metres of a high priority GDE listed in the plan if the bore is
likely to cause drawdown at the perimeter of any high priority GDE listed in the
plan

— 500 metres from a high priority karst or escarpment
— 40 metres from the top of the high bank of a river or stream.

The plan lists circumstances in which these distance conditions may be varied and
exemptions to these rules.

To Protect Groundwater Dependent Culturally Significant Sites

Water supply works (bores) are not to be granted or amended within the following
distances of groundwater dependent culturally significant sites:

— 100 metres for basic landholder rights bores
— 200 metres for bores not used solely for extracting basic landholder rights.

The plan lists circumstances in which these distance conditions may be varied and
exemptions from these rules.

To Manage the use of Existing Bores within Restricted Distances

Existing water supply works (bores) can continue extraction of groundwater with
the maximum annual amount extracted equivalent to the shares nominated at the
commencement of the plan within:

— 500 metres of contamination listed in the plan

— any of the distance restrictions listed above.
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To Manage Local Impacts

e The Minister may prohibit or restrict the taking of water from a water source in order
to manage local impacts in groundwater sources, where required to:

— maintain or protect water levels in an aquifer

— maintain, protect or improve the quality of water in an aquifer
— prevent land subsidence or compaction in an aquifer

— protect GDEs

— maintain pressure or to ensure pressure recovery, in an aquifer.

Trading into Water Source

e Not permitted.

Trading within Water Source
e Permitted

— subject to any applicable local impact management restrictions.

Conversion to another Category of Access Licence
¢ Not permitted:

— except those allowed under the Minister’s Access Licence Dealing Principles.

Trading between States

¢ Not permitted:

213.2 Lachlan Fold Belt Groundwater Source of the NSW Murray Darling
Fractured Rock Groundwater Sources, 2011

Assessment of Average Annual Extraction against the Long-term Average Annual
Extraction Limit

e Growth in extractions would be assessed against the long-term average annual
extraction limit over a three year period with a five per cent tolerance.

e Assessments would commence in the fourth year of the plan.

Available Water Determinations

e Available water determinations would be made at the commencement of each
water year for:

— stock and domestic, local and major water utilities and specific purpose access
licences — 100 per cent of share component.

— aquifer access licences — one megalitre per unit share or lower amount as a
result of a growth in extraction response.
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Granting Access Licences

Carryover

Take Limit

Granting new WALs may be considered for the following categories:

— local water utility, major water utility, domestic and stock and town water supply,
and salinity and water table management.

— These are specific purpose access licences in clause 19 of the Water
Management (General) Regulation 2011.

— aquifer (Aboriginal cultural), up to 10 megalitres per year.

Granting of WALs may also be considered as part of a controlled allocation order
made in relation to any unassigned water in this water source.

Up to 10 per cent of entittement can be carried over.

The maximum amount of water permitted to be taken in any one water year is the
water allocation accrued in the water access account for that water year including
carryover from the previous year, adjusted for allocation assignments out of or into
individual accounts.

Minimising Interference between Neighbouring Water Supply Works

Water supply works (bores) are not to be granted or amended within the following
distances of existing bores:

— 400 metres from an aquifer access licence bore on another landholding
— 200 metres from a basic landholder rights bore on another landholding
— 500 metres from a local or major water utility access licence bore

— 400 metres from a Dol-Water monitoring bore

— 200 metres from a property boundary.

The plan lists circumstances in which these distance conditions may be varied.

Protecting Bores located near Contamination

Water supply works (bores) are not to be granted or amended within:
— 250 metres of contamination identified within the plan

— between 250 metres and 500 metres of contamination as identified within the
plan unless no drawdown of water would occur within 250 metres of the
contamination

— a distance greater than 500 metres of contamination as identified within the
plan if necessary to protect the water source, the environment or public health
or safety.

The plan lists circumstances in which these distance conditions may be varied and
exemptions from these rules.
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Protecting Bores Located near Sensitive Environmental Areas

Water supply works (bores) used solely for extracting basic landholder rights are
not to be granted or amended within:

— 100 metres of high priority GDE listed in the plan
— 40 metres of the top of the high bank of a river or stream.

Bores not used solely for extracting basic landholder rights are not to be granted
or amended within:

— 200 metres of a high priority GDE listed in the plan

— greater than 200 metres of a high priority GDE listed in the plan if the bore is
likely to cause drawdown at the perimeter of any high priority GDE listed in the
plan

— 500 metres from a high priority karst or escarpment
— 40 metres of the top of the high bank of a river or stream.

The plan lists circumstances in which these distance conditions may be varied and
exemptions to these rules.

Protecting Groundwater Dependent Culturally Significant Sites

Water supply works (bores) are not to be granted or amended within the following
distances of groundwater dependent cultural significant sites:

— 100 metres for basic landholder rights bores
— 200 metres for bores not used solely for extracting basic landholder rights.

The plan lists circumstances in which these distance conditions may be varied and
exemptions from these rules

Managing the Use of Existing Bores within Restricted Distances

Existing water supply works (bores) can continue extraction of groundwater with
the maximum annual amount extracted equivalent to the shares nominated at the
commencement of the plan within

— 500 metres of contamination listed in the plan

— any of the distance restrictions listed above.

Managing Local Impacts

The Minister may prohibit or restrict the taking of water from a water source in order
to manage local impacts in groundwater sources, where required to:

— maintain or protect water levels in an aquifer

— maintain, protect or improve the quality of water in an aquifer
— prevent land subsidence or compaction in an aquifer

— protect GDEs

— maintain pressure, or to ensure pressure recovery, in an aquifer.
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Trading into Water Source

e Not permitted.

Trading within Water Source

e Permitted
— subject to any applicable local impact management restrictions

— unless the dealing would result in the total extraction authorised under access
licences from the Lachlan Fold Belt MDB (Mudgee) Management Zone
exceeding the limit authorised at the commencement of the plan.

Conversion to another Category of Access Licence

e Not permitted:

— except those allowed under the Minister’'s Access Licence Dealing Principles.

Trading between States

e Permitted:
— where there is an interstate agreement for such dealings

— such arrangements are specified in the Minister's Access Licence Dealing
Principles.

2133 Lawsons Creek Water Source of the Macquarie Bogan Unregulated and
Alluvial Water Sources, 2012

Cease to Pump

e Pumping is not permitted from natural pools when the water level in the pool is
lower than its full capacity.

Trading into Water Source

¢ Not permitted.

Trading within Water Source

o Permitted within the water source, subject to assessment.

It is noted that, for incidental water take as may result from mine dewatering, the cease to pump
rules do not apply. Section 53 (1) of the Water Sharing Plan for the Macquarie Bogan
Unregulated and Alluvial Water Sources states... “This clause applies to the taking of water
under an access licence from the Macquarie Bogan Unregulated Water Sources, excluding the
taking of water under an access licence used only to account for the taking of water in
association with an aquifer interference activity.”

2.1.4 NSW Aquifer Interference Policy

The NSW Aquifer Interference Policy (AIP) (NSW Office of Water, 2012) presents the
requirements of the assessment of aquifer interference activities administered by the WMA
2000.
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Key components to the AIP are:

o All water taken must be properly accounted for within the extraction limits set by
the relevant Water Sharing Plan. A water licence is required whether water is taken
either incidentally or by consumptive use. The AIP also requires consideration of
the continued take of groundwater or connected surface waters following cessation
of an aquifer interference activity.

e In addition to licencing requirements, the WMA 2000 includes the concept of
ensuring “no more than minimal harm”, and the AIP establishes a number of
minimal impact considerations relating to water level, water pressure, and water
quality. Minimal impact considerations are assigned according to the aquifer
category and whether the aquifer is “highly productive” or “less productive”.

e The AIP also requires planning for contingency or mitigating measures in the event
that actual impacts are greater than predicted, including making sure there is
sufficient monitoring in place.

Both the Sydney Basin Groundwater Source of the NSW Murray Darling Basin Porous Rock
Groundwater Sources and the Lachlan Fold Belt Groundwater Source of the NSW Murray
Darling Fractured Rock Groundwater Sources are considered to be highly productive aquifers
based on the AIP criteria (NSW Office of Water, 2012) of:

e has total dissolved solids of less than 1,500 mg/L; and

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

While not detailed in the Plan Maps of the associated Water Sharing Plans, shallow alluvial
deposits are present in the vicinity of Hawkins and Lawsons Creeks. Drilling along Hawkins
Creek has recorded alluvial thickness ranging from 4 m to 6 m with variable saturation, and these
alluvial deposits are not considered to be highly productive on the basis of the AIP yield criteria.
Notwithstanding, thicker saturated sequences of alluvium still have potential to be highly
productive and the alluvial deposits will be considered as such for the purposes of the AIP.

For each of the highly productive and less productive groundwater sources, thresholds for key
minimal impact considerations have been developed. These thresholds deal with water table
and groundwater pressure drawdown as well as groundwater and surface water quality changes.

Key minimal impact considerations for the highly productive alluvial, porous rock and fractured
rock aquifers are provided in Table 4.

The minimum impact considerations for water quality refer to the beneficial use category of the
groundwater source. Beneficial use categories are outlined in the NSW Groundwater Quality
Protection Policy (refer Section 2.1.5 below).

The NSW Government (Dol Water) provides a checklist for assessment under the AIP that is
provided in Annexure 1.

Assessment of the Project against the AIP Minimal Impacts Considerations is provided in
Section 6.1.
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Table 4
Level 1 Minimum Impact Considerations — Highly Productive Groundwater Sources
Page 1 of 3
Water
Source Water Table Water Pressure Water Quality
Alluvial 1. Lessthanorequaltoa1l0% |A cumulative pressure |Any change in the
Aquifer cumulative variation in the head decline of not more | groundwater quality

water table, allowing for
typical climatic post-water
sharing plan variations, 40
metres from any:

(a) high priority GDE or
(b) high priority culturally
significant site

listed in the schedule of the
relevant water sharing plan, or

A maximum of a 2m water table
decline cumulatively at any water
supply work.

than 40% of the post-
water sharing plan
pressure head above
the base of the water
source to a maximum of
a 2m decline, at any
water supply work.

should not lower the
beneficial use category of
the groundwater source
beyond 40 metres from
the activity.

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.

No mining activity to be
below the natural ground
surface within 200m
laterally from the top of
high bank or 100m
vertically beneath (or the
three dimensional extent
of the alluvial water
source - whichever is the
lesser distance) of a
highly connected surface
water source that is
defined as a reliable water
supply.

Not more than 10%
cumulatively of the three
dimensional extent of the
alluvial material in this
water source to be
excavated by mining
activities beyond 200
metres laterally from the
top of high bank and 100
metres vertically beneath
a highly connected
surface water source that
is defined as a reliable
water supply.
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Table 4 (Cont’d)
Level 1 Minimum Impact Considerations — Highly Productive Groundwater Sources

Page 2 of 3
Water
Source Water Table Water Pressure Water Quality
Porous 1. Less than or equal to 10% 1. A cumulative 1. Any change in the
Rock Water cumulative variation in the pressure head groundwater quality
Sources water table, allowing for typical decline of not more should not lower the
climatic “post-water sharing than a 2m decline, at beneficial use
plan” variations, 40m from any any water supply category of the
(a) high priority GDE, or work. groundwater source
(b) high priority culturally |2 If the predicted beyond 40m from the
significant site, pressure head activity.
listed in the schedule of the decline |s.greater 2. If condition 1 is ngt
relevant water sharing plan. than requirement 1. met .then appropriate
above, then studies would be
A maximum of a 2m decline appropriate studies required to
cumulatively at any water supply are required to demonstrate to the
work. demonstrate to the Minister’s satisfaction
2. If more than 10% cumulative Minister's that the change in
variation in the water table, satisfaction that the groundwater quality
allowing for typical climatic decline would not would not prevent the
“post-water sharing plan” prevent the long- long-term viability of
variations, 40m from any: term viability of the the dependent
(a) high priority GDE; or affected water eF:osystem, significant
] o supply works unless site or affected water
(b) high priority culturally make good supply works.

significant site; provisions apply.

listed in the schedule of the
relevant water sharing plan then
appropriate studies (including the
hydrogeology, ecological
condition and cultural function)
would be required to demonstrate
to the Minister’s satisfaction that
the variation would not prevent
the long-term viability of the
dependent ecosystem or culturally
significant site.

If more than 2m decline
cumulatively at any water supply
work then make good provisions
should apply.
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Page 3 of 3
Water
Source Water Table Water Pressure Water Quality
Fractured 1. Less than or equal to 10% 1. A cumulative 1. Any change in the
Rock Water cumulative variation in the pressure head groundwater quality
Sources water table, allowing for decline of not more should not lower the
typical climatic “post-water than a 2m decline, at beneficial use
sharing plan” variations, 40m any water supply category of the
from any: work. groundwater source
(a) high priority GDE; or 2. If the predicted be¥°,“d 40m from the
(b) high priority culturally pressure head actvit.
significant site: decline is greater 2. If condition 1 is not
) i than requirement met then appropriate
listed in the schedu!e of the 1.(a) above, then studies would be
relevant water sharing plan. appropriate studies required to
A maximum of a 2m decline are required to demonstrate to the
cumulatively at any water supply demonstrate to the Minister’s satisfaction
work. Minister’s that the change in
2. If more than 10% cumulative satisfaction that the groundwater quality
variation in the water table, decline would not would not prevent the
allowing for typical climatic prevent the long- long-term viability of
“post-water sharing plan” term viability of the the dependent
variations, 40m from any: affected water ecosystem, significant
. . supply works unless site or affected water
(@) high priority GDE; or make good supply works.
(b) high priority culturally provisions apply.
significant site;
listed in the schedule of the
relevant water sharing plan then
appropriate studies would be
required to demonstrate to the
Minister’s satisfaction that the
variation would not prevent the
long-term viability of the
dependent ecosystem or
significant site.
If more than 2m decline
cumulatively at any water supply
work then make good provisions
should apply.
2.1.5 NSW Groundwater Quality Protection Policy

The NSW Groundwater Quality Protection Policy (DLWC, 1998) objectives are:

e All groundwater systems should be managed such that their most sensitive
identified beneficial use (or environmental value) is maintained.

e Town water supplies should be afforded special protection against contamination.
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e Groundwater pollution should be prevented so that future remediation is not
required.

e For new developments, the scale and scope of work required to demonstrate
adequate groundwater protection shall be commensurate with the risk the
development poses to a groundwater system and the value of the groundwater
resource.

e A groundwater pumper shall bear the responsibility for environmental damage or
degradation caused by using groundwaters that are incompatible with soil,
vegetation or receiving waters.

¢ GDEs will be afforded protection.

¢ Groundwater quality protection should be integrated with the management of
groundwater quantity.

e The cumulative impacts of developments on groundwater quality should be
recognised by all those who manage, use, or impact on the resource.

e Where possible and practical, environmentally degraded areas should be
rehabilitated and their ecosystem support functions restored.

The following beneficial uses, or environmental values, are adopted by the NSW Groundwater
Quiality Protection Policy:

e ecosystem protection

e recreation and aesthetics

e raw water for drinking water supply
e agricultural water

e industrial water.

Specific water quality characteristics are determined on a case-by-case basis with due
consideration of existing site conditions and uses within each beneficial class.

2.1.6 Water Act 1912

The Water Act 1912 (Water Act) is being progressively phased out across NSW and replaced
by the WMA 2000.

The Water Act is relevant where an activity leads to a take from a groundwater or surface water
source not currently covered by a Water Sharing Plan, or for aquifer interference activities such
as temporary construction dewatering.

There are also some relevant residual provisions under the Water Act such as the requirement
under Part 5 to obtain a groundwater licence to install a monitoring piezometer, however, there
is an exemption to this requirement through the Water Management (General) Regulation 2011
for piezometers installed as part of an environmental assessment for consideration under the
EP&A Act 1979.
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2.1.7 Protection of the Environment Operations Act 1997

The Protection of the Environment Operations Act 1997 (PoEO Act 1997) is the key piece of
environment protection legislation administered by the NSW Environment Protection Authority
(EPA).

Relevant features of this legislation include:
e protection of the environment policies (PEPS);

e integrated environment protection licensing; and
e regulation of scheduled and non-scheduled activities:

— The EPA is the regulatory authority for scheduled activities (activities declared
under Schedule 1 of the POEO 1997)

— The EPA is also the regulatory authority for non-scheduled activities, where
activities are undertaken by a public authority.
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3. PREVIOUS INVESTIGATIONS

A number of previous groundwater investigations have been undertaken at the Mine Site and
are briefly summarised below. These investigations collectively form a substantial body of work
that has been collated and incorporated into the current assessment. Investigations have
included the undertaking of a regional bore census, installation of a groundwater monitoring
network, and hydraulic testing, and form the foundation of the available groundwater information
for the Project.

Salient information from previous investigations are summarised in the following sections.

3.1 COFFEY, 1998

Bowdens Silver Project Pre-Feasibility Water Supply Study. Undertaken by Coffey Partners
International Pty Ltd for Silver Standard.

o Desktop hydrogeological investigation into potential Project water supplies from
surface water and groundwater sources.

¢ No site-specific investigations were undertaken.
e Conclusions of the investigation are summarised as follows:

— The initial search should be focused on both surface and groundwater supplies
in relatively close proximity to the then Bowdens Silver project area.

— The highest recorded yield from an alluvial aquifer noted as 3.2L/s from a bore
in Lawsons Creek.

— The highest recorded yield from a ‘hard rock’ aquifer noted as 4.6L/s from a
35m-deep shale-hosted bore near Lue. However, yields from fractured aquifers
in the district were noted to be generally less than 1.1L/s in bores up to about
110m deep.

— Potential was noted for moderate groundwater yields from alluvial aquifers in
the local area.

3.2 HYDROILEX, 2003

Hydrogeological Investigation, Groundwater Supply for the Bowdens Silver Project. Undertaken
by Hydroilex Pty Ltd for Silver Standard.

o Desktop hydrogeological investigation into potential project water supplies from
groundwater sources. No site-specific investigations were undertaken.

¢ |dentified several areas within the region with the potential of producing moderate
to high yields of groundwater and nominated a number of sites within each area
for potential drilling and test bores. Target areas included:

— Hard rock targets in the local area peripheral to the then Bowdens Silver
project.

— Hard rock targets south-southeast of Lue associated with the Walkers Lane
Fault system.

— Alluvial and hard rock targets associated with the Lawsons Creek alluvial
system and occurrences of karst limestone between Havilah and Mirrimer
approximately 10km west of Lue.
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3.3 JEWELL, 2003

Hydrogeological Assessment, Bowdens Silver-Lead-Zinc Deposit. Undertaken by CM Jewell
and Associates Pty Ltd for Silver Standard.

¢ Review of local groundwater and surface water conditions, including pumping tests
undertaken on two boreholes (BGR230 and BGR299).

¢ Key findings were as follows:

Groundwater encountered during mineral exploration drilling was
predominantly within the Rylstone Volcanics.

Groundwater occurrence in the Rylstone Volcanics unit and within the
underlying basement rocks of then Bowdens Silver project area is primarily
controlled by the presence of secondary porosity due to faulting/fracturing and
weathering.

Water level survey indicated a general southerly groundwater flow direction.

Groundwater quality ranged from neutral to acidic (pH 3.78 to 7.09), with salinity
(as electrical conductivity) fresh to brackish (500 to 2400 uS/cm).

Surface water quality was found to be acidic to mildly acidic (pH 4.66 to 6.3),
with salinity predominantly fresh (130 to 680 uS/cm).

Groundwater heavy metal concentrations at a number of locations exceeded
the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZG, 2018) (the ANZ Guidelines), (95% level of protection for species in
freshwater ecosystem) for iron, arsenic, manganese, lead, and zinc, and in
surface water for iron, manganese, and zinc.

A 2-hour pumping test was completed on BGR299 and a 45.5 hour pumping
test was completed on BGR230.

Formation permeability estimates ranged from 0.24 to 0.49 m/day, with test
results indicating an aquifer of limited extent.

Initial analytical dewatering estimates indicate that mine inflows would be less
than the long term project water requirement.

Drawdown impacts were expected to be localised with minimal impacts to
regional hydrogeology.

Due to potential acid generating materials and increased concentrations of
heavy metals, any stored waters, particularly within the tailings dam, should be
subjected to treatment prior to discharge.

3.4 MERRICK, 2011

An Assessment of Existing Groundwater conditions at the Bowdens Silver Mine Site near Lue,
NSW. Undertaken for KCN.

o Desktop hydrogeological investigation and review of previous groundwater
investigations and overview of the current legislation.
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3.5

Presented proposed groundwater monitoring network for the collection of baseline
monitoring data.

Key findings are as follows:

— Distinguished two main aquifer systems: an alluvial colluvial aquifer and a
substantial fractured rock aquifer system.

— The dominant groundwater use from the local aquifers is for stock and domestic
purposes. Bores accessing the Limestone at Lue are well represented. Within
a 5 km radius, 78% of bores are located near the township of Lue, and most
likely target the Limestone aquifer in association with the Walkers Lane Fault.

— Prior inflow estimates of up to 2 ML/day considered unlikely to be sustainable
with longer term average inflow rates likely to be less than 0.5ML/day.

— Alternative water supplies would be required to be sourced and alluvial supplies
unlikely to be approved.

— A groundwater monitoring network was proposed comprising of at least seven
(7) monitoring bores converted from exploration holes and utilising additional
privately-owned registered bores with at least two holes (P7 and BPD2)
installed as multi-level vibrating wire piezometers.

— Recommendation to obtain additional hydraulic data through hydraulic testing
of new monitoring bores and undertaking testing on core samples to determine
hydraulic conductivity and effective porosity.

SKM, 2013

Bowdens Groundwater Monitoring Network, Bore Installation. Undertaken by Sinclair Knight
Merz Pty Limited for KCN.

Factual report detailing the installation and testing of a groundwater monitoring
network. A total of 24 observation bores at 16 sites were installed as part of the
monitoring network with holes ranging in drilled depth from 5 m to 198 m.

All of the monitoring bores constructed in the Rylstone Volcanics were found to be
of low yield (less than 1 L/s), which was consistent with the conclusions of Coffey
(1998). The exception was BGW44, which was screened in volcanic breccia and
yielded approximately 2 L/s during airlift and was expected to be capable of higher
yields when pumped.

Monitoring bores constructed in the fractured rock aquifer associated with the
underlying Ordovician shale aquifer were generally also low yielding (less than 1
L/s), the exceptions being BGW50, located on the alluvial flat associated with
Hopkins Creek and BGW27. These holes indicated yields of approximately 2 to 3
L/s during airlift.

Seven bores were installed to investigate the Shoalhaven Group sediments.
Formation thicknesses of 8 to 52m were encountered and in all instances the
formation was unsaturated.
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A total of 36 slug tests (useable) were completed and analysed on 14 bores, with
the following results:

Hydraulic conductivity evaluated in the sandstone/siltstone ranged from 0.21 to
1.9 m/d,

Hydraulic conductivity of the shale ranged from 0.08 to 1.4 m/d, with the
exception of BGW46 which is significantly lower,

Hydraulic conductivity of the Rylstone Volcanics (undifferentiated) ranged from
5.3x10%to 1.3 m/d, and

Hydraulic conductivity of the crystal tuff at BGW42 ranged from 0.04 to
0.05 m/d.

Four pumping tests were undertaken, with one test of 2 hours duration and three
tests of 4 hours duration. Results are summarised as follows:

One of these bores was installed in the Rylstone Volcanics and displayed a
range in hydraulic conductivity values of 0.05 to 0.2 m/day.

Two bores in Ordovician basement returned pumping test results indicating a
range in hydraulic conductivity of 1x10 to 1.7 m/day.

JACOBS, 2014

Bowdens Project Aquifer testing 2014. Undertaken by Jacobs Group (Australia) Pty Ltd for
Kingsgate Bowdens Pty Ltd.

Factual report detailing the long-term test pumping undertaken at two boreholes
(BGW10 and BGW108), with tests undertaken for 72 hours duration.

Key findings and conclusions were as follows:

Estimated aquifer parameters at BGW10 suggest a fracture network within the
target aquifer with transmissivity values of up to 15 m?/d. The bulk rock matrix
permeability is estimated to be much lower, with transmissivity values as low
as 6x102 m?/d. This indicates that the dominant supply of groundwater to the
well is transferred through the fracture networks at this test site.

Parameters at BGW108 suggest an absence of fracture networks, or an
absence of interconnected fracturing within the test area. Estimated
permeabilities for the aquifers fractures and bulk matrix are similar in value,
suggesting any fractures (if present) are not contributing significantly to the
water produced from pumping. Water is therefore conceptualised to be
released primarily from matrix storage, a concept which is supported by the
slow recovery of water levels after pumping has ceased (up to four weeks for
recovery to 10% of original water levels).

The aquifer testing program has shown that the aquifer underlying the then
Mine Site can be characterised as a dual-porosity fractured rock aquifer,
consistent with the existing hydrogeological conceptualisation. The fracture
network, where interconnected, may have localised permeabilities of up to four
orders of magnitude higher than the bulk rock mass. The testing program has
also shown that the fracture network is somewhat discrete within the bulk rock
mass.
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4. EXISTING ENVIRONMENT

4.1 CLIMATE

The closest Bureau of Meteorology (BoM) rainfall gauge to the study area is gauge 062062 Lue
at Bayley Street. The record for this gauge is incomplete, with data available from 1902 to 1927,
followed by an extensive data gap from 1927 to 1997, and cessation of the record at 2007.

The meteorological data relied upon for this Project has been obtained from the Scientific
Information for Landowners (SILO) database due to the incomplete BoM records. SILO is a
climate database hosted by the Science Division of the Queensland Department of Environment
and Science (DES). The data are based on historical data obtained from the BOM. SILO data
are stored as a grid that is derived by interpolating the BoM’s station records. Interpolations are
calculated by splining and kriging techniques, such that there are no original meteorological
station data left in the grid fields.

Information was obtained for the Mine Site and surrounding locality (collectively referred to as
the study area) based on extraction of meteorological data from the SILO grid within the Mine
Site (Latitude -32.65 degrees North, Longitude 149.85 degrees East, at an elevation of 594.4 m
AHD), and included interpolated temperature, rainfall, evaporation and evapotranspiration data.
It is noted that while the SILO data set extends back to 1889, only data from 1900 forward have
been used due to the limitation in Microsoft Excel in recognising dates prior to 1900. Comparison
with the limited Bayley Street rain gauge information indicates the SILO data provides a
reasonable set of long-term climate data for the study area.

Bowdens Silver maintains a meteorological station on site, located approximately 600m
northeast of the site office (Met 01). Site rainfall data from Met 01 is available from March 2013
and is compared with the SILO data on Figure 5. Figure 5 shows a strong correlation between
the Met 01 rainfall observations and SILO data. A brief period of mismatched data from
December 2017 to February 2018 is apparent, however, over the 70 month period of
observation, there is less than 1% discrepancy in total rainfall between the SILO data and the
Met 01 data.

Long term average climate data is summarised on Table 5. Rainfall and evaporation both peak
during the summer months. The average annual evaporation is approximately 1514 mm/year
which is more than twice the average rainfall rate. The average rate of evaporation exceeds the
average rate of rainfall in all months of the year except June and July.

Table 5
Long Term Average Climate Data (SILO 1900-2018)

Jan | Feb | Mar | April | May | Jun Jul | Aug | Sep | Oct | Nov | Dec

Monthly Rain (mm) 68.6| 63.8| 53.8| 43.8| 43.3| 50.0| 51.8| 50.6| 50.8| 55.7| 64.8| 64.8
Daily Min Temp ('C) | 15.0| 14.9| 125| 83| 49| 26| 14| 21| 44| 77| 107| 134
Daily Max Temp ('C) | 29.7| 28.7| 26.2| 22.2| 17.7| 14.2| 135| 152| 187| 22.4| 257| 285
Monthly Evap (mm) 222.0| 174.8| 154.8| 101.3| 62.4| 42.1| 46.9| 69.5| 99.4| 143.0| 177.9| 220.2
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Figure 6 shows the SILO annual rainfall for the study area and indicates a long-term average

annual rainfall of approximately 606 mm/year and a higher short-term average (i.e. post 2000)
of approximately 692 mm/year.

The cumulative deviation from mean monthly rainfall (cumulative rainfall residual) provides a
good indication of longer-term rainfall trends and is presented on Figure 7. For the rainfall record
from 1900, the cumulative rainfall deviation (CRD) plot shows two distinct trends, namely:

e a long period of below average rainfall (downward sloping trend) from 1900 to
1947; and

e along period of predominantly above average rainfall (upward sloping trend) from
1947 to 2017.

These long-term trends are over printed by shorter period trends of above- and below- average
rainfall, and by brief periods of predominantly average rainfall (horizontal trend) from 1947 to the
present day.

The CRD trends from 2012 are also shown on Figure 7. This period is representative of the
duration of groundwater monitoring at the Mine Site.
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Figure 6 Long Term Annual Rainfall (SILO)
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4.2 TOPOGRAPHY AND DRAINAGE

The topography of the vicinity of the Mine Site is primarily influenced by three north-south
orientated spurs with small intermediate valleys and a broad, flat valley to the south of the area
containing Hawkins Creek (see Figure 8).

The eastern spur, adjacent to the north-eastern boundary of the Mine Site, has the highest
elevation within the local area with a maximum elevation of approximately 770m AHD. The small
valley to the west of this spur, which contains Price Creek and the proposed Waste Rock
Emplacement (WRE), falls to an elevation of approximately 600m AHD before rising again to the
top of the central spur at an elevation of 660m AHD. Blackmans Gully lies to the west of the
central spur in a small valley containing Maloneys Road with elevations between approximately
590m AHD and 620m AHD. The western spur, known as Lydiard Ridge (at an elevation of up to
680m AHD), is located near the western boundary of the Mine Site, directing runoff into either
Blackmans Gully or to the west of the Mine Site. Slopes throughout the Mine Site are generally
1:6 to 1:10 (V:H) with the exception of the northeastern corner of the Mine Site that contains
relatively steep slopes approaching 1:3 (V:H) to 1:2 (V:H). The drainage lines within the small
valleys between these spurs drain to the south where they join differing sections of Hawkins
Creek which in turn joins Lawsons Creek approximately 1km from the southernmost point of the
Mine Site.

The western ridge extends southwards and joins a near east-west ridge known as the Bingman
Ridge and is a prominent local topographic feature between the Mine Site and Lue. Bingman
Ridge rises to elevations of between 630m AHD and 678m AHD. Elevations within Lue vary from
approximately 550m AHD to 600m AHD.
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Figure 7 Cumulative Rainfall Deviation with Daily Rainfall
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Figure 8 Topography and Drainage of the Study Area and Surrounds
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The Mine Site is located within the Macquarie River Basin. Local drainages are typically
ephemeral first order drainages (a stream not fed by a perennial stream). Hawkins Creek is
primarily perennial, albeit at low levels and joins Lawsons Creek just south of the Mine Site.
Lawsons Creek flows in a northwesterly direction immediately north of Lue, and then westerly
until its confluence with the Cudgegong River near Mudgee.

The first order drainage catchments present in the Mine Site are ephemeral in nature with flow
regimes indicating dependence upon local rainfall runoff and implying negligible groundwater
baseflow. A number of these drainages contain partial swamps in the upper reaches, indicating
at least semi-permanent saturation resulting from sub-surface flows (or inter-flow) through the
soil profile. These ephemeral swamps and seeps are often developed as farm dams for stock
water supply.

Downstream from these first order drainage features, the intermittent Hawkins Creek is likely
sustained by groundwater baseflow, as indicated by continued flow (or the presence of ‘water
holes’) observed during the drier seasons.

421 Stream Flow

Bowdens Silver monitor stream flow in Hawkins Creek at two V-notch weirs, BSFO1
(downstream) and BSF02 (upstream). The locations of the weirs are shown on Figure 23. Data
are available from BSFO01 from June 2013, and from BSFO02 from June 2016 and are presented
on Figure 9.

Figure 9 Hawkins Creek Flow Gauging (June 2013 to June 2018)
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Recorded flows are typically very low, with the exception of a period of high rainfall and runoff
from July 2016 through to November 2016. BSFO01 displays flow, albeit very low, for the majority
of the time with some observed periods of no flow. BSF02 typically displays no flow over the V-
notch with the exception of the high-runoff flow events.

There are no local gauging sites for Lawsons Creek, however, WRM (2020) have assessed
average flows in Lawsons Creek at approximately 19.5ML/day.

A flow duration curve for BSO1 is presented on Figure 10. Figure 10 shows flows at BSFO01 to
be typically in the range of 0.02 to 0.33 ML/day (0.2 to 3.8 L/s), with a median flow of 0.09 ML/day
(1.0 L/s).

Figure 10 BSFO1 Flow Duration Curve
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4.3 GEOLOGY

The surface geology in the vicinity of the Mine Site, from the NSW Seamless Geology dataset
(Colguhoun et al, 2019), is shown in Figure 11 and regional stratigraphy is summarised on
Table 6. The dataset represents a seamless GIS compilation of the best available vector
geology data for New South Wales, and in the vicinity of the Mine Site, is the equivalent of the
Mudgee 1:100,000 geological map sheet.

The lithological basement in the area comprises the marine metasediments of the Ordovician
Adaminaby Group and Coomber Formation of the Lachlan Orogen. In the vicinity of the Mine
Site, the Coomber Formation (approximately 460 million years old) is dominated by poorly
bedded mudstones, siltstones and arenites which have been folded and are moderately to
strongly cleaved and locally schistose. These rocks outcrop in a south-southeast trending
syncline in the west of the Mine Site and as an inlier within a low-lying area to the east of the
Bowdens silver deposit. The Coomber Formation is unconformably overlain by the flat lying to
gently dipping Early Permian Rylstone Volcanics (approximately 280 million years old), which
locally comprises (in order of deposition) crystal tuff, ignimbrite, rhyolite breccia and flow-banded
rhyolite, with a combined thickness of up to approximately 200 m.
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Table 6
Local Stratigraphy

Geologic | Stratigraphic
Province Unit Age Description
n/a Undifferentiated | Holocene / | Alluvium and colluvium of varying thickness are found at the
alluvium & Quaternary | base of most drainages in the study area. These materials are
colluvium best developed around Hawkins and Lawsons Creeks.
Recent observation bore drilling along Hawkins Creek
recorded alluvial thickness ranging from 4 m to 6 m. The
alluvium encountered during this drilling was dominated by
silty sandy gravel and clay lithology.
Sydney Narrabeen Triassic |In the study area the Shoalhaven Group is present as
Basin Group elongated hill-capping and comprises conglomerate, siltstone
llawarra Coal Permian and shgle. It overlies the Rylstone_ Volcanics only to a minpr
Measures extent in the proposed open cut pit area and more extensively
to the north. The sandstone, mudstone, claystone and coal of
Shoalhaven Permian | he |llawarra Coal Measures overlie the Shoalhaven Group
Group further north and are in turn overlain by the younger
sandstone and mudstone of the Narrabeen Group.
Rylstone Early The Rylstone Volcanics primarily consist of felsic volcanic
Volcanics Permian |breccias, ignimbrites and tuffs and range in thickness from 10
m to 200 m. As a result of hydrothermal activity at the site,
alteration has occurred causing mineralisation of the Rylstone
Volcanics leading to an epithermal-style silver-gold and base
metal deposit. The majority of silver mineralisation at the
study area is hosted by a thick zone ranging from the surface
to depths of approximately 200 m below the surface. The
Rylstone Volcanics are deposited unconformably on the
Coomber Formation.
The Rylstone Volcanics are noted as a constituent unit of both
the Sydney Basin and the Lachlan Orogen.
Lachlan Coomber Ordovician | The Coomber Formation comprises a deep marine sandstone
Fold Belt Formation and mudstone sequence, which outcrops extensively around
(Orogen) Lue. It conformably overlies the Early Ordovician Adaminaby
Group and is disconformably overlain by Late Silurian
Dungeree Volcanics, which are not represented at site.
Adaminaby | Ordovician | The Adaminaby Group comprises turbiditic quartzose
Group sandstones and mudstones, suggestive of a deep marine

depositional environment.

Source: after Colghoun et al. 2000.

The basal unit of the Rylstone Volcanics is generally represented by a thick zone of crystal tuff
up to approximately 170 m thick. The crystal tuff is generally well sorted and comprises minor
crystals and lithic clasts of altered volcanic glass fragments and rare volcanic glass shards up
to 4 mm in diameter within a very fine vitric ash groundmass. The crystal tuff consists of abundant
feldspar, minor quartz and muscovite, with rare altered mafic minerals and trace primary crystal
fragments. The crystal tuffs are overlain by a variable sequence of ignimbrites, rhyolitic breccias
and laminated tuffs. The base of this sequence is dominated by ignimbrites which generally
directly overly the crystal tuff.
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Within the ignimbrites, crystal fragments are consistent with the crystal tuff. However, volcanic
glass fragments are more common, locally forming fiamme. These fragments are set in a
vitroclastic, locally vesicular groundmass of volcanic glass. The welded nature of the ignimbrite’s
groundmass results in reduced primary porosity and permeability compared with the crystal tuff
and tuff breccia units. The ignimbrites are overlain by air-fall tuffs to the north and east of the
Bowdens silver deposit. These units vary from moderately coarse lithic tuffs to crystal lithic and
crystal tuffs with rare thin laminated layers of fine ash fall tuffs.

The volcanic breccia units of the Rylstone Volcanics are poorly sorted with sub-angular to sub-
rounded clasts of crystal and welded tuff up to 30 mm in diameter within a fine grained vitric tuff
groundmass.

The Rylstone Volcanics are unconformably overlain by the stratified sandstones and
conglomerates of the Shoalhaven Group’s Snapper Point Formation of the Sydney Basin. The
basal contact of this unit is generally marked by a thin layer of pebbly, fossiliferous sandstone.
The Snapper Point Formation is dominated by sandstone with minor zones of conglomeratic
interbeds, siltstone, shale and coal.

In the north of the Mine Site, the Shoalhaven Group is in turn overlain by the lllawarra Coal
Measures, which are overlain by the Narrabeen Group sediments. The Sydney Basins
sediments dip gently to the northeast by approximately 0.5 degrees (DolR&E, 2016).

Mapped alluvium in the vicinity of the Mine Site on Figure 11 is limited to Hawkins and Lawsons
Creeks upstream from the Mine Site boundary, however, a veneer of alluvium exists within the
Mine Site boundary associated with the Hawkins Creek floodplain.

Table 6 provides a description of the stratigraphic units in the study area and the nomenclature
adopted for this report.

43.1 Mineralisation

The majority of the silver-zinc-lead mineralisation of the Bowdens silver deposit lies within the
Rylstone Volcanics where it occurs as zones of disseminations and silicic filling of fractures.
Silver mineralisation generally occurs within tennantite, silver sulphosalts, silver sulphides, and
as native silver. Higher grade portions are associated with sulphides of iron, arsenic, lead and
zinc.

Higher grade silver mineralisation includes rare steeply dipping fracture zones which have been
interpreted to potentially represent feeder zones to the dominant flat lying disseminated
mineralisation.

Mineralisation occurs within all units of the Rylstone Volcanics including crystal tuff, volcanic
breccia and ignimbrites. The style of mineralisation varies between rock types. Mineralisation is
interpreted to be generally fracture controlled in ignimbrite units, fracture controlled and locally
disseminated in crystal tuff units, and mainly disseminated in volcanic breccias.

The bulk of the mineralisation within the Bowdens silver deposit occurs as a thick zone extending
from surface, and near surface, to vertical depths of approximately 200m. The deposit is not well
defined below this level as existing drilling data below this is limited.
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Broadly spaced deeper drilling has intersected mineralisation within the basement Coomber
Formation metasediments which commonly show abundant quartz veining.

Depth of weathering is typically shallow within the main mineralised area and saprolite is poorly
developed with hard competent lithology encountered at shallow depths. The base of oxidation
from drilling results ranges in the order of 1 to 35 m below surface with an average depth of
approximately 9 m.

4.4 STRUCTURAL GEOLOGY

The geology of the Mine Site is heavily fractured, with six major fracture sets, two of which (a
north-northwesterly trending set and an easterly trending set) primarily control the distribution of
mineralisation. Major geological structures are shown on Figure 8.

The most dominant faulting in the area is associated with the north-northwesterly structures that
are aligned with Blackmans Gully. The Blackmans Gully fault can be traced for at least two
kilometres via aerial photography and strikes parallel to the valley floor along Maloneys Road
and the low ground east of the Bowdens silver deposit.

The major fault that bounds the eastern side of the Bowdens silver deposit is not well exposed
in the vicinity of the deposit but is marked by quartz float, argillic alteration and manganese - iron
oxide filled fractures and breccias can be traced for several hundreds of metres.

A number of similarly oriented, less prominent faults have been identified which cross cut the
Rylstone Volcanics but do not persist into the Shoalhaven Group sediments. These faults are
interpreted to offset the main units of the Rylstone Volcanics units by up to approximately 100m
vertically. However, they appear to predate mineralising events and have little influence on the
distribution of mineralisation.

441 Fracture Orientation

In fractured rock aquifers, uniformly distributed fractures sets can behave as a pseudo-porous
rock aquifer with relatively uniform and isotropic groundwater flow. However, if there is a
dominant fracture orientation this can result in a preferred groundwater flow direction, or flow
anisotropy.

Dominant fracture and vein orientations derived from core logging are presented on stereonet
plots on Figure 12 and Figure 13. It is noted that the stereonet plots are presented in mine grid.
The mine grid is rotated -18 degrees (counter clockwise) from true north.

The stereonet plots the poles to the plane of the fractures, which are then contoured by
concentrations and a centroid or representative pole selected for each concentration. From
Figure 12, two dominant clusters are apparent, one in the northwestern sector (Cluster 1), and
one in the southwestern sector (Cluster 2 — comprising three sub-clusters), a third smaller
concentration (Cluster 3) is apparent to the east.
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Figure 12

Stereonet Representation of Fractures
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The two main fracture orientations cross-cut and intersect at approximately 67 degrees and are
described as follows:

e Cluster 1: One main concentration.

— Typical strike ranges from 20 to 85 degrees local, dipping 20 to 50 degrees to
the southeast.

— Average strike of 54 degrees local, dipping 36 degrees southeast.
— Average strike of 36 degrees from true north, dipping 36 degrees southeast
o Cluster 2: Three concentrations.

— Typical strike ranges from 100 to 150 degrees local, dipping 30 to 75 degrees
to the southwest to south-southwest.

— Average strike of 121 degrees local, dipping 58 degrees southeast.

— Average strike of 103 degrees from true north, dipping 58 degrees south.

4.4.2 Vein Orientation

From Figure 13,vein orientations are highly variable, and outside of the main cluster, show a
fairly uniform distribution across the stereonet. One dominant concentration (Cluster 1) is
apparent, and while a second concentration (Cluster 2) is plotted, on closer inspection, Cluster 2
is interpreted as being the over-vertical continuation of Cluster 1.

The main vein orientation is described as follows:
e Cluster 1.

— Typical strike ranges from 140 to 190 degrees local, dipping 50 degrees west
to 70 degrees east.

— Average strike of 166 degrees local, dipping 66 degrees west.

— Average strike of 148 degrees local, dipping 66 degrees southwest.

4.4.3 Nature of Fractures

From review of drill core, it is apparent that the nature of the fractures and veins vary widely. For
the most part veins and fractures appear moderately welded and tight. Some veins however
show varying degrees of clayey alteration and/or the presence of minor dissolution cavities or
vugs, and some fractures display weathering or precipitation deposits suggesting movement of
groundwater.

4.5 HYDROGEOLOGY

The Mine Site is situated in the eastern extent of the Macquarie-Bogan surface water catchment.
Regional hydrogeology is dominated by three main aquifer groups: alluvial deposits of
Quaternary age typically associated with the major drainages, the underlying basement
lithologies of the Lachlan Fold Belt, and, overlying the Lachlan Fold Belt to the east, the
sedimentary rocks of the Sydney Basin.
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Throughout the Macquarie-Bogan catchment, the dominant surface drainage direction is to the
northwest toward the Darling River, and this will also be the case for shallow groundwater within
the regolith profile. More locally shallow groundwater flow will mimic topography, initially to the
south toward Hawkins and Lawsons Creeks and then in a northwesterly direction immediately
north of Lue.

Deeper groundwater flow within the Ordovician basement is likely to be more structurally
controlled with the dominant structures trending in a north-northwesterly direction, locally
inducing groundwater flow to the south.

To the east of the Mine Site, regional groundwater flow within the overlying Sydney Basin
lithologies is more likely to be bedding controlled with downward infiltration inhibited by lower
permeability strata. Regional groundwater flow will therefore be dominated by down-dip flow to
the northeast, consistent with regional bedding dip on the western flank of the Sydney Basin.
Localised flow towards the southwest and seepage faces at outcrop from the Sydney Basin
sediments is also likely.

45.1 Aquifer Types

Within the study area, five key aquifer types have potential to exist or have been identified in the
vicinity of the Mine Site, these being:

o Alluvial / Colluvial Aquifers — Unconsolidated sedimentary / detrital aquifers

e Porous Rock Aquifers — Consolidated sedimentary / detrital rock with connected
primary porosity

e Fractured Rock Aquifers — Consolidated rock with secondary fracture controlled
permeability

e Shear / Fault Controlled Aquifer — Typically linear/planar fractured aquifer of
defined width and extent

e Regolith Transition Zone Aquifers — In situ weathered rock with permeability
enhanced by chemical weathering processes

Within each of these aquifer types, there are potentially very broad variations in hydraulic
properties.

Alluvial aquifers are poorly developed in the vicinity of the proposed open cut pit, however more
substantial alluvial deposits are associated with Hawkins and Lawsons Creeks and have the
potential to be within the area of groundwater drawdown resulting from the development of the
open cut pit. Groundwater occurs in all of the hard rock formations encountered beneath the
Mine Site, these being the Rylstone Volcanics, the overlying Sydney Basin sedimentary rocks,
and the underlying Ordovician basement lithologies.

Within the hard rock formations, some limited primary porosity and permeability may occur within

the Sydney Basin lithologies and the Rylstone Volcanics, however, fracture flow is expected to
be the dominant groundwater flow mechanism.
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45.2 Existing Groundwater Users

A search of the WaterNSW database has been undertaken within a notional 10km radius of the
proposed pit. Bore construction, geology and drilling information was sourced from database
and surface geology maps to identify potential aquifers, bore depths and approximate aquifer
yields. The locations of groundwater works are presented on Figure 14.

Approximately 106 groundwater bores are registered within the 10km search radius, with 24 of
those being monitoring bores currently utilised by Bowdens Silver. The majority of private bores
are used for stock, domestic and irrigation purposes.

The closest town, Lue, has approximately 23 private bores (within a 2km radius from the centre
of town) that are used for stock, domestic and irrigation purposes. These bores extract
groundwater from the Coomber Formation, Tannabutta Group, Adaminaby Group, Dungeree
Volcanics, and alluvium at depths ranging from 3.65 to 60m and yields ranging from 0.05 to
7.00 L/s.

A summary of existing groundwater works is provided in Annexure 2.

45.3 Water Access Licences

Of the 106 bores within a 10km radius, 6 bores are associated with WALSs. Authorised extraction
limits range from 6 to 60 ML/year. Yields from the associated groundwater work range from 0.06
to 5.00 L/sec. Two of these WALSs are located within Lue.

Details of the WALs are summarised on Table 7. The locations of the groundwater works
associated with the WALSs are also provided on Figure 14. A summary of WALs within 20km of
the Project, for consideration in the groundwater modelling, is provided in Annexure 8.

Table 7
Summary of Groundwater WALs within a 10km radius of the Mine Site
Associated Extraction
WAL |Groundwater Work | Use Water Source Limit (ML)
27907 |GWO011493 Stock, Irrigation, | Sydney Basin Murray Darling Basin 50
Domestic Porous Rock Groundwater Source
35671 |GW065121 Irrigation Sydney Basin Murray Darling Basin 60
Porous Rock Groundwater Source
28443 |GW802732 Irrigation Lachlan Fold Belt Murray Darling Basin 19
Fractured Rock Groundwater Source
28946 |GWO042966 Stock, Irrigation, | Lachlan Fold Belt Murray Darling Basin 35
Domestic Fractured Rock Groundwater Source
29014 |GW066291 Stock, Irrigation, | Lachlan Fold Belt Murray Darling Basin 6
Domestic Fractured Rock Groundwater Source
29247 |GW062111 Industrial Lachlan Fold Belt Murray Darling Basin 30
Fractured Rock Groundwater Source
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Figure 14 Registered Groundwater Bores and Groundwater Dependent Ecosystems
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45.4 Groundwater Dependent Ecosystems
4541 Bureau of Meteorology

A review of the Bureau of Meteorology (BoM) Groundwater Dependent Ecosystem Atlas (GDE
Atlas) (http://www.bom.gov.au/water/groundwater/gde/map.shtml) indicates no previously
identified GDEs in the vicinity of the Mine Site. The Atlas does however indicate rivers, springs,
or wetlands with moderate to high potential for groundwater interaction, as well as vegetation
with moderate to high potential for groundwater interaction are present within the Mine Site. The
locations of high potential GDEs are presented on Figure 14.

4.5.4.2 High Priority Groundwater Dependent Ecosystems

High priority GDEs are identified in the Water Sharing Plan for the water source in which they
reside. The included high priority GDEs in the Water Sharing Plans relevant to the Project are
summarised as follows.

Macquarie Bogan Unregulated and Alluvial Water Sources 2012

No high priority GDEs are identified in the Water Sharing Plan for the Macquarie Bogan
Unregulated and Alluvial Water Sources.

NSW Murray Darling Basin Fractured Rock Groundwater Sources 2011

The Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock Ground Water
Sources 2011, Schedule 3, identifies 98 individual springs and wetlands and 57 karst
environments as being high priority GDEs.

The closest high priority spring to the Project is Bailey Spring, located approximately 35km to
the north-northwest of the Mine Site.

High priority karst environments are located at Apple Tree Flat and Cudgegong, approximately
14km west to 20km south of the Mine Site.

NSW Murray Darling Basin Porous Rock Groundwater Sources 2011

The Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Ground Water Sources
2011, Schedule 3, identifies 15 individual springs and wetlands and one karst environment as
being high priority GDEs.

The closest high priority springs to the Mine Site is Kellys Springs, located approximately 60km
to the north of the Mine Site.

The only high priority karst environment is located at Ilford, approximately 36km south of the
Mine Site.

4.5.4.3 Other Potential GDEs

The then DPI Water (DPI Water, 2016) defined ecosystems that depend on groundwater as
those ecosystems that require access to groundwater to meet all or some of their water
requirements so as to maintain their communities of plants and animals, and ecological
processes.
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Within the Mine Site, a number of potential GDEs have been identified including springs and
seeps, terrestrial vegetation, and river baseflow systems.

River Baseflow Systems

As identified in the GDE Atlas, there is a high potential for GDEs to be associated with the
drainages in the vicinity of the Mine Site. In particular, Wet Swamp Creek and Black Gully,
Blackmans Creek, Hawkins and Lawsons Creeks are identified on the GDE Atlas in the vicinity
of the Project. The locations of these drainages are shown on Figure 14.

Riverine baseflow systems include ecosystems that are dependent on groundwater derived
baseflow in streams and rivers (Dresel et al., 2010). Baseflow is that part of stream flow derived
from groundwater discharge and bank storage. Baseflow is considered likely to contribute year
round to flows in Hawkins and Lawsons Creeks.

Ecosystems that exist in baseflow dependent streams can themselves be groundwater
dependent and differentiating between groundwater dependent terrestrial vegetation, wetlands,
and base flow systems can be difficult, as the different communities can represent a spectrum
of habitat and groundwater dependency (Dresel et al., 2010). Groundwater levels can be
important in maintaining flows or pools that sustain ecosystems, particularly during times of
drought.

Springs and Seeps

In addition to those drainages identified in the GDE Atlas, a number of ephemeral seeps and
partial wetlands are also present, particularly in the upper reaches of the minor drainages. These
ephemeral swamps and seeps are often developed as farm dams for stock water supply. Typical
vegetation comprises grasses and sedges.

For the most part, these seeps are inferred to be the ephemeral expression of a saturated soil
profile and result from sub-surface flows (or inter-flow) through the soil profile expressing at
surface either due to a break in slope or a barrier to flow such as sub-cropping bedrock. This
inference is supported by water level observations near KCN Spring at monitoring bores BGW29
and BGW38 (Figure 27) that show deep groundwater levels to be substantially below shallow
groundwater levels associated with this spring (Section 4.5.11.1).

As discussed in Section 4.5.12, from the springs that have been included in the water quality
sampling, there does not appear to be a close correlation in water quality with regional
groundwater. As such, the majority of these areas are inferred to be reliant on rainfall recharge
and sub-flow, rather than regional groundwater.

At least one spring, Battery Creek Spring, that is located adjacent to the northwest boundary of
the Mine Site is inferred to be sourced from groundwater. Monitoring bore BGW16 located
adjacent, and slightly up gradient, from the spring has also been observed to display intermittent
artesian conditions. BGW16 is installed in the Rylstone Volcanics down gradient of the contact
with the overlying Shoalhaven Grou