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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 m3/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 5 375 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. 

• Lachlan Fold Belt Groundwater Source (Other) – 907 ML 

• Sydney Basin Groundwater Source – 194 ML 

• 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. I N T RO D U C TI ON  

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: 

• open cut mining; 

• tailings storage facility (TSF); and 

• 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 Indicative Mine Site Layout 
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Figure 2 Mine Life and Project Life 

 
 

 

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.  

1.1 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 

Relevant Requirement(s)  

Coverage in 

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

Section 6, See 

SCSC – Part 6 

• 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 
Page 2 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

Secretary’s Environmental Assessment Requirements (Cont’d) 

Attachment 1 Extract  

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

Section 2.1.2.1 

 

• 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 

• Water Sharing Plan for the Macquarie-Cudgegong Regulated Rivers Water 
Source 

Not relevant 

• 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 

• NSW Aquifer Interference Policy 2012 (NOW)  Section 2.1.4, 

Section 6.3 

• Australian Groundwater Modelling Guidelines 2012 (Commonwealth)  Section 5 

• 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). 

Section 7 

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.  

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 (GDEs) 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 
Page 3 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

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

Department of 

Primary 

Industry – 

Water  

19/12/14 

(Cont’d) 

Proposed surface and groundwater monitoring activities and 

methodologies. 

Section 8.2 

Proposed management and disposal of produced or incidental 

water. 

EIS 

Section4.7.4.4 

Details surrounding the final landform of the site, including final void 

management (where relevant) and rehabilitation measures. 

EIS Section 2.16 

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 

• Water Management Act 2000 (WMA) and Water Act 1912. In 

particular, Objects (s.3) and Water Management Principles (s.5) 

of the WMA. 

Section 2.1.2 

 

 Policies and Guidelines  

• NSW Aquifer Interference Policy (2012)  

• NSW Water Extraction Monitoring Policy (2007)  

Section 2.1.4 

Section 6.3 

• NSW Groundwater Policy Framework Document – General 

(August 1997)  

Section 2.1.5 

• NSW Groundwater Quality Protection Policy (1998)  Section 2.1.5 

• NSW State Groundwater Dependent Ecosystem Policy (2002)  Section 6.1.2 

• Australian Groundwater Modelling Guidelines (2012)  Section 5.3 

• Risk Assessment Guidelines for Groundwater Dependent 

Ecosystems (2012) 

Section 6.1.2 

Water Sharing Plans 

• Water Sharing Plan for the NSW Murray-Darling Basin 

Fractured Rock Groundwater Sources  

Section 2.1.2.1 

 

• 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 

Department of 

Primary 

Industry – 

Water  

12/12/16 

The EIS is required to include the following issues relating to water: 

• Identify water demand and determine whether an adequate and 
secure water supply is available for the Project; 

EIS Section 

2.10.1 and 

4.7.4.6 

• Identify water sources (surface and groundwater), water 
disposal/discharge methods and water storage structures in the 
form of a detailed and consolidated water balance. 

See SCSC – 

Part 6 

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

Section 5.1.6.3 
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Table 1 (Cont’d) 
  

Coverage of SEARs and Additional Requirements 
Page 4 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

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

Environment 

Protection 

Authority 

13/12/16 

Describe the proposal including position of any intakes and 

discharges, volumes, water quality and frequency of all water 

discharges. 

EIS Section 

2.10.1 

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 
Page 5 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

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

Environment 
Protection 
Authority 
13/12/16 

(Cont’d) 

Describe how predicted impacts on surface water, groundwater and 
aquatic ecosystems will be monitored and assessed over time, 
including monitoring locations, relevant parameters and sampling 
frequency. The EIS should: 

4.6.8, 4.7.6 and 

4.11.7 

• 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 
data obtained. 

Section 8.3 

This EIS should assess impacts on groundwater and GDEs. The 

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: 

• potentially impacted environmental values and beneficial uses 
using local Water Quality Objectives; 

Section 4.5.4 

 • contamination, such as investigation levels specified in National 
Environment Protection Measure Guideline on the Investigation 
Levels for Soil and Groundwater (EPHC, 1999). 

Section 6.2 

NSW Division 

of Resources 

& Energy 

01/03/13 

Assess potential impacts to groundwater associated with mine 
operations and any bore field proposed for water supply purposes. 
Include long term recovery patterns of groundwater and any bearing 
these may have on subsequent land use.  

Section 6 

NSW Division 
of Resources 
& Energy 
23/01/15 

Assess surface water flow and flooding regimes and how these will 
be impacted and mitigated by the project both during and after 
mining has ceased. This is to include an evaluation of potential 
impacts from the final void on both surface and groundwater quality 
and flow regimes. 

See SCSC – 

Part 6 

NSW Division 

of Resources 

& Energy 

23/12/16 

Where a void is proposed to remain as part of the final landform, 
include…outcomes of the surface and groundwater assessments in 
relation to the final water level in the void. This should include an 
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. 

Section 5.3.5.6, 

See SCSC – 

Part 6 

Office of 

Environment 

and Heritage 

13/12/16 

The EIS must map the following features relevant to water … 

including: 

• Rivers, streams, wetlands, estuaries (as described in Appendix 2 
of the Framework for Biodiversity Assessment). 

See SCSC – 

Part 6 

• Groundwater. Section 4.5 

• GDEs  

• Proposed intake and discharge locations.  
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Table 1 (Cont’d) 
  

Coverage of SEARs and Additional Requirements 
Page 6 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

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

Office of 

Environment 

and Heritage 

13/12/16 

(Cont’d) 

The EIS must describe background conditions for any water 

resource likely to be affected by the development, including: 

• Existing surface and groundwater. 

 

• Hydrology, including volume, frequency and quality of discharges 
at proposed intake and discharge locations. 

Section 4.5 

• Water Quality Objectives (as endorsed by the NSW Government  

• Including groundwater as appropriate that represent the 
community’s uses and values for the receiving waters. 

Section 8.3.7 

The EIS must assess the impacts of the development on water 
quality, including: 

• The nature and degree of impact on receiving waters for both 
surface and groundwater, demonstrating how the development 
protects the Water Quality Objectives where they are currently 
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. 

 

 

Section 6.2 and 

SCSC – Part 6 

 • Identification of proposed monitoring of water quality  

Mid-Western 
Regional 
Council 
14/02/13 

Ensure water usage complies with applicable criteria with reference 
to Water Sharing Plans.  

EIS Section 

4.7.2.6 

Assess the potential impact to water availability during times of 
drought.  

EIS Sections 

4.6.8.4, 4.6.9, 

4.7.7.2 

Mid-Western 

Regional 

Council 

15/01/15 

The assessment clearly identifies the source of water, amount 

required and proposed method of reticulation to the mine site. 

EIS Section 

2.10.1 and 

4.7.4.6 

Department of 

Primary 

Industry – 

Water  

19/12/14 

A detailed assessment against the NSW Aquifer Interference Policy 

2012. 

Sections 6.3 

and 2.1.4, 

Annexure 1 

Details on all bores and excavations for the purpose of investigation, 

extraction, dewatering, testing and monitoring. All predicted 

groundwater take must be accounted for through adequate 

licensing. 

Section 4.5 

Where groundwater is expected to be intercepted or impacted, the 

following requirements should be used to assist the groundwater 

assessment for the proposal.  

• The known or predicted highest groundwater table at the site.  

 

• Works likely to intercept, connect with or infiltrate the 
groundwater sources. 

 

• 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 

Relevant Requirement(s)  

Coverage in 

Report 

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

Department of 

Primary 

Industry – 

Water  

19/12/14 

(Cont’d) 

• Bore construction information is to be supplied to DPI Water by 
submitting a “Form A” template. DPI Water will supply “GW” 
registration numbers (and licence/approval numbers if required) 
which must be used as consistent and unique bore identifiers for 
all future reporting. 

 

• A description of the water table and groundwater pressure 
configuration, flow directions and rates and physical and 
chemical characteristics of the groundwater source (including 
connectivity with other groundwater and surface water sources). 

Sections 4.5 and 

5 

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

 

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

 

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

 

 • An assessment of groundwater quality, its beneficial use 
classification and prediction of any impacts on groundwater 
quality.  

Sections 4.5, 5 

and 8 

• 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).  

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

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

 • Protective measures for any GDEs.  

 • Proposed methods of the disposal of waste water and approval 
from the relevant authority.  

Not Relevant 

• The results of any models or predictive tools used.  Section 5.3 

Where potential impact/s are identified the assessment will identify 

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.  

Section 8 

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

• 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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Table 1 (Cont’d) 
  

Coverage of SEARs and Additional Requirements 
Page 8 of 10 

Relevant Requirement(s)  

Coverage in 

Report 

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

Department of 

Primary 

Industry – 

Water  

19/12/14 

(Cont’d) 

• Description of the remedial measures or contingency plans 
proposed.  

4.6.8.4 

• Any funding assurances covering the anticipated post 
development maintenance cost, for example on-going 
groundwater monitoring for the nominated period.  

4.6.8.2 

Greater 

Western Area 

Health Service 

24/01/13 

Assess potential impacts to groundwater bores from proposal 

including depth of the open cut mine and effect and disruption to 

aquifers. 

Sections 6.1.1 

and 2.1.4,  

Table 4 

Describe what preventative controls will be put into place to prevent 

contamination of these aquifers. 

Section 8 

Department of 

Education and 

Communities 

13/02/13 

Assess the impact to the availability and quality of the school's bore 

water supply from nearby mining activities during construction and 

operation periods. 

Section 6.1.1 

NSW Office of 

Water 

19/12/14 

 

The EIS must consider the potential impacts on GDEs at the site 

and in the vicinity of the site and:  

• Identify any potential impacts on GDEs as a result of the 
proposal including: 

Section 6.1.2 

− 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.  

Relevant Requirements Nominated by Lue and District Community 

Groundwater Monitoring 

Baseline levels in groundwater and surface water of the following. Sections 4.5.11 

and 4.5.12, 

See SCSC – 

Part 6 

• Metals e.g. arsenic. 

• pH. 

• Aquatic species populations (using AUSRIVAS). 

Will background groundwater quality data include concentrations of lead and other 

heavy metals? 

Annexure 6 

How many bores will be monitored? Section 4.5.11 

and 8.2 Will any private bores be monitored? 
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Table 1 (Cont’d) 
  

Coverage of SEARs and Additional Requirements 
Page 9 of 10 

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 

water quality could be expected? 

Section 4.5.11 

and 4.5.12, 

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

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 

national modelling guidelines? 

Section 5.3 

 

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? 

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 

SCSC – Part 6 

 

Where will groundwater entering the pit end up? 

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 

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

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.  

Sections 6.1, 6.2 

and 6.3 

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

What is the area of impact for groundwater levels and quality? Sections 6.1, 6.2 

and 6.3 I am relieved that our bore will be outside of the drawdown area 

Will mining activities impact on the quality of groundwater? 
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Table 1 (Cont’d) 
  

Coverage of SEARs and Additional Requirements 
Page 10 of 10 

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, 

especially during droughts? 

Section 5.3.5.7 

and Section 

6.1.3 

See SCSC – 

Part 6 

We are concerned about reduced flows in Lawsons Creek as a result of groundwater 

flowing into the open cut pit 

Will groundwater drawdown impact the flow of Lawsons Creek? 

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 

becomes unusable or depleted? 

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. 

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

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

• Section 3 - Previous Investigation. A summary of investigations and learning as a 

result of prior groundwater studies undertaken over the history of the Project.  

• 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 SEARs 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. L E GI S L ATI O N  A N D  P O LI CY  

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; 

• to protect, enhance and restore water sources, their associated ecosystems, 

ecological processes and biological diversity and their water quality; 

• 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. 

• to recognise the role of the community, as a partner with government, in resolving 

issues relating to the management of water sources; 

• to provide for the orderly, efficient and equitable sharing of water from water 

sources; 

• 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; 

• to encourage the sharing of responsibility for the sustainable and efficient use of 

water between the Government and water users; and 

• 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: 

• a water access licence (WAL) to take water; 

• a water supply works approval to construct a work; and 

• a water 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: 

• a licence to extract groundwater or surface water using any type of work; and 

• 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. 

 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: 

• Sydney Basin Groundwater Source of the NSW Murray Darling Basin Porous Rock 

Groundwater Sources, 2011; and 

• 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 

(LTAAELs) for the relevant groundwater source water sharing plans.  

There is currently a moratorium in place on issuing new WALs in NSW for commercial purposes. 

Where WALs are required, they would be purchased on the market, or via controlled allocation 

orders, as appropriate.  
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Figure 3 Water Sharing Plan Boundaries and Surface Water Sources 
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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) 

Water Source and Water 

Sharing Plan 

Share 

Component 

(ML/year) No. WALs 

Water made 

available 

(ML/year) 

Unallocated 

Water 

(ML/year) 

Lawsons Creek Water 

Source of the Macquarie 

Bogan Unregulated and 

Alluvial Water Sources. 

1575 

53 

36 (Unregulated River) 

12 (Domestic and Stock) 

1443 

53 
- 

 

Table 3 
  

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

Groundwater Source and 

Water Sharing Plan 

LTAAEL 

(ML/year) No. WALs 

Water Made 

Available 

(ML/year) 

Unallocated 

Water 

(ML/year) 

Sydney Basin Groundwater 

Source of the NSW Murray 

Darling Basin Porous Rock 

Groundwater Sources 

60 443 30 (Aquifer) 5 443 55 000 

Lachlan Fold Belt 

Groundwater Source of the 

NSW Murray Darling 

Fractured Rock Groundwater 

Sources 

875 652 

1024 (Aquifer) 

6 (Town Supply) 

36 (Local water Utility 

1 (Salinity Management) 

67 231.7 

467.4 

2 420.5 

236.0 

805 296 

 

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. 

 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 

• 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. 

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

• 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 

– Aquifer access licences – 1ML/unit share or lower amount as a result of a 

growth in extraction response. 

Granting of Access Licences 

• 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. 

o 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. 

Carryover 

• 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. 

Take Limit 

• 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 DoI-Water monitoring bore 

– 200 metres from a property boundary. 

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



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 35 

 

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 

• 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  

• Not permitted. 

Trading within Water Source 

• 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: 

 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 

• 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. 

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

Available Water Determinations 

• 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 

• 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. 

Carryover 

• Up to 10 per cent of entitlement can be carried over. 

Take Limit 

• 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 DoI-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  

• Not permitted. 

Trading within Water Source 

• 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 

• Not permitted: 

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

Trading between States 

• Permitted: 

– where there is an interstate agreement for such dealings 

– such arrangements are specified in the Minister’s Access Licence Dealing 

Principles. 

 Lawsons Creek Water Source of the Macquarie Bogan Unregulated and 

Alluvial Water Sources, 2012 

Cease to Pump 

• 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 

• 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: 

• 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. 

• 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”. 

• 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: 

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

• 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 (DoI 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 

Aquifer 

1. Less than or equal to a 10% 

cumulative variation in the 

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. 

A cumulative pressure 

head decline of not more 

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. 

 

Any change in the 

groundwater quality 

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 

Rock Water 

Sources  

1. Less than or equal to 10% 

cumulative variation in the 

water table, allowing for typical 

climatic “post-water sharing 

plan” variations, 40m from any  

(a) high priority GDE, or  

(b) high priority culturally 

significant site,  

listed in the schedule of the 

relevant water sharing plan.  

A maximum of a 2m decline 

cumulatively at any water supply 

work.  

2. If more than 10% cumulative 

variation in the water table, 

allowing for typical climatic 

“post-water sharing plan” 

variations, 40m from any:  

(a) high priority GDE; or  

(b) high priority culturally 

significant site;  

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. 

1. A cumulative 

pressure head 

decline of not more 

than a 2m decline, at 

any water supply 

work.  

2. If the predicted 

pressure head 

decline is greater 

than requirement 1. 

above, then 

appropriate studies 

are required to 

demonstrate to the 

Minister’s 

satisfaction that the 

decline would not 

prevent the long-

term viability of the 

affected water 

supply works unless 

make good 

provisions apply.  

1. Any change in the 

groundwater quality 

should not lower the 

beneficial use 

category of the 

groundwater source 

beyond 40m from the 

activity.  

2. If condition 1 is not 

met then appropriate 

studies would be 

required to 

demonstrate to the 

Minister’s satisfaction 

that the change in 

groundwater quality 

would not prevent the 

long-term viability of 

the dependent 

ecosystem, significant 

site or affected water 

supply works.  
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Table 4 (Cont’d) 
  

Level 1 Minimum Impact Considerations – Highly Productive Groundwater Sources 

Page 3 of 3 

Water 

Source Water Table Water Pressure Water Quality 

Fractured 

Rock Water 

Sources  

1. Less than or equal to 10% 

cumulative variation in the 

water table, allowing for 

typical climatic “post-water 

sharing plan” variations, 40m 

from any:  

(a) high priority GDE; or  

(b) high priority culturally 

significant site;  

listed in the schedule of the 

relevant water sharing plan.  

A maximum of a 2m decline 

cumulatively at any water supply 

work. 

2. If more than 10% cumulative 

variation in the water table, 

allowing for typical climatic 

“post-water sharing plan” 

variations, 40m from any:  

(a) high priority GDE; or  

(b) high priority culturally 

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.  

1. A cumulative 

pressure head 

decline of not more 

than a 2m decline, at 

any water supply 

work.  

2. If the predicted 

pressure head 

decline is greater 

than requirement 

1.(a) above, then 

appropriate studies 

are required to 

demonstrate to the 

Minister’s 

satisfaction that the 

decline would not 

prevent the long-

term viability of the 

affected water 

supply works unless 

make good 

provisions apply.  

1. Any change in the 

groundwater quality 

should not lower the 

beneficial use 

category of the 

groundwater source 

beyond 40m from the 

activity.  

2. If condition 1 is not 

met then appropriate 

studies would be 

required to 

demonstrate to the 

Minister’s satisfaction 

that the change in 

groundwater quality 

would not prevent the 

long-term viability of 

the dependent 

ecosystem, significant 

site or affected water 

supply works. 

 

2.1.5 NSW Groundwater Quality Protection Policy 

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

• All groundwater systems should be managed such that their most sensitive 

identified beneficial use (or environmental value) is maintained. 

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

required. 

• 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. 

• 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. 

• The cumulative impacts of developments on groundwater quality should be 

recognised by all those who manage, use, or impact on the resource. 

• 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 

Quality Protection Policy: 

• ecosystem protection 

• recreation and aesthetics 

• raw water for drinking water supply 

• agricultural water 

• 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: 

• protection of the environment policies (PEPs); 

• integrated environment protection licensing; and 

• 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. P R EVI O US I NV ES TI GATI O NS  

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. 

• Desktop hydrogeological investigation into potential Project water supplies from 

surface water and groundwater sources. 

• No site-specific investigations were undertaken. 

• 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. 

• Desktop hydrogeological investigation into potential project water supplies from 

groundwater sources. No site-specific investigations were undertaken. 

• Identified 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 µS/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 µS/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. 

• Desktop hydrogeological investigation and review of previous groundwater 

investigations and overview of the current legislation. 
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• 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. 

3.5 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 

5.3x10-3 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 1x10-3 to 1.7 m/day. 

3.6 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 m2/d. The bulk rock matrix 

permeability is estimated to be much lower, with transmissivity values as low 

as 6x10-2 m2/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. E X I ST I NG E N VI RO N M E N T  

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 12.5 8.3 4.9 2.6 1.4 2.1 4.4 7.7 10.7 13.4 

Daily Max Temp (˚C) 29.7 28.7 26.2 22.2 17.7 14.2 13.5 15.2 18.7 22.4 25.7 28.5 

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 5 Comparison of Site Rainfall Data with SILO 

 
 

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: 

• a long period of below average rainfall (downward sloping trend) from 1900 to 

1947; and 

• a long 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) 

 

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.  

4.2.1 Stream Flow 

Bowdens Silver monitor stream flow in Hawkins Creek at two V-notch weirs, BSF01 

(downstream) and BSF02 (upstream). The locations of the weirs are shown on Figure 23. Data 

are available from BSF01 from June 2013, and from BSF02 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. BSF01 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 BS01 is presented on Figure 10. Figure 10 shows flows at BSF01 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 BSF01 Flow Duration Curve 

 

4.3 GEOLOGY 

The surface geology in the vicinity of the Mine Site, from the NSW Seamless Geology dataset 

(Colquhoun 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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Figure 11 Surface Geology 
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Table 6 
  

Local Stratigraphy 

Geologic 

Province 

Stratigraphic 

Unit Age Description 

n/a Undifferentiated 

alluvium & 

colluvium 

Holocene / 

Quaternary 

Alluvium and colluvium of varying thickness are found at the 

base of most drainages in the study area. These materials are 

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 

Basin 

Narrabeen 

Group 

Triassic In the study area the Shoalhaven Group is present as 

elongated hill-capping and comprises conglomerate, siltstone 

and shale. It overlies the Rylstone Volcanics only to a minor 

extent in the proposed open cut pit area and more extensively 

to the north. The sandstone, mudstone, claystone and coal of 

the Illawarra Coal Measures overlie the Shoalhaven Group 

further north and are in turn overlain by the younger 

sandstone and mudstone of the Narrabeen Group.  

Illawarra Coal 

Measures 

Permian 

Shoalhaven 

Group 

Permian 

 Rylstone 

Volcanics 

Early 

Permian 

The Rylstone Volcanics primarily consist of felsic volcanic 

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 

Fold Belt 

(Orogen) 

Coomber 

Formation 

Ordovician The Coomber Formation comprises a deep marine sandstone 

and mudstone sequence, which outcrops extensively around 

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 

Group 

Ordovician The Adaminaby Group comprises turbiditic quartzose 

sandstones and mudstones, suggestive of a deep marine 

depositional environment. 

Source: after Colqhoun 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 Illawarra Coal 

Measures, which are overlain by the Narrabeen Group sediments. The Sydney Basins 

sediments dip gently to the northeast by approximately 0.5 degrees (DoIR&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.  

4.3.1 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. 

4.4.1 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 

 
 

Figure 13 Stereonet Representation of Veins 
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The two main fracture orientations cross-cut and intersect at approximately 67 degrees and are 

described as follows: 

• 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 

• 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: 

• 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. 

4.5.1 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: 

• Alluvial / Colluvial Aquifers – Unconsolidated sedimentary / detrital aquifers 

• Porous Rock Aquifers – Consolidated sedimentary / detrital rock with connected 

primary porosity 

• Fractured Rock Aquifers – Consolidated rock with secondary fracture controlled 

permeability 

• Shear / Fault Controlled Aquifer – Typically linear/planar fractured aquifer of 

defined width and extent 

• 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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4.5.2 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.  

4.5.3 Water Access Licences 

Of the 106 bores within a 10km radius, 6 bores are associated with WALs. 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 WALs are located within Lue.  

Details of the WALs are summarised on Table 7. The locations of the groundwater works 

associated with the WALs 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 

WAL 

Associated 

Groundwater Work Use Water Source 

Extraction 

Limit (ML) 

27907 GW011493 Stock, Irrigation, 

Domestic 

Sydney Basin Murray Darling Basin 

Porous Rock Groundwater Source 

50 

35671 GW065121 Irrigation Sydney Basin Murray Darling Basin 

Porous Rock Groundwater Source 

60 

28443 GW802732 Irrigation Lachlan Fold Belt Murray Darling Basin 

Fractured Rock Groundwater Source 

19 

28946 GW042966 Stock, Irrigation, 

Domestic 

Lachlan Fold Belt Murray Darling Basin 

Fractured Rock Groundwater Source 

35 

29014 GW066291 Stock, Irrigation, 

Domestic 

Lachlan Fold Belt Murray Darling Basin 

Fractured Rock Groundwater Source 

6 

29247 GW062111 Industrial Lachlan Fold Belt Murray Darling Basin 

Fractured Rock Groundwater Source 

30 
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Figure 14 Registered Groundwater Bores and Groundwater Dependent Ecosystems 
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4.5.4 Groundwater Dependent Ecosystems 

 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. 

 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. 

 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. 

http://www.bom.gov.au/water/groundwater/gde/map.shtml
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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 Group. 

Terrestrial Vegetation 

Terrestrial vegetation GDEs include vegetation which has seasonal or episodic dependence on 

groundwater. 
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An aquatic ecology assessment (Cardno, 2020) undertaken for the Project has noted the 

presence of occasional eucalypts (River Red Gums) associated with Hawkins and Lawsons 

Creeks. Eucalypts are not necessarily obligate phreatophytes, but typically root below the water 

table and benefit from frequent replenishment of soil moisture. Studies have noted that River 

Red Gums may rely on groundwater to maintain ecosystem function between river flow or 

flooding events. In drainages such Hawkins and Lawsons Creeks it is likely that the Red Gums 

would be dependent on groundwater only during times of drought and no-flow. 

Cardno (2020) also note the presence of two ecological communities that are listed as 

endangered under the Biodiversity Conservation Act 2016. These being, Fuzzy Box Woodland 

on alluvial Soils of the South Western Slopes, Darling Riverine Plains and Brigalow Belt South 

Bioregions and Swamp Oak Floodplain Forest of the New South Wales North Coast, Sydney 

Basin and South East Corner Bioregions. These ecological communities are known to occur in, 

or directly adjacent to, the Study Area (Cardno, 2020) and may be reliant on groundwater and 

would therefore be considered to be potential GDEs. 

In the Terrestrial Ecology Assessment, EnviroKey (2020) suggest that none of the terrestrial 

vegetation present within the study area are likely to be wholly groundwater dependent (obligate 

phreatophytes). 

Stygofauna 

The aquatic ecology assessment (Cardno, 2020) has also identified a number of stygofauna 

assemblages in the vicinity of the Mine Site.  

Only one stygofauna taxa (Psammaspides sp.) was identified from the 6 groundwater bores 

located either within, or in relatively close proximity to, the proposed open cut pit.  All remaining 

stygofauna were sampled from groundwater bores located either some distance to the west of 

the proposed open cut pit (BGW16 and 17), or from those associated with Hawkins and Lawsons 

creeks (BGW39, 48, 50 and 51). 

All stygofauna taxa identified were found to be typical of alluvial aquifers in eastern Australia and 

are not endemic to the area. 

4.5.5 Groundwater Occurrence on Site 

Extensive mineral exploration drilling, utilising Reverse Circulation (RC) and Diamond Core 

drilling, has been undertaken on the Mine Site. Both of these drilling methods provide an 

opportunity to identify areas of potentially elevated permeability and groundwater occurrence; 

RC drilling through the production of water during drilling, and Diamond Core drilling through 

loss of drilling fluids to the formation. Groundwater intercepts have not been consistently 

documented in historical drilling campaigns, however, the available data and accumulated 

knowledge is beneficial.  

Figure 15 presents a map of recorded water strikes from RC drilling showing the depth of the 

first water strike. Yield information is not available, however, a number of drill holes are noted as 

having been abandoned due to groundwater.  

Seventy percent of the water strikes occur shallower than 60m below ground level (bgl), and no 

significant correlation is apparent between the depth of water strike and the drill collar elevation.  
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Figure 15 Exploration Drilling Water Strikes 
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While the water strike map suggests a concentration of water strikes in the southeastern open 
cut pit area, anecdotal evidence suggests that the wettest part of the ore body is in the northern 
open cut pit area and to the west of the structure that runs along Maloneys Road. 

4.5.6 Groundwater Monitoring Bore Drilling 

During the drilling undertaken during 2013 for the installation of the groundwater monitoring 
network (SKM, 2013), airlift yields were recorded during drilling and again during bore 
development where a monitoring bore was established. Results are summarised on Figure 16 
and Table 8. 

Table 8 
  

Monitoring Network Drilling Summary 

Bore ID 

Drilled 

Depth 

(mbgl) 

Screened 

Interval 

(mbgl) 

Screened 

Formation 

Airlift Yield (L/s) 

Comment Drilling Development 

BGW18 100 45-48 Crystal Tuff <0.1 0.06  

BGW19 120 90-96 Coomber Formation <1 0.3  

BGW20 96 42-48 Coomber Formation <1 0.3  

BGW27 90 58-70 Coomber Formation 2 1.8 

Water strike at 30m 

increasing at 57m in 

Ordovician Basement 

BGW27/2 48 30-36 Coomber Formation <1 -  

BGW28 6 0-6 Alluvium - - 
Water strike 2-3m, no 

airlift 

BGW29 6.5 1.5-6.5 Volcanic Breccia Dry1 - Bore not developed 

BGW38 100 88-94 Volcanic Breccia Dry1 - Bore not developed 

BGW39 48 30-42 Coomber Formation <1 1.5 
Water strike at 36m in 

Ordovician Basement 

BGW40 145 127-139 Volcanic Breccia <1 0.3  

BGW41 198 186-192 Crystal Tuff <1 0.2  

BGW42 120 
36-42, 

108-114 
Crystal Tuff <1 0.6 

Water after 36m top of 

Rylstone Volcanics 

BGW43 120 92-98 Crystal Tuff <1 0.2  

BGW44 84 73-79 Volcanic Breccia 2 2 
Water struck at 76-78m 

in Rylstone Volcanics 

BGW45 78 66-72 Crystal Tuff <0.1 no flow  

BGW46 180 168-174 Coomber Formation <0.1 no flow  

BGW47 48 36-42 Rylstone Volcanics <0.1 no flow  

BGW48 6 1-6 Alluvium <0.1 0.2 Alluvium 

BGW49 5 1.5-3.5 Alluvium <0.1 0.5 Alluvium 

BGW50 28 21-27 Coomber Formation 3 3 
Water strike at 25m in 

Ordovician Basement 

BGW51 12 3-9 Alluvium <1 0.3 Alluvium 

BGW52 30 17-23 Coomber Formation <1 0.6 
Water strike at 18m in 

Ordovician Basement 

BGW53 12 3-9 Alluvium <1 0.6 Alluvium 

BGW54 8 2.5-6.5 Alluvium <1 0.5 Alluvium 

Note 1 - BGW29 and BGW38, no significant water during drilling but subsequently used for monitoring – refer Figure 24. 
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Figure 16 Monitoring Bore Drilling and Installation 
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The installed monitoring bore locations are shown on Figure 16. 

The majority of holes returned yields of less than 0.1 L/s during drilling, although some of these 

holes returned modest yields following completion, illustrating the RC drilling method’s tendency 

to limit water ingress to the hole during drilling. On completion, only 4 out of the 24 holes returned 

airlift yields in excess of 1 L/s, these being BGW27, BGW39, BGW44, and BGW50. Three of 

these holes returned yields from the Ordovician Basement with one hole (BGW44) striking water 

in the Rylstone Volcanics. The yields were all from generally shallow depths, ranging from 18 to 

78 mbgl. 

From assessment of the monitoring bore locations against geological sections, it has been 

determined that none of the monitoring bores intercepted any of the major structures on site. 

4.5.7 Previous Hydraulic Testing 

Following completion of drilling and construction, the monitoring bores were subject to 

permeability testing (SKM, 2013). Data derived from these tests have been re-assessed for the 

current assessment and the derived representative hydraulic conductivity values are provided 

on Table 9.  

Table 9 
  

Monitoring Bore Hydraulic Testing Summary 

Bore ID 

Screened Depth 

(mbgl) Screened Formation 

Representative Hydraulic 

Conductivity (m/d) 

BGW48 1-6 Alluvium 9.2 

BGW51 3-9 Alluvium 1.15 

BGW53 3-9 Alluvium 6.4 

BGW54 2.5-6.5 Alluvium 7.2 

BGW42 36-42 Crystal Tuff 0.09 

BGW42 Pump test 36-42 Crystal Tuff 0.05 

BGW47 36-42 Rylstone Volcanics (un diff.) 0.01 

BGW18 45-48 Crystal Tuff 1.07 

BGW19 90-96 Coomber Formation 0.27 

BGW19 Pump test 90-96 Coomber Formation 0.001 

BGW20 42-48 Coomber Formation 0.22 

BGW27 58-70 Coomber Formation 3.3 

BGW27 Pump test 58-70 Coomber Formation 0.15 

BGW27A 30-36 Coomber Formation 6.5 

BGW39 30-42 Coomber Formation 0.45 

BGW46 168-174 Coomber Formation 0.0014 

BGW50 21-27 Coomber Formation 1.14 

BGW50 Pump test 21-27 Coomber Formation 0.55 

BGW52 17-23 Coomber Formation 1.04 
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A number of these bores were also subject to short term (2 to 4 hour) pumping tests (SKM, 

2013). This data has also been reviewed and the derived representative hydraulic conductivity 

values are provided on Table 9. 

From Table 9,  it is apparent that the majority of tests have been undertaken on bores screened 

within the Ordovician basement, or Coomber Formation. Test results are summarised as follows: 

• Hydraulic conductivity values derived from four bores installed in the Alluvium 

range from 1.1 to 9.2 m/d.  

• Hydraulic conductivity values derived from four bores installed in the Rylstone 

Volcanics range from 0.01 to 1.07 m/d.  

• Hydraulic conductivity values derived from eight bores installed in the Coomber 

Formation range from 0.001 to 6.5 m/d. 

Within the Coomber Formation, there is a significant variation in permeability determinations, 

and this variation displays a reasonable correlation with depth as shown on Figure 19. Results 

from the Rylstone Volcanics (including the result for the Crystal Tuff) also show significant 

variation but are derived from similar depths.  

4.5.8 Pumping Tests 

Pumping tests of 72 hours duration were undertaken on BGW10 and BGW108 during November 

and December 2014 (Jacobs, 2014). Data for these tests have been reviewed and re-assessed 

as part of the current Project. 

BGW10 is located approximately 500m to the southeast of the open cut pit area and is the water 

supply bore for the Bowdens homestead. Lithological information is not available, however, 

ignimbrite is mapped at surface and the bore is close to the mapped Coomber Formation. The 

position of the bore also coincides with a number of mapped lineaments. BGW10 is recorded as 

being 100m deep and screened from 90 to 100 mbgl. It is assumed that at this depth the bore 

would be within the Coomber Formation. 

BGW108 is located within the open cut pit area and is screened from 24 to 96 mbgl and is 

installed within the ignimbrite unit. 

Locations of the pumping bores and associated monitoring bores are shown on Figure 17. 

Drawdown and recovery plots for the tests at BGW10 and BGW108 are provided in Annexure 3. 

BGW10 

BGW10 was pumped at a rate of 467 kL/day (5.4 L/s) for a period of 72 hours. Drawdown was 

monitored at the pumping well and at three observation bores, WAP16, BGW50, and BGW51 

(Figure 15). 

Analytical results of the pumping test are summarised on Table 10. Results derived from the 

pumping well (BGW10) and the adjacent observation well, WAP16 located at a distance of 22m, 

indicate a good hydraulic connection between the two bores. 
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Figure 17 BGW10 and BGW108 Pumping Test Locations 
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Table 10 
  

BGW10 Pumping Test – Summary of Results 

ID 

Distance Transmissivity 

Hydraulic 

Conductivity Storativity 

Specific 

Storage 

m m2/day m/d - m-1 

Early Time (<30 min) 

BGW10 - 81.5 1.07  -  - 

WAP16 20.5 81.5 1.07 8.04x10-05 1.06x10-06 

Mid Time (0.5-1 day) 

BGW10 - 13.2 0.17  -  - 

WAP16 20.5 13.2 0.17 9.79x10-4 1.29x10-5 

Late Time (2-3days) 

BGW10 - 6.3 0.08  -  - 

WAP16 20.5 6.3 0.08 6.06x10-3 7.98x10-5 

BGW50 102.8 111.0 1.46 1.64x10-2 2.16x10-4 

BGW51 103 276.0 3.63 4.39x10-2 5.78x10-4 

Recovery 

BGW10 - 10.9 0.14  -  - 

 

Derived transmissivity estimates assume a saturated formation thickness of 76m, however, it is 

noted that the screened interval of the bore is only 10m. Partial penetration of an aquifer induces 

vertical flow components in the vicinity of the well, and the general assumption that the well 

receives water from horizontal flow is not valid. Partial penetration can cause the flow velocity in 

the immediate vicinity of the well to be higher than it would be otherwise, leading to an extra loss 

of head. It is noted however, that the effects of this are not readily apparent in the data. 

Initial transmissivity estimates of the order of 80 m2/day decline to 13 m2/day mid test, and by 

the end of testing have dropped off to 6 m2/day. The results are indicative of a moderate yielding 

aquifer of limited extent. 

The elevated transmissivity values derived from observation wells BGW50 and BGW51 (as well 

as limited drawdown response) located at a distance of approximately 103m, suggest poor 

hydraulic connection with the pumping well, indicating that the fracture network intercepted by 

the pumping well is not highly connected to a regional fracture network. It is noted that BGW50 

and BGW51 are isolated from the pumping well by the main sub north-south lineament that runs 

along the eastern margin of the Bowdens silver deposit. 

Indicative values of aquifer storage derived from observation bore WAP16 are initially consistent 

with a confined aquifer, transitioning to more partially confined leaky conditions by end of test.  

Derived aquifer storage values at late time range from 6.1x10-3 to 4.4x10-2, with an average value 

of 2.2x10-2. 

Given the poor hydraulic connection, values derived from BGW50 and BGW51 observations are 

not considered to be representative. 
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Jacobs (2014) indicated that the estimated aquifer parameters at BGW10 suggest a fracture 

network within the target aquifer with transmissivity values of up to 15 m2/day. The bulk rock 

matrix permeability was estimated to be much lower, with transmissivity values as low as 6x10-2 

m2/day, indicating that the dominant supply of groundwater to BGW10 was transferred through 

the fracture networks at this test site. While this assessment is generally agreed with, it is noted 

that the bulk of the groundwater storage will be within the bulk rock matrix and will be released 

more slowly. 

Flow characteristic, or diagnostic, plots of the BGW10 pumping test indicate a dominance of bi-

linear (double porosity) and suggest the presence of parallel no-flow boundaries. 

BGW108 

BGW108 was pumped at a rate of 432 kL/day (5.0 L/s) for a period of 72 hours. Drawdown was 

monitored at the pumping well and at eight observation bores as indicated on Table 11 and 

Figure 15. 

Table 11 
  

BGW108 Pumping Test – Summary of Results 

ID 

Distance Transmissivity 

Hydraulic 

Conductivity Storativity 

Specific 

Storage 

m m2/day m/d - m-1 

Early Time (<100 min) 

BGW108 - 45.2 0.63  -  - 

BGR163 20.5 45.2 0.63 4.20x10-4 5.83x10-6 

BGD027 46.3 79.1 1.10 4.03x10-4 5.60x10-6 

Late Time (2-3 days) 

BGW108 - 2.1 0.03  -  - 

BGR163 20.5 2.1 0.03 5.24x10-3 7.28x10-5 

BGR242 26 2.4 0.03 2.76x10-3 3.83x10-5 

BGR240 41.6 3.9 0.05 1.46x10-3 2.03x10-5 

BGD027 46.3 2.3 0.03 1.70x10-3 2.35x10-5 

BGR147 48.8 3.0 0.04 1.06x10-3 1.47x10-5 

BGR236 69.5 2.8 0.04 6.55x10-4 9.10x10-6 

BGR252 150.5 3.3 0.05 1.18x10-4 1.64x10-6 

BGR102 300 - - -- - 

Recovery 

BGW108 - 6.5 0.09  -  - 

Distance Drawdown 

End of test - 4.8 0.06 1.03x10-4 1.07x10-6 

 

Analytical results of the pumping test are summarised on Table 11. Results derived from the 

pumping well (BGW108) and the adjacent observation well, BGR163 at a distance of 20 m, 

indicate a good hydraulic connection between the two bores. 
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All derived transmissivity values at late time are very consistent, ranging from 2.14 to 3.95 

m2/day, indicating a good hydraulic connection between the majority of the observation wells, 

and indicating consistent hydraulic connection between the ignimbrite, breccia, and crystal tuff. 

An assessment of distance drawdown has also been undertaken for the end of the pumping test 

and is presented on Figure 18. The distance drawdown analysis indicates an aquifer 

transmissivity of the order of 4.8 m2/day (K = 0.06 m/day). One observation well, BGR102, did 

not display significant drawdown and is a distinct outlier on the distance drawdown plot, with 

approximately 10m less drawdown than would be anticipated. It is noted that all bores, with the 

exception of BGR102, are located within the same fault block, while BGR102 is isolated from 

the pumping well by a major north-south trending fault. 

Figure 18 BGW108 Pumping Test - Distance Drawdown Plot 

 
 

Derived values for aquifer storage at late time range from 1.2x10-4 to 5.2x10-3, with an average 

value of 1.8x10-3. 

BGW108 displays a similar increase in rate of drawdown as pumping progresses as seen at 

BGW10, however the transition is more abrupt. Flow characteristic or diagnostic plots of the 

BGW108 pumping test indicate a dominance of linear (fracture) flow and suggest the presence 

of a closed boundary at late time. 

Summary 

From the pumping test at BGW108, it is indicated that within the Bowdens silver deposit, fracture 

flow is the dominant groundwater flow mechanism, however on a broader scale and with 

consideration for the fracture orientations (Section 4.4.1) groundwater flow can be expected to 

behave in a pseudo-radial and porous media flow fashion. 
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Both BGW10 and BGW108 pumping tests, highlight the presence of low permeability flow 

boundaries. These boundaries are inferred to be represented by the major regional structures 

(refer Figure 9) which act to retard, but not completely restrict, groundwater flow across these 

structures. Given that the highest groundwater yields (Section 4.5.6) have also been associated 

with these structures, it is possible that zones of enhanced fracturing exist bounding these 

structures and resulting in elevated permeability along strike (and potentially up and down dip) 

of these structures. 

4.5.9 Extended Pumping 

From review of the groundwater level hydrographs (Figure 26, Section 4.5.11) it is apparent that 

extended pumping occurred at BGW108 during the period December 2013 through to February 

2014. Although this abstraction is not documented, the response to abstraction is apparent at a 

number of the monitoring bores. The groundwater level monitoring data has been reviewed to 

assess the response to pumping (drawdown) observed at individual monitoring locations over 

the duration of the abstraction. This response has been contoured and is plotted on Figure 17. 

It is noted that abstraction during this period is also likely to have occurred from BGW10 for stock 

and domestic purposes, and the pumping response will also be overprinted by climatic effects. 

The CRD curve (Figure 23) shows the pumping to occur towards the end of an extended dry 

period, however hydrographs from monitoring bores outside the area of influence of BGW108 

demonstrate that the climatic influence over the period is not significant. 

The drawdown response to this extended period of pumping (Figure 17), highlighted by the 

interpreted 2m drawdown contour, suggests that groundwater flow is constrained by the two 

major north-south trending structures, with preferential drawdown within the fault block between 

the two structures. There is also a suggestion that drawdown is restricted northwards towards 

BGW40 and southwards towards BGW46. 

4.5.10 Recent Investigations 

Additional groundwater investigations have been recently undertaken in conjunction with 

ongoing resource definition drilling. The investigations included packer injection testing on four 

deep Diamond Core drill holes, and airlift recovery testing undertaken on a number of RC drill 

holes to investigate formation permeability around some of the major structures and at depth. 

The recent investigation sites are presented on Figure 15 and discussed in the following 

sections. 

 Airlift Testing 

A programme of airlift recovery testing was undertaken on site from 5th to 10th June 2017. Airlift 

recovery testing was undertaken on eight (8) RC drill holes as shown on Figure 15 and in 

Table 12. Test results are provided in Annexure 4 with test holes and results summarised in 

Table 13. 

Holes for airlift testing were selected based on proximity to major geological structures and 

specifically included a number of drill holes with noted groundwater intersections during drilling.  



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 79 

 

Table 12 
  

Airlift Test Hole Details 

Hole ID Easting Northing 

Dip 

(deg) 

Hole 

Depth 

(mbgl) Primary Lithology 

Water Intersections 

during Drilling 

BRC17005 769323 6385453 65 102 Welded Tuff / Structure 

intercept 

N/A 

BRC17009 769300 6385341 65 180 Welded Tuff in vicinity of 

structure 

N/A 

BRC17012 769303 6385316 65 102 Crystal Tuff / Welded 

Tuff contact in vicinity of 

structure 

Hole abandoned due to 

excess water 

BRC17018 769137 6385500 65 180 Welded Tuff Water strike at 60m 

BRC17021 769226 6385537 65 72 Welded Tuff / Structure 

intercept 

N/A 

BRC17025 768666 6385376 65 102 Welded Tuff in vicinity of 

east dipping structure 

Hole abandoned due to 

excess water. Water 

strike at 90m 

BRC17027 768669 6385324 60 174 Welded Tuff in vicinity of 

east dipping structure 

N/A 

BRC17029 768859 6385332 60 150 Welded Tuff / Structure 

intercept 

Water strike at 24m 

 

Table 13 
  

Airlift Testing Summary 

Hole ID 

SWL 

(m vert) 

Hole Depth 

(m down 

hole) 

Airline Depth 

(m down 

hole) 

Average 

Airlift Yield 

(L/s) 

Airlift 

Duration 

(mins) 

Transmissivity 

(m2/d) 

Hydraulic 

Conductivity 

(m/d) 

BRC17005 6.5 102 94 0.49 52 0.26 3.0x10-3 

BRC17009 15.8 180 120 0.01 16 1.21 3.0x10-5 

BRC17012 23.3 102 96 3.32 122 42.0 0.61 

BRC17018 34.6 180 120 0.13 37 0.04 3.0x10-4 

BRC17021 NA 72 54 0.40 12 NA NA 

BRC17025 26.2 102 94 1.96 121 3.89 5.9x10-2 

BRC17027 26.9 174 120 0.12 36 0.03 2.0x10-4 

BRC17029 9.1 150 136 0.82 122 3.52 2.8x10-2 

 

Airlifting was undertaken utilising the RC drill string as the airline. Airlift durations ranged from 

30 minutes to 2 hrs, with the duration of airlifting generally being proportional to the airlift yield. 

Airlift yields were measured throughout the duration of airlifting by a combination of V-notch weir 

and timed bucket. Field water quality parameters were also monitored during the airlifting. On 

completion of airlifting, the recovery in water level was monitored through the inner tube of the 

RC drill string. As the testing was undertaken on angled drill holes all water depth measurements 

were converted to vertical depths prior to analysis using the Theis recovery method. 
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The airlift testing returned a wide range of results. Airlift yield ranged from negligible (0.01 L/s) 

at BRC17009 to 3.3L/s at BRC17012. BRC17009 and BRC17012 highlight the highly variable 

and anisotropic nature of the formations and fracturing. These two holes are drilled in similar 

orientations, approximately 25m apart, with BRC17009 drilled 78m deeper than BRC17012. 

BRC17009 and BRC17012 returned the lowest and highest airlift yields and corresponding 

hydraulic conductivities, respectively. 

A brief summary of individual airlift tests is provided as follows. Plots of the airlift recovery tests 

are provided in Annexure 4. 

BRC17005 

• Moderate yield, bore storage effects in early recovery data, possible partial 

dewatering. 

• EC = 970 µS/cm, pH = 6.20 

BRC17009 

• Very low yielding, no significant recovery. 

• EC = 940 µS/cm, pH = 6.00 

BRC17012 

• High yielding with strong recovery, partial dewatering possible. 

• EC = 964 µS/cm, pH = 6.14 

BRC17018 

• Low yield, good recovery, possible leakage or recharge boundary indicated.  

• EC = 781 µS/cm, pH = 6.37 

BRC17021 

• Problems measuring water levels prevented standing water level reading and 

recovery data. Producing a lot of cuttings / silt during airlift. 

• Moderate yielding, EC = 254 µS/cm, pH = 6.77. 

BRC17025 

• Moderate to high yielding, possible partial dewatering, also with potential leakage 

indicated. 

• EC = 1490 µS/cm, pH = 6.77 

BRC17027 

• Low yielding with delayed recovery, potential leakage. Significant dewatering. 

• EC = 1300 µS/cm, pH = 7.44 

BRC17029 

• Moderate yield 

• EC = 850 µS/cm, pH = 6.64 
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 Packer Testing 

Packer testing was undertaken on four (4) deep Diamond Core drill holes, from 26th April through 

to 6th May 2017. The test locations are shown on Figure 15. Packer testing flow plots are 

provided in Annexure 5 with results presented below and summarised on Table 14 and 

Table 15. The testing was undertaken once drilling of all four test holes had been completed. 

The packer testing was generally undertaken using a single packer configuration on the 

completed drill hole. Several straddle packer tests were attempted; however, these resulted in 

a number of blown elements due to difficulty in locating a suitable unbroken borehole for seating 

both packer elements. Two successful straddle tests were completed with the results provided 

in Table 15.  

For the single packer tests, the NQ drill string was run to base of the drill hole and the drill hole 

was flushed by pumping clean water through the rods. The aim of flushing was to remove drilling 

fluids and sediment from the drill hole that could act to reduce the formation hydraulic 

conductivity and block fractures. It is noted that following approximately 30 minutes of flushing 

at each drill hole, only BD16005 returned flows at the surface and could be considered to have 

been successfully flushed, and the effects of blocked fractures were observed in a number of 

tests at other drill holes, however, this was taken into account when assessing representative 

values of hydraulic conductivity. Given the relatively low permeability results returned at depth, 

it is considered that the bulk of the lost circulation and lack of returns during flushing may have 

been through loss of water in the shallower unsaturated formation. 

Core photos from each of the drill holes to be tested had first been assessed to identify suitable 

locations (depth) for packer placement that would maximise the potential for sealing of the drill 

hole and minimise potential for damage to the packer element. Testing comprised Lugeon 

injection testing which involves injecting water at a series of increasing pressure steps and 

recording the flow to the formation at each pressure. The pressure is stepped upwards for 3 to 

5 pressure steps and then cycled back through the same sequence of pressures to assess for 

changes in the formation properties, either through blocking or through fracture dilation. 

Testing for each drill hole proceeded in a cumulative fashion with the packer being placed at 

lithological boundaries or selected intervals as successive tests at increasing elevations 

(decreasing depth) were conducted on the way out of the drill hole. In testing this way each 

successive test zone incorporates the test zone of the preceding test. The tests provide a bulk 

hydraulic conductivity value for the entire formation from the packer to the base of the drill hole, 

but it is also possible to derive the incremental bulk hydraulic conductivity attributable to each 

successive test. Results are summarised on Table 14 and Table 15. 

 Geotechnical Investigations 

As part of the geotechnical investigations in the TSF embankment footprint, ATC Williams 

(2020a) installed and tested three boreholes to depths ranging from 25 m to 33 m. Permeability 

testing included packer testing and falling head tests. Two piezometers were installed (BGW60 

and BGW61).  Reported permeabilities for bedrock ranged from 6.9x10-6 m/s in shallow regolith 

to 1.6x10-10 m/s in fresh bedrock (equivalent to 0.6 m/d to 1.4x10-5 m/d). 



BOWDENS SILVER PTY LIMITED  SPECIALIST CONSULTANT STUDIES  

Bowdens Silver Project Part 5: Groundwater Assessment 

Report No. 429/25 

5 - 82 
 

– Jacobs Group (Australia) Pty Limited 
 

 

Table 14 
  

Packer Testing Summary – Bulk Permeability 

Depth From Depth To Dominant Formation 

Derived Formation Hydraulic 

Conductivity (m/day) 

BD16003 

85.2 109.2 Volcanic Breccia N/A 

109.2 139.2 Rylstone Volcanics (undifferentiated) N/A 

139.2 241.2 Welded Tuff / Ignimbrite 1.14x10-2 

241.2 278.2 Crystal Tuff N/A 

278.2 393.2 Coomber Formation 1.31x10-3 

393.2 456.7 Coomber Formation 8.02x10-4 

BD16005 

53.7 91.7 Rylstone Volcanics (undifferentiated) 2.29x10-5 

91.7 151.7 Volcanic Breccia N/A 

151.7 220.7 Welded Tuff / Ignimbrite N/A 

220.7 283.7 Welded Tuff / Ignimbrite 1.94x10-4 

283.7 316.7 Crystal Tuff N/A 

316.7 351.9 Coomber Formation 3.26x10-4 

BD16007 

88.2 154.2 Welded Tuff / Ignimbrite 1.49x10-2 

154.2 211.2 Welded Tuff / Ignimbrite N/A 

211.2 281.2 Crystal Tuff 1.15x10-2 

281.2 312.2 Crystal Tuff N/A 

312.2 342.8 Coomber Formation 7.52x10-4 

BD17010 

88.2 

142.2 

Volcanic Breccia plus Welded Tuff / 

Ignimbrite 

6.03x10-5 

142.2 166.2 Welded Tuff / Ignimbrite N/A 

166.2 226.2 Crystal Tuff 1.53x10-5 

226.2 240.1 Coomber Formation 6.70x10-4 
 

Table 15 
  

Packer Testing Summary – Discrete Permeability 

Depth From Depth To Structure / Formation Lugeon Value 

Derived Hydraulic 

Conductivity (m/day) 

BD16007 

213.7 218.7 

Fracture Zone  

Crystal Tuff 0.2 2.7x10-3 

331.2 336.2 

Fracture Zone 

Coomber Formation 15.4 0.19 



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 83 

 

 Hydraulic Conductivity Summary 

Hydraulic conductivity values derived from airlift testing are presented alongside the packer 

testing results and previous hydraulic testing results against depth on Figure 19 and Figure 20. 

On Figure 19 the packer testing and airlift testing derived hydraulic conductivity values are 

presented as the bulk hydraulic conductivity over the depth interval tested. On Figure 20 the 

results are plotted at the average depth tested. 

Figure 19 presents test results by test type. No bias due to test methodology is indicated, and 

the airlift testing results fall within previously measured hydraulic conductivity values. Figure 20 

presents the test results grouped according to dominant lithology, again no strong bias due to 

lithology is indicated, although as expected, alluvial results are fairly consistently elevated. It is 

noted that the very lowest permeability values are associated with the volcanic units and not the 

Coomber Formation, however, this may be due to the deeper packer testing locations within the 

Coomber Formation being targeted in the vicinity of the major north-south trending structures. 

Tested drill holes that are known to intersect, or are inferred to intersect, one of the major north-

south trending structures are also indicated. The results show that the presence of these 

structures does not always equate with increased permeability, although it is still considered that 

proximity to these structures will increase the chance of encountering increased fracturing and 

permeability.   

Figure 19 Hydraulic Conductivity vs Depth by Test Type 
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Figure 20 Hydraulic Conductivity vs Average Depth by Lithology 

 

 Porosity 

Estimates of formation porosity have been derived from the core samples that were used for 

determining specific gravity. The porosity estimate has been determined from the total sample 

volume and saturated water content (saturated weight less dry weight) of the core sample. 

Porosity determinations have been made from 244 core samples from 10 drill holes. The results 

are presented on Figure 21 and Figure 22, and are summarised on Table 16. 

Table 16 
  

Formation Porosity Determinations 

 

Coomber 

Formation 

Volcanic 

Breccia Crystal Tuff Ignimbrite 

Rylstone Volcanics 

(undifferentiated) 

Shoalhaven 

Group 

No. Samples 24 53 48 51 20 6 

Mean 0.5% 2.2% 1.3% 1.9% 1.8% 5.1% 

Median 0.5% 2.1% 1.2% 1.4% 1.2% 3.9% 

 

It is noted that the selection process of the core samples for analysis specifically avoids 

noticeable discontinuities. As such the values provided can be considered applicable for the 

intact, unfractured and non-jointed lithology and are indicative of the minimum likely porosity 

values for the bulk formation. 
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Figure 21 Porosity Determination by Drill Hole 

 
 

Figure 22 Porosity Determination by Lithology 
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From Figure 21 and Figure 22 a reasonable correlation of porosity with both depth of sample 

and lithology is apparent, with a reduction in the range of porosity values with depth. 

The formation with the least variation and lowest observed porosity is the Coomber Formation. 

Results for the Coomber Formation are considered to be more indicative of deeper fresh 

occurrences of this formation. Where this formation outcrops to the south of the Mine Site at 

shallower depths porosities are likely to be higher, enhanced by weathering and unloading, as 

is observed with the shallow samples and elevated porosity of the Shoalhaven Group. 

Of the volcanic formations the Crystal Tuff returned the lowest average porosity of 1.3%, and 

the Volcanic Breccia the highest at 2.2%. 

 Specific Storage 

Storage coefficients have been derived from the respective constant rate pumping tests for the 

ignimbrite (BGW108) and Coomber Formation (BGW10). 

It is also possible to derive values for specific storage from rock strength data, including Young’s 

Modulus, also known as the modulus of elasticity, and Poisson’s Ratio. Young’s Modulus is a 

measure of the stiffness of a solid material, while Poisson’s Ratio is a measure of lateral 

expansion divided by axial compression under load. 

Specific storage is determined as the product of rock compressibility and the unit weight of water, 

where rock compressibility is a function of Poisson’s Ratio and Young’s Modulus. 

Poisson’s Ratio and Young’s Modulus have been determined from laboratory testing of core 

samples that were undertaken for geotechnical investigations completed in 2012 (AMC, 2012). 

The testing is undertaken on intact core samples and the resultant values of specific storage are 

of the intact rock mass and do not take into account any fractures or discontinuities. As such, 

the values derived are indicative of the minimum likely values for the bulk formation. 

The determination of specific storage has been undertaken by applying the average values of 

Poisson’s Ratio and Young’s Modulus for each lithology type to derive a representative specific 

storage value for the particular lithology. Results are presented on Table 17. 

Table 17 
  

Specific storage determinations 

Lithology 

No. 

Samples 

Average Youngs 

Modulus (GPa) 

Average 

Poisson’s 

ratio 

Compressibility 

(LT2/m) 

Calculated 

Specific Storage 

(m-1) 

Ignimbrite 5 31.1 0.25 4.8x10-8 4.7x10-7 

Breccia 5 6.0 0.25 2.5x10-7 2.5x10-6 

Crystal Lithic Tuff 6 14.1 0.26 1.1x10-7 1.1x10-6 

Sandstone 2 13.8 0.22 1.0x10-7 1.0x10-6 

 

The result derived for the ignimbrite unit of 4.7x10-7 m-1 is two orders of magnitude lower than 

the average value derived at late time from the BGW108 pumping test of 2.6x10-5 m-1, 

demonstrating the significant influence that fracturing has on the availability of groundwater 

released from storage. The elevated values derived from test pumping are also likely influenced 

by gravity drainage of groundwater from the fracture network in the host rock. 
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4.5.11 Groundwater Levels 

Comprehensive groundwater monitoring has been undertaken on site and throughout the 

surrounding area since March 2012. The monitoring network includes a network of private bores 

in addition to the site monitoring bores as described in Section 4.5.6. The layout of the 

groundwater monitoring network is provided on Figure 23. 

Groundwater level hydrographs for the period from April 2012 to October 2018 are presented on 

Figure 24 to Figure 26. The hydrographs are separated into monitoring bores identified as 

intersecting alluvium (Figure 24), regional monitoring bores (Figure 25a and b), and Mine Site 

monitoring bores (Figure 26a and b). The CRD is also presented on the hydrographs for 

comparison. The distinction between Mine Site and regional monitoring is based on the Mine 

Site boundary, with those monitoring bores within, or close to, the Mine Site boundary falling into 

the Mine Site monitoring bore category. It is noted that half of the alluvial monitoring bores 

(BGW48, BGW49, BGW51, BGW53, BGW54, and BGW61) are within the Mine Site boundary. 

Water levels in alluvial monitoring bores, as shown on Figure 24, show significant fluctuation 

with longer term trends showing a close correlation to the CRD. 

Water levels in the regional monitoring bores on Figure 25 also show a correlation with CRD, 

although at the scale plotted this is less apparent, particularly in those monitoring bores that are 

situated in hard rock. Monitoring bores with water level less than 10 metres below ground level 

(mbgl), generally show similar magnitude in water level fluctuations to the alluvial monitoring 

bores, with this fluctuation decreasing with an increasing depth to water. 

BGW36 (Figure 25) displays an exaggerated response with close correlation to the CRD, with 

in excess of 30 m variation in water level over the period of monitoring. BGW36 is located 

approximately 2.4 km to the east-southeast of the open cut pit area and 100 m from a private 

residence. It is inferred that the exaggerated water level fluctuations are most likely due to local 

groundwater use, such as irrigation, exacerbating dry period water level decline. Two other 

bores, BGW33 and BGW35, both located in the township of Lue, also show the influence of 

intermittent abstraction.  

The Mine Site hard rock monitoring bore hydrographs (Figure 26) generally display similar 

trends to those of the regional hard rock monitoring bores. The majority of Mine Site monitoring 

bores show a response to a recharge event in mid-2016. 

Apparent on Figure 26a is the drawdown and recovery at BGW108 in response to the pumping 

test that was undertaken in November 2014 (Section 4.5.8). BGW108 also shows another 

significant period of pumping from December 2013 through to February 2014, as discussed 

previously in Section 4.5.9. During this period of abstraction responses are observed in a number 

of other Mine Site monitoring bores, as discussed in Section 4.5.9. BGW108 displays a very 

slow recovery, indicative of a limited hydraulic connection with the regional groundwater system. 
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Figure 23 Bowdens Silver Groundwater Monitoring Network 
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Figure 24 Alluvial Monitoring Bore Hydrographs (April 2012 to October 2018) 
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Figure 25a Regional Monitoring Bore Hydrographs 
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Figure 25b Regional Monitoring Bore Hydrographs (Lue) 
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Figure 26a Mine Site Monitoring Bore Hydrographs 
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Figure 26b Mine Site Monitoring Bore Hydrographs 
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 Paired Monitoring Bore Locations 

A number of monitoring locations include paired, deep and shallow monitoring bores. These 

locations are summarised on Table 18 and hydrographs are presented on Figure 27. The 

monitoring locations are provided on Figure 23. 

Table 18 
  

Paired Monitoring Locations 

Location Bore ID 
Drilled Depth 

(mbgl) 

Screened 

Interval (mbgl) 
Screened Formation 

Pit South BGW28 6 0-6 Alluvium 

BGW27 90 58-70 Coomber Formation 

KCN Spring BGW29 6.5 1.5-6.5 Volcanic Breccia 

BGW38 100 88-94 Volcanic Breccia 

Hawkins Creek (upstream) BGW53 12 3-9 Alluvium 

BGW52 30 17-23 Coomber Formation 

Hawkins Creek (downstream) BGW48 6 1-6 Alluvium 

BGW47 48 36-42 Rylstone Volcanics 

Hawkins Creek (mid-chainage) BGW51 12 3-9 Alluvium 

BGW50 28 21-27 Coomber Formation 

TSF BGW61 5 1-5 Alluvium 

BGW60 33 21-33 Rylstone Volcanics 

 

Figure 27 Paired Monitoring Bore Hydrographs 
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From Figure 27 the following trends are apparent: 

• South of the open cut pit area at BGW27/BGW28 (Pit South) there is an 

approximately 8 to 10 m head (water level) difference between the groundwater 

level in the Coomber Formation and the shallow alluvial groundwater system. This 

shows net downward hydraulic gradient (although the two systems are likely 

disconnected) and indicates the potential for recharge/leakage from the alluvium 

to the deeper groundwater. The predominantly flat response at BGW28 suggests 

that for the majority of the time the shallow water level is below the level of the 

screen, at approximately 578 mAHD, with only intermittent responses to rainfall 

events. 

• A similar but more marked difference is observed at BGW29/BGW38 in the vicinity 

of KCN Spring, located on the southeastern flank of Lydiard Ridge. At this location, 

the head difference is of the order of 18 m. This difference in water levels indicates 

that the spring is likely to be the surface expression of a shallow water table and 

unlikely to be connected to the deeper groundwater system. 

• At sites BGW50/BGW51, and BGW52/BGW53, the deep and shallow groundwater 

systems show relatively uniform levels and responses, indicating hydraulic 

connectivity. This is likely an area of seasonal recharge and discharge. Upstream 

at BGW52/BGW53, shallow alluvial groundwater levels are marginally higher than 

deeper groundwater levels, indicating a net downwards gradient, albeit very minor. 

At BGW50/BGW51, the opposite is true, with deep groundwater levels typically 

slightly elevated above shallow groundwater levels, indicating a net upwards 

gradient. Average groundwater levels at BGW51 and BGW53 are at a similar 

elevation to the bed of Hawkins Creek, indicating a seasonal variation between 

groundwater discharge to baseflow and groundwater recharge conditions. 

• BGW47 and BGW48, while not paired, are located in close proximity to each other 

in the vicinity of Hawkins Creek. The deep groundwater levels observed at BGW47 

are consistently elevated above the shallow groundwater levels of BGW48, 

indicating a zone of permanent upward hydraulic gradient and discharge from deep 

groundwater to shallow groundwater. At BGW48, average groundwater elevations 

slightly below the inferred creek bed elevation of Hawkins Creek, indicating a 

predominantly losing stream at that location, with groundwater discharge as 

baseflow after sustained recharge events.  

• At BGW60/BGW61 in the area of the TSF, the water levels of the deeper 

groundwater system are generally elevated above the shallow alluvial water level.  

Prior to April 2018, the deeper water level was elevated by approximately 1 to 1.5 

m over the shallow water level. Following high rainfall and corresponding rise in 

CRD in the preceding months, the shallow water level in BGW61 briefly exceeded 

the deeper water level before receding and remaining approximately 0.5 m below 

BGW60 for the remainder of the observation data. 
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 Groundwater Contours and Flow 

Composite groundwater level contours derived from the results obtained from the groundwater 

monitoring network are provided on Figure 28. The groundwater contours plotted are generated 

from average water levels from all available data between February 2012 and October 2018. 

Where obvious influences of groundwater pumping are apparent, such as at BGW35 and 

BGW55, an equivalent natural water level has been approximated. 

The composite groundwater elevation map provides a good overview of groundwater flow in the 

study area. The groundwater contours indicate lines of equal groundwater elevation. 

Groundwater flow direction is inferred as being directly down gradient, perpendicular to the 

contours. 

From Figure 28, the following key flow characteristics are apparent: 

• The groundwater contours show a good correlation with topography and indicate 

groundwater flow is generally from areas of higher elevation to areas of lower 

elevation.  

• Groundwater flow directions are variable. In the TSF and open cut pit area 

however, a general southeasterly flow direction is indicated. 

• Through the central Mine Site area, the hydraulic gradient is typically 1:40 or 0.025. 

• Groundwater contours indicate that Hawkins Creek is a groundwater sink and as 

such the creek and associated alluvial areas (valley fill) are likely a point of regional 

groundwater discharge. This is consistent with the upwards head gradients 

observed between BGW47 and BGW48. 

• Groundwater contours in the open cut pit area are disrupted compared to the 

relatively uniform contours intervals elsewhere and indicate a general flattening of 

the water table in the southern open cut pit area. This could be indicative of a highly 

connected fracture network and proximity to the major fault structures, or may be 

artificially induced by the high density of drill holes in the area. 

• Groundwater elevations in the open cut pit area range from around 610 mAHD in 

the north to 590 mAHD in the south to southeast. Depth below ground level is 

highly variable and dependant on topography, but typically ranges from 

approximately 2 mbgl in the lower reaches of Blackmans Gully to 60 mbgl beneath 

the elevated ridges in the central mining area. 

• Groundwater elevation beneath the TSF area ranges from approximately 600 

mAHD beneath the upper valley areas (10 to 60 mbgl) to approximately 560 mAHD 

beneath the lower embankment, which is near ground level in the middle of the 

valley. 

4.5.12 Groundwater Quality 

Comprehensive groundwater quality sampling has been undertaken on the regional monitoring 

network on a quarterly basis since January 2014. The layout of the groundwater monitoring 

network is provided on Figure 23. 
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Figure 28 Composite Groundwater Contours 
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The monitoring network for water quality includes alluvial and hard rock groundwater systems, 

springs, and surface water. The full comprehensive water quality sampling results for the period 

between January 2014 and August 2018 are summarised in Annexure 6. The dataset provides 

a comprehensive water quality baseline for comparison to any results of future water quality 

monitoring. For the purposes of this assessment of water quality, the key parameters of electrical 

conductivity and pH are discussed, as are the major ions for the purposes of water type 

characterisation and an indication of groundwater recharge processes. 

It is noted that groundwater sampling was rationalised following September 2016, including 

cessation of monitoring at spring locations which were deemed not to be connected to the 

regional water table. 

 Electrical Conductivity 

Electrical conductivity (EC) is presented on Figure 29 to Figure 31. For reference, measured 

EC from spring monitoring points are provided on Figure 32. A statistical summary of EC results 

is provided on Table 19.  

Table 19 
  

Electrical Conductivity Monitoring Summary (µS/cm) 

 Alluvium Site Regional Springs 

Count 123 518 184 44 

Mean 802.0 1420.3 1819.9 150.3 

Median 654.0 1260.0 1640.0 151.0 

Min 121.0 153.0 310.0 71.0 

Max 2620.0 5680.0 4060.0 252.0 

20th Percentile 330.8 938.8 1276.0 102.2 

80th Percentile 1316.0 1820.0 2644.0 189.0 

 

The alluvial groundwater EC is typically less than 1000 µS/cm, with two sites (BGW51 and 

BGW53) displaying higher but variable EC. The recharge event evident in the alluvial water 

levels in mid-2016 (Figure 24) is also observed in the water quality results at several monitoring 

locations. At BGW51 and BGW53 this response is apparent as a distinct decrease in EC due to 

the influx of rainfall recharge, whereas at BGW05 and BGW06 the response is an increase in 

EC due to the flushing of salts within the soil profile and unsaturated aquifer material. BGW48, 

BGW49 and BGW54 show no significant response. 

Regional hard rock aquifer groundwater salinity (Figure 30) is typically in the range 1000 to 3000 

µS/cm. BGW56, located in the Rail Reserve in Lue, is notably fresher at approximately 300 

µS/cm, and may be associated with Lawsons Creek alluvium, rather than the hard rock aquifer. 

Most monitoring locations display relatively stable trends, however, BGW07 displays a decrease 

from 3350 µS/cm to 1350 µS/cm between October 2015 and February 2016, which is 

unexplained, however, the subsequent data is more consistent with other regional monitoring 

results.  



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 99 

 

Figure 29 Alluvial Monitoring Bore Electrical Conductivity (January 2014 to August 2018) 

 
 

Figure 30 Regional Monitoring Bore Electrical Conductivity (January 2014 to August 2018)  
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Figure 31a Site Monitoring Bore Electrical Conductivity (January 2014 to August 2018)  

 
 

Figure 31b Site Monitoring Bore Electrical Conductivity (January 2014 to August 2018)  
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Figure 32 Spring Electrical Conductivity (January 2014 to September 2016)  

 
 

The EC at Mine Site monitoring bores (Figure 31) is typically below 2000 µS/cm, with an average 

value of 1420 µS/cm (Table 19). BGW15, BGW38, and BGW108 show elevated EC, typically in 

the range 2000 to 3000 µS/cm. Historic EC results at BGW12 were anomalously elevated and 

in excess of 5000 µS/cm, however EC at BGW12 has been consistently declining and is currently 

approximately 3000 µS/cm. BGW38 and BGW50 also display a strong decrease in EC, and 

subsequent recovery to background levels, following the mid-2016 recharge event.  

The EC results at the spring monitoring locations are considerably fresher than both the alluvial 

and hard rock aquifer water quality. This indicates that the springs are derived from seepage 

and surface expression of recent rainfall recharge and interflow within the soil profile rather than 

groundwater, as is discussed further in Section 4.5.12.4. Spring water EC ranges from 71 to 252 

µS/cm, with an average of 150 µS/cm. 

 pH 

Groundwater monitoring results for pH are presented on Figure 33 to Figure 35. For reference 

pH from spring monitoring points are also provided on Figure 36. A statistical summary of pH 

results is provided on Table 20.  

The majority of pH measurements from groundwater samples fall in the range 6.8 to 7.6. 

Groundwater pH results for Mine Site monitoring bores show the greatest range, from 5.2 to 8.9, 

with the alluvial bores showing the lowest range, from 5.6 to 7.1. Median pH values from all 

groundwater and spring samples were within a similar range, from 6.7 to 7.2. 
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Figure 33 Alluvial Monitoring Bore pH (January 2014 to August 2018) 

 
 

Figure 34 Regional Monitoring Bore pH (January 2014 to August 2018) 
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Figure 35a Mine Site Monitoring Bore pH (January 2014 to August 2018) 

 
 

Figure 35b Mine Site Monitoring Bore pH (January 2014 to August 2018) 
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Figure 36 Spring pH (January 2014 to September 2016) 

 
 

Table 20 
  

pH Monitoring Summary 

 Alluvium Site Regional Springs 

Count 123 518 187 44 

Mean 6.7 6.9 7.2 6.8 

Median 6.7 7.0 7.1 6.8 

Min 5.6 5.2 6.3 3.7 

Max 7.7 8.9 8.6 9.4 

20th Percentile 6.4 6.5 6.9 6.0 

80th Percentile 7.1 7.3 7.6 7.7 

 

Individual groundwater monitoring locations show some variation in pH, however these 

variations are typically less than one pH unit. pH levels from the spring samples show the largest 

total range, from 3.7 to 9.4, and also the highest variability with individual samples varying by 

2 to 3 pH units. The lowest spring pH is attributed to BSW17, excluding this site the other spring 

pH values range from 5.7 to 9.4. Rainfall is typically mildly acidic, with pH in the range of 5 to 6. 

The highly variable acidity observed in the spring samples is attributed to varying soil properties, 

with abundance of CO2 resulting in more acidic groundwater and HCO3 generating more alkaline 

groundwater. 
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 Water Types 

Major anion and cation concentrations from the water samples are presented on a Piper Diagram 

in Figure 37. The Piper Diagram (Piper, 1944) can be used to identify different water types, or 

hydrochemical facies. 

Figure 37 Piper Diagram 

 
 

Normalised anion and cation concentrations (as milliequivalents per litre) are plotted in the 

corresponding ternary fields and are then projected into the rhomboid field to aid in the 

classification and comparison between water samples of different ionic compositions. 

Given the extremely large water quality data base, it is not feasible to plot all individual samples. 

To aid in the identification different hydrochemical facies, the average ionic compositions from 

all sampling events have been applied for each monitoring location. 

It is noted that the samples grouped as Coomber Formation, Rylstone Volcanics or Sydney 

Basin, typically correlates with the Mine Site monitoring bores where lithology is known. The 

Sydney Basin samples related to bore installed in either the Illawarra Coal Measures or 

Shoalhaven Group. Fractured rock monitoring bores are from the non-alluvial regional 

monitoring bores where detailed lithology is not known. 
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The dominant water types are summarised on Table 21. From Table 21 and Figure 37 there 

are a broad range of water types represented within the monitoring network, with no one sample 

group displaying distinct characteristics. 

Table 21 
  

Water Types 

Sample Group Cation Type Anion Type 

Alluvium 

Typically no dominant cation. Three 

bores (BGW01, BGW03, and 

BGW06) plot as sodium plus 

potassium dominant. 

Typically no dominant anion. BGW54 

plots as bicarbonate dominant with 

BGW03 chloride dominant and 

BGW51 sulphate dominant. 

Fractured Rock 

No dominant cation, three bores 

(BGW8, BGW15 and BGW17) 

sodium plus potassium dominant. 

Bicarbonate dominant to no dominant 

anion. 

Coomber Formation 

No dominant cation. Minor 

magnesium (BGW47) or sodium 

plus potassium dominant (BGW41). 

Bicarbonate dominant to sulphate 

dominant. 

Rylstone Volcanics No dominant cations. Bicarbonate to sulphate dominant. 

Sydney Basin No dominant cations. Bicarbonate to chloride dominant. 

Surface Water 

Tending towards sodium plus 

potassium dominant. 

No dominant anion to sulphate 

dominant. 

Springs 

Sodium plus potassium, or no 

dominant cation. 

Bicarbonate dominant or no dominant 

anion. 

 

In the cation field most of the hard rock aquifer samples (Fractured Rock, Coomber Formation, 

Rylstone Volcanics and Sydney Basin), all plot within a similar range and display a trend from 

no dominant cation through to sodium and potassium dominant, with those samples in the 

sodium plus potassium range representing more mature groundwaters. Groundwater typically 

undergoes a compositional change, moving from calcium dominant to sodium dominant as it 

matures while flowing through the aquifer. All of the other samples (Alluvium, Surface water, and 

Springs) also lie within this range. 

Within the anion field there is generally a fairly even distribution throughout, with the exception 

of a general lack of any strongly chloride dominant samples. Within the hard rock aquifer system, 

the Coomber Formation, Rylstone Volcanics and Fractured Rock samples tend to be more 

bicarbonate to sulphate orientated, while the Sydney Basin samples trend from bicarbonate to 

chloride dominated. Surface water samples show a relatively narrow range of chloride (20-40%) 

but also show a distinct trend from bicarbonate dominant to sulphate dominant. 

Elevated sulphate concentrations may result due to dissolution of naturally occurring gypsum in 

the soil profile or from sulphide minerals within the aquifers. Waste characterisation was 

undertaken of samples from the proposed open cut pit, comprising sandstone, crystal tuff, and 

volcanic breccia (GCA, 2020). The results of testing noted samples, particularly from the 

volcanics as being a source of sulphate and manganese. 

The distribution of springs samples suggests more of a trend from bicarbonate to chloride 

dominance. 
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 Major Hydrogeochemical Processes 

Several factors control the development of groundwater chemistry. Key influences can be related 

to the physical situation of the aquifer (e.g. confined or unconfined, proximity to sources of 

recharge or evapotranspiration etc), formation mineralogy and climate. Gibbs (1970) correlated 

the relative dominance of major cations and anions against total dissolved solids (TDS) to 

illustrate the major natural mechanisms influencing groundwater chemistry, with the three major 

influences being either: rainfall dominance, resulting in recharge and dilution; rock weathering, 

resulting in ion exchange of sodium and chloride; and evaporative concentration. 

Gibbs diagrams for cations (sodium, potassium and calcium) and anions (chloride and 

bicarbonate) are provided on Figure 38 and Figure 39 respectively. Similarly to the Piper 

Diagram (Figure 37), due to the very large data set, the average ionic compositions have been 

applied for each sampling location. 

It is noted that since the anion diagram does not include sulphate, which is shown to be a 

significant constituent of groundwater (Section 4.5.12.3), less emphasis should be placed on the 

anion interpretation compared to the cations. 

Figure 38 Gibbs Diagram – Na + K / Na + K + Ca 
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Figure 39 Gibbs Diagram – Cl / Cl + HCO3 

 
 

From Figure 38 and Figure 39 the following can be determined. 

Groundwater 

• The majority of groundwater monitoring locations show a formation influence on 

groundwater chemistry. However, a number of monitoring locations suggest an 

evaporative influence. In particular BGW03 and BGW06 (alluvial), BGW15, 

BGW17, and BGW31 (Fractured Rock), BGW41 (Coomber Formation), BGW07, 

BGW08 and BGW12 (Sydney Basin), suggest evaporative influences. This 

indicates that groundwater at these locations has received evaporatively enriched 

water from either a surface water source or shallow groundwater. 

• A number of the alluvial monitoring locations (BGW05, BGW53 and BGW54) are 

formation dominant with mixing influences from recharge apparent at BGW48 and 

BGW49. BGW03 and BGW06 show evaporative influences, and BGW01 plots as 

strongly rainfall dominant. The formation influences may be indicative of the alluvial 

aquifer receiving through flow from the hardrock aquifers in those locations 

Surface Water  

• Several surface water monitoring locations (BSW07, BSW11, BSW12, BSW19, 

BSW21, and BSW22) are closely associated with formation dominant groundwater 

suggesting a significant groundwater contribution to surface water upstream of 

these monitoring locations. Five sites (BSW03, BSW05, BSW06, BSW08, and 

BSW15) plot as strongly influenced by rainfall. The remainder of the surface water 

monitoring locations plot closely to the rainfall dominance zone and suggest a 
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mixing of rainfall and groundwater influences. It is noted that two of the surface 

water monitoring locations (BSW07 and BSW11, correspond to adjacent alluvial 

monitoring location (BGW51 and BGW53 respectively), but are offset in the 

direction of dilution by rainfall. 

• In addition, two monitoring locations (BSW13 and BSW20) display evaporative 

influences. 

Springs 

• None of the springs sampled display a strong correlation with formation 

groundwater, although BSW16 and BSW23 may be indicative of mixing of water 

sources. Rather, the results suggest a dominance of rainfall recharge influences 

and it is likely that these springs result from interflow through the soil profile as 

opposed to groundwater discharge from aquifers. 

 Water Quality Guidelines 

The results of comprehensive hydrochemical analyses of water quality samples (Annexure 6) 

have been compared against relevant guideline values to identify any elements or physical 

parameters which may be of concern in terms of either an aquatic ecosystem toxicity or human 

health perspective. The relevant guidelines include the Australian and New Zealand Guidelines 

for Fresh and Marine Water Quality (ANZG, 2018), and the Australian Drinking Water Guidelines 

(ADWG, 2011) (the Drinking Water Guidelines). 

Individual exceedances of the relevant guideline value for individual samples are highlighted in 

Annexure 6. For simplicity, only exceedances by mean constituent concentrations from all 

samples are discussed in the following sections. Guideline values calculated mean 

concentrations for all monitoring locations, and the identification of results where the calculated 

mean exceeds guideline values are summarised on Table 22. 

ANZ Guidelines 

The ANZ Guidelines provide guidelines for the protection of aquatic ecosystems. For this 

assessment, trigger values for physical and chemical stressors for slightly disturbed ecosystems 

- upland rivers (above 150 mAHD) have been applied, and for potentially toxic constituents, such 

as dissolved metals, the trigger values for 95% protection of freshwater aquatic ecosystems 

have been applied.  

It is noted that due to the number of exceedances of the ANZ Guidelines within the baseline 

data, for operational purposes, it is recommended that site specific trigger values, reflecting the 

formation influences on groundwater chemistry, be developed using the methodology prescribed 

in the ANZ Guidelines. 

Physical and Chemical Stressors 

Concentrations of total nitrogen, total phosphorus, nitrates of nitrogen, and EC consistently 

exceed trigger values for slightly disturbed ecosystems - upland rivers. Key exceptions with 

regard to EC are for surface water samples from BSW03, BSW04, BSW05, BSW06, BSW08 

and BSW15, where mean EC was below the 350 µS/cm trigger value, as were groundwater 

samples from BGW01, BGW27A, BGW29, BGW48 and BGW49, and all of the spring samples. 
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ANZG 350 6.5-7.5 0.015 0.015 0.25 0.02 0.013 0.0002 0.001 0.0014 0.0034 0.0025 1.9 0.0011 0.008 

ADWG - 6.5-8.51 50 - - - 0.01 0.002 0.05 2 0.01 - 0.5 0.02 - 

Alluvial Monitoring Bore 

BGW01 131 5.98 0.584  1.200 0.066    0.001  0.002 0.006 0.002 0.016 

BGW03 2320 7.18 0.040 0.050 1.150 0.050    0.002 0.003 0.704 0.314  0.018 

BGW05 638 6.45 0.093  0.345 0.052  0.0001  0.012  0.003 1.916 0.006 0.025 

BGW48 278 6.86 0.615 0.420 4.250 0.570 0.004 0.0004 0.001 0.015 0.004 0.004 0.356 0.003 0.022 

BGW49 328 6.51 0.548 0.017 1.824 0.807 0.020 0.0002  0.002 0.002 0.004 0.210 0.002 0.021 

BGW51 1281 6.60 0.106  0.578 0.642 0.002 0.0008  0.004 0.007 0.086 0.629 0.004 0.039 

BGW53 1283 7.23 3.407 0.020 4.006 0.110  0.0002  0.003  0.004 0.008 0.001 0.009 

BGW54 453 6.64 0.985 0.030 5.288 3.839 0.002   0.001  0.001 0.611 0.005 0.006 

Mine Site Monitoring Bore 

BGW102 1380 7.40   0.850 0.180 0.078 0.0003  0.013 0.014 0.360 2.847 0.003 0.126 

BGW106 1219 6.99 0.148 0.020 0.488 0.033 0.002 0.0002 0.001 0.003 0.003 0.166 0.851 0.004 0.150 

BGW107 1476 6.76 0.033 0.020 0.306 0.100 0.009   0.003 0.016 0.326 1.752 0.003 0.060 

BGW108 2363 6.86 0.125  0.607 0.217 0.290 0.0002  0.002 0.016 0.483 1.478 0.003 0.373 

BGW10 1349 7.06 0.164  0.883 0.045 0.015   0.002  0.073 0.326 0.002 0.008 

BGW11 1865 6.59 0.056 0.010 0.455 0.067 0.002   0.001  0.136 0.106 0.003 0.020 

BGW12 4364 6.41 0.576 0.059 1.679 0.189 0.001 0.0001  0.003  0.131 0.422 0.042 0.214 

BGW15 2933 7.26 0.333 0.043 0.536 0.158 0.001 0.0001  0.002 0.003 0.656 0.097 0.001 0.012 

 
Indicates exceedance of ANZ Guideline trigger 

values  
Indicates exceeds both ANZ Guideline and 

Drinking Water Guidelines  
Indicates exceedance of Drinking 

Water Guidelines health based value 
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ANZG 350 6.5-7.5 0.015 0.015 0.25 0.02 0.013 0.0002 0.001 0.0014 0.0034 0.0025 1.9 0.0011 0.008 

ADWG - 6.5-8.51 50 - - - 0.01 0.002 0.05 2 0.01 - 0.5 0.02 - 

Mine Site Monitoring Bore (Cont’d) 

BGW16 1347 7.15 0.658 0.090 0.812 0.048    0.001  0.068 0.014  0.007 

BGW17 1624 7.94 0.778 0.090 0.971 0.082 0.002   0.002  0.214 0.079  0.007 

BGW18 1121 6.82 0.051  0.365 0.051 0.003   0.001  0.065 23.392 0.004 0.075 

BGW19 950 6.65 0.045 0.020 0.760 0.320 0.085 0.0002  0.002 0.002 0.065 3.895 0.001 0.015 

BGW20 774 6.13 0.237  0.631 0.135 0.033 0.0001  0.002 0.002 0.046 29.495 0.004 0.078 

BGW27 486 6.89 0.508  0.700 0.286 0.008      0.765 0.002 0.045 

BGW27A 294 6.02 0.062  0.350 0.456 0.053 0.0001  0.003   7.230 0.013 1.112 

BGW29 326 7.03 2.708 0.020 3.433 0.203  0.0002  0.002  0.002 0.024 0.002 0.031 

BGW38 2109 6.99 1.266 0.025 1.839 0.169 0.002 0.0001  0.002  0.073 2.076 0.003 0.039 

BGW39 1191 7.36 0.185 0.010 0.444 0.082    0.002  0.073 0.029 0.008 0.013 

BGW40 1043 5.40 0.059 0.052 0.789 0.035 0.005  0.002 0.003 0.002 0.050 8.918 0.250 0.885 

BGW41 1304 7.15 0.138  0.447 0.176 0.004   0.001  0.618 0.200 0.003 0.061 

BGW42 940 6.14 0.063 0.020 0.422 0.042 0.015 0.0001 0.001 0.002  0.047 1.243 0.040 0.056 

BGW43 1366 6.32 0.157 0.030 0.500 0.065 0.008 0.0002    0.138 2.639 0.022 0.165 

BGW44 1671 7.33 0.344 0.270 0.628 0.069 0.001   0.005  0.225 0.156 0.003 0.012 

BGW45 1923 7.20 0.043 0.020 0.667 0.041 0.002   0.002 0.005 0.408 0.258 0.002 0.017 

BGW46 1168 7.23 0.090 0.015 0.744 0.137 0.105    0.001 0.601 1.602 0.001 0.012 

BGW47 1007 7.63 0.302 0.028 0.457 0.069 0.002   0.002  0.078 0.135  0.009 

BGW50 1166 7.15 0.394 0.010 0.775 0.043 0.002   0.002  0.085 0.218 0.003 0.027 

BGW52 836 7.43 1.136  1.583 0.020 0.001 0.0001  0.003  0.014 0.004 0.002 0.030 

 
Indicates exceedance of ANZ Guideline trigger 

values  
Indicates exceeds both ANZ Guideline and 

Drinking Water Guidelines  
Indicates exceedance of Drinking 

Water Guidelines health based value 
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ANZG 350 6.5-7.5 0.015 0.015 0.25 0.02 0.013 0.0002 0.001 0.0014 0.0034 0.0025 1.9 0.0011 0.008 

ADWG - 6.5-8.51 50 - - - 0.01 0.002 0.05 2 0.01 - 0.5 0.02 - 

Regional Monitoring Bore 

BGW06 708 6.84 0.105 0.020 2.239 0.248 0.002  0.001 0.006 0.003  0.223 0.004 0.021 

BGW07 2287 7.40 0.474 0.040 1.271 0.045    0.002  0.040 0.290 0.001 0.065 

BGW08 1665 7.38 0.110  1.425 0.239 0.005   0.005 0.005 0.287 0.098 0.003 0.037 

BGW09 1364 7.29 0.117 0.010 0.791 0.066 0.003   0.015  0.108 0.063 0.016 0.285 

BGW14 1786 6.78 0.150 0.020 0.483 0.100    0.002  0.234 0.029 0.003 0.017 

BGW21 2627 7.01 0.523 0.010 0.600 0.074 0.002   0.009 0.002 0.021 1.354 0.002 0.044 

BGW24 2068 6.88 2.842 0.064 3.524 0.052  0.0002  0.027   0.273 0.003 0.112 

BGW26 1563 6.98 0.377 0.015 0.594 0.065  0.0042  0.006  0.054 0.005 0.002 0.019 

BGW32 3095 7.10 5.530  6.000 0.090  0.0002  0.068 0.003  0.023 0.002 0.054 

BGW33 921 8.13 1.823  2.433 0.035 0.001  0.003 0.011 0.001 0.007 0.004 0.002 0.132 

BGW35 2415 6.90 5.080 0.033 5.947 0.028  0.0007  0.010 0.001 0.006 0.005 0.003 0.258 

BGW36 1186 8.06 0.136 0.010 0.446 0.046 0.001 0.0003  0.007 0.021 0.081 0.084 0.002 0.264 

BGW37 2703 6.93 10.878 0.020 11.925 0.030  0.0001  0.052  0.007 0.030 0.002 0.071 

BGW32 3095 7.10 5.530  6.000 0.090 0.020  0.0002  0.068 0.003 0.017 0.023 0.054 

BGW33 921 8.13 1.823  2.433 0.035 0.070 0.001  0.003 0.011 0.001 0.007 0.004 0.132 

BGW35 2893 6.90 5.549 0.038 6.727 0.037 0.055    0.012 0.001 0.011 0.006 0.128 

BGW36 1193 8.09 0.171  0.475 0.058 0.062 0.001 0.0003  0.008 0.029 0.081 0.038 0.263 

BGW37 2703 6.93 10.878 0.020 11.925 0.030 0.020  0.0001  0.042  0.007 0.026 0.071 

 
Indicates exceedance of ANZ Guideline trigger 

values  
Indicates exceeds both ANZ Guideline and 

Drinking Water Guidelines  
Indicates exceedance of Drinking 

Water Guidelines health based value 
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ANZG 350 6.5-7.5 0.015 0.015 0.25 0.02 0.013 0.0002 0.001 0.0014 0.0034 0.0025 1.9 0.0011 0.008 

ADWG - 6.5-8.51 50 - - - 0.01 0.002 0.05 2 0.01 - 0.5 0.02 - 

Springs 

BSW16 164 7.28 0.153  0.400 0.063 0.028 0.001   0.002   0.050 0.018 

BSW17 157 4.68 0.720  2.280 0.063 0.110    0.007  0.001 0.032 0.054 

BSW23 107 6.55 0.020  2.200 0.285 0.030 0.002   0.005 0.008  0.423 0.023 

BSW25 174 7.54 0.105  0.970 0.078 0.078 0.003   0.002 0.002  0.077 0.013 

BSW26 136 7.21 0.213  2.329 0.083 0.048 0.004   0.001 0.001  0.074 0.016 

BSW27 134 7.12 0.379  3.736 0.200 0.235 0.007   0.003 0.003  0.073 0.019 

 
Indicates exceedance of ANZ Guideline trigger 

values  
Indicates exceeds both ANZ Guideline and 

Drinking Water Guidelines  
Indicates exceedance of Drinking 

Water Guidelines health based value 
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The consistency of these exceedances throughout groundwater and surface water samples 

would suggest that the elevated levels are a representation of the predominantly disturbed local 

catchment, and are likely to be anthropogenic in origin, resulting from land uses such as grazing, 

horticulture, and pasture improvement, which have disrupted the natural hydrologic regime. 

Dissolved Metals 

The trigger values for the dissolved metals; copper, lithium, nickel and zinc, are consistently 
exceeded by median concentrations in most groundwater samples, with regular exceedances of 
cadmium, lead and manganese in most groundwater groups (with the exception of cadmium and 
manganese at the springs). 

Mean concentrations of chromium occasionally exceed trigger levels when the samples return 
positive values (greater than the limit of reporting). It is noted that positive results for chromium 
are only returned for groundwater samples. 

Hardness Modified Trigger Values 

The bio-availability of certain dissolved metals can be dependent on the hardness of the water 
due to complexation with carbonate ions. The ANZ Guidelines specify algorithms and factors for 
modifying trigger values according to water hardness for cadmium, chromium III, copper, lead, 
nickel, and zinc. 

With the application of the calculated hardness modified trigger values, the frequency of trigger 
exceedances are significantly reduced for the groundwater samples. Given that the springs are 
typically soft (a maximum hardness of 42 mg/L as CaCO3 at BSW25) the hardness modified 
trigger values have no influence. Table 23 lists the comparison against hardness modified trigger 
levels for the alluvial, Mine Site and regional monitoring bores.  

• Alluvial Monitoring Bores  

– BGW48 consistently exceeded the calculated hardness modified trigger values 

for cadmium, chromium, copper, lead, nickel and zinc. 

– Occasional exceedances of copper, nickel and zinc. 

• Mine Site Monitoring Bores 

– 12 exceedances of zinc (BGW12, BGW18, BGW20, BGW27, BGW27A, 

BGW29, BGW40, BGW41, BGW43, BGW102, BGW106 and BGW108), and 2 

exceedances of nickel (BGW27A and BGW40). 

• Regional Monitoring Bores 

– Moderate exceedances of zinc (BGW06, BGW08, BGW09, BGW24, BGW33, 

BGW35 and BGW36), copper (BGW06, BGW09, BGW24, BGW32 and 

BGW37), and two exceedances of nickel (BGW06 and BGW09), and one of 

cadmium (BGW26). 

Australian Drinking Water Guidelines 

The Drinking Water Guidelines are not mandatory standards; however, they are intended to 
provide a framework for good management of drinking water supplies that, if implemented, would 
assure safety at point of use.  
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Alluvial Monitoring Bore 

BGW01 10.8   0.0013  0.0020 0.0160 

BGW03 115.7   0.0015 0.0030  0.0180 

BGW05 156.0 0.0001  0.0119  0.0062 0.0248 

BGW48 56.2 0.0004 0.0010 0.0150 0.0040 0.0033 0.0223 

BGW49 73.8 0.0002  0.0020 0.0020 0.0024 0.0210 

BGW51 468.1 0.0008  0.0043 0.0070 0.0036 0.0386 

BGW53 352.6 0.0002  0.0026  0.0010 0.0092 

BGW54 117.4   0.0010  0.0045 0.0060 

Mine Site Monitoring Bore 

BGW102 625.2 0.0003  0.0125 0.0140 0.0030 0.1263 

BGW106 405.1 0.0002 0.0010 0.0032 0.0025 0.0037 0.1503 

BGW107 577.1   0.0025 0.0160 0.0030 0.0597 

BGW108 992.2 0.0002  0.0023 0.0158 0.0025 0.3727 

BGW10 542.0   0.0016  0.0016 0.0079 

BGW11 657.2   0.0010  0.0026 0.0199 

BGW12 977.4 0.0001  0.0029  0.0425 0.2143 

BGW15 516.3 0.0001  0.0020 0.0030 0.0010 0.0118 

BGW16 438.7   0.0010   0.0071 

BGW17 98.5   0.0016   0.0070 

BGW18 469.0   0.0010  0.0035 0.0749 

BGW19 425.4 0.0002  0.0018 0.0020 0.0010 0.0149 

BGW20 222.7 0.0001  0.0021 0.0020 0.0035 0.0777 

BGW27 132.4     0.0018 0.0450 

BGW27A 87.2 0.0001  0.0030  0.0125 1.1116 

BGW29 103.3 0.0002  0.0023  0.0015 0.0310 

BGW38 1215.7 0.0001  0.0018  0.0030 0.0387 

BGW39 475.9   0.0021  0.0084 0.0127 

BGW40 229.6  0.0020 0.0030 0.0020 0.2499 0.8845 

BGW41 156.7   0.0013  0.0029 0.0608 

BGW42 378.2 0.0001 0.0010 0.0017  0.0397 0.0564 

BGW43 637.7 0.0002    0.0216 0.1652 

BGW44 434.4    0.0052  0.0025 

BGW45 463.6    0.0015 0.0050 0.0023 

BGW46 474.5     0.0010 0.0010 

BGW47 337.5    0.0018   

BGW50 432.2    0.0021  0.0033 

BGW52 268.8  0.0001  0.0025  0.0020 

 Indicates exceedance of ANZ Guideline hardness modified trigger values 
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Table 23 (Cont’d) 
  

Comparison Against Hardness Modified Trigger Values 
Page 2 of 2 
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Regional Monitoring Bore 

BGW06 69.1  0.0010 0.0058 0.0026 0.0043 0.0205 

BGW07 602.1   0.0021  0.0014 0.0650 

BGW08 195.4   0.0053 0.0048 0.0030 0.0370 

BGW09 428.3   0.0152  0.0158 0.2847 

BGW14 712.8   0.0017  0.0027 0.0174 

BGW21 1256.4   0.0085 0.0020 0.0018 0.0444 

BGW24 807.9 0.0002  0.0267  0.0026 0.1125 

BGW26 559.6 0.0042  0.0058  0.0020 0.0189 

BGW32 1062.5 0.0002  0.0675 0.0030 0.0020 0.0535 

BGW33 311.6  0.0025 0.0107 0.0010 0.0020 0.1317 

BGW35 1121.1 0.0007  0.0097 0.0010 0.0034 0.2583 

BGW36 393.9 0.0003  0.0065 0.0211 0.0020 0.2644 

BGW37 1169.4 0.0001  0.0523  0.0020 0.0705 

Springs 

BSW16 36.9   0.0024  0.0034 0.0225 

BSW17 13.9   0.0065  0.0030 0.0803 

BSW23 29.4   0.0045 0.0080 0.0100 0.0225 

BSW25 42.1   0.0019 0.0015  0.0126 

BSW26 15.7   0.0013 0.0010  0.0150 

BSW27 16.3   0.0027 0.0028  0.0235 

 Indicates exceedance of ANZ Guideline hardness modified trigger values 

 

The following exceedances of the health-based Drinking Water Guidelines are noted. 

• Arsenic – exceedance in eight Mine Site monitoring bores and one alluvial 
monitoring bore. 

• Cadmium – one exceedance in regional monitoring bore (BGW26). 

• Lead – exceedance in three Mine Site monitoring bores and one regional 
monitoring bore. 

• Manganese - numerous exceedances in Mine Site monitoring bores, with 
occasional exceedance from alluvial and regional monitoring. As noted in 
Section 4.5.12.3, GCA (2020) have identified the presence of rhodochrosite in ore 
and waste rock material as source of manganese. 
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4.6 GROUNDWATER SUPPLY POTENTIAL 

In addition to mine dewatering (whether via in-pit sump pumping or perimeter dewatering bores), 

there is potential to access supplementary groundwater supply, if required, via the installation of 

additional groundwater bores within the Mine Site and surrounds. Previous investigations have 

identified that enhanced permeability and useful yields are possible from fractured rock aquifers 

in the vicinity of the major geological structures. In addition, deeper exploration drilling at the 

Mine Site and beyond 600 m in depth has confirmed large regional structures with significant 

porosity that have the potential to accommodate productive aquifers. It is understood that 

Bowdens Silver are not seeking to source water from groundwater bores for operational 

requirements (groundwater bores would be used for water supply during site establishment and 

construction). Water that cannot be sourced from Mine Site water storage, TSF return water or 

dewatering of the open cut pit would be supplied externally from either the Ulan Coal Mine and/or 

Moolarben Coal Mine via a dedicated water pipeline. The following overview of groundwater 

supply potential is theoretical and is provided for the purpose of highlighting the potential for 

alternative sources of water should they be required.  

Any groundwater that may be sourced from bores within the Mine Site or nearby land would 

require additional investigation to identify sources of sufficient and sustained supply (not been 

carried out to date). Some indications of groundwater potential have been identified during 

exploration activities. However, it is worth noting that potential groundwater yields as indicated 

by airlift yields during exploratory drilling are not always representative of long-term sustainable 

yields, particularly in fractured rock aquifers. Fractured rock aquifers typically have significantly 

reduced storage capacity and recharge when compared to sedimentary aquifers with equivalent 

permeability. This characteristic is demonstrated by early exploration drilling and bore 

construction at the Mine Site, where two particularly high yielding exploration holes were 

converted to water supply bores. Exploration holes BGR166 and WAP015 recorded airlift yields 

as high as 15.0 L/s and 19.7 L/s, respectively. These holes were subsequently converted to test 

bores BGW108 and BGW10. Test pumping at BGW108 and BGW10 (refer Section 4.5.8) 

showed that the short-term sustainable pumping yields of the bores was approximately 5 L/s, 

substantially lower than the initial airlift yields. Notwithstanding, when managed accordingly, 

such bores can provide a useful groundwater resource and it is anticipated that BGW108 and 

BGW10 will provide the bulk of the initial water demand during construction. 

Prospective groundwater supply bores located within the Mine Site may provide an opportunity 

for advanced mine dewatering (that is, supply of groundwater via groundwater bores consistent 

with the licenced entitlement held by Bowdens Silver to account for future dewatering 

requirements). However, advanced mine dewatering can only be relied upon until the open cut 

pit is developed. Ongoing supplementary water supplies may also be sourced from similar 

hydrogeological environments within land surrounding the Mine Site or at depth in deeply seated 

aquifers. Potential groundwater supply bores would need to be located away from the open cut 

pit area such that drawdown due to mine dewatering does not significantly reduce the available 

drawdown and supply capacity at the bore. The predicted drawdown due to mine dewatering is 

presented in Section 5.3.5.2. Water supply via these bores would be subject to licensing and 

assessment to ensure that the cumulative water use is not impacting water supply at registered 

groundwater bores (in accordance with the AIP).  

The siting of any prospective water supply bores would be dependent on successful investigation 

results and would be subject to the appropriate water supply works and water use approvals 

administered under section 92 of the Water Management Act 2000. 
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5. G R O U N DWAT ER  MO D E L LI NG  

5.1 CONCEPTUAL HYDROGEOLOGICAL MODEL 

The Australian Groundwater Modelling Guidelines (Barnett et al. 2012) outline the requirements 

for developing a conceptual hydrogeological model. A conceptual hydrogeological model is a 

descriptive representation of a groundwater system that incorporates an interpretation of the 

geological and hydrological conditions and consolidates the current understanding of the key 

processes of the groundwater system, including the influence of stresses, and assists in the 

understanding of possible future changes. 

Barnett et al. (2012) provide the following guiding principles for the conceptualisation of a 

groundwater system: 

Guiding Principle 1 

• The level of detail within the conceptual model should be chosen, based on the 

modelling objectives, the availability of quality data, knowledge of the groundwater 

system of interest, and its complexity.  

Guiding Principle 2 

• Alternative conceptual models should be considered to explore the significance of 

the uncertainty associated with different views of how the system operates.  

Guiding Principle 3 

• The conceptual model should be developed based on observation, measurement 

and interpretation wherever possible. Quality-assured data should be used to 

improve confidence in the conceptual model.  

Guiding Principle 4 

• The hydrogeological domain should be conceptualised to be large enough to cover 

the location of the key stresses on the groundwater system (both the current 

locations and those in the foreseeable future) and the area influenced or impacted 

by those stresses. It should also be large enough to adequately capture the 

processes controlling groundwater behaviour in the study area.  

Guiding Principle 5 

• There should be an ongoing process of refinement and feedback between 

conceptualisation, model design and model calibration to allow revisions and 

refinements to the conceptual model over time. 

The conceptual hydrogeological model for the Project is described in the following sections. Key 

elements of the conceptual hydrogeological model in the vicinity of the Mine Site are presented 

on Figure 37 for the pre-mining condition and Figure 38 for the operational and post-mining 

conditions. 

5.1.1 Hydrogeological Domain 

The domain for the conceptual hydrogeological model has been designed such that the model 

boundary location does not constrain or influence the simulation of the dewatering of the open 

cut pit during mining operations and the associated propagation of the dewatering-induced 
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groundwater drawdown. Accordingly, the domain boundary is 12 km from the open cut pit at its 

closest point and approximately 28 km from the open cut pit at its most distant point (refer 

Section 5.3.2.2). 

The domain boundaries comprise a combination of surface water catchment boundaries and 

drainage features, and groundwater source boundaries presented in relevant water sharing 

plans. It is noted that the domain does not extend to incorporate the nearest mining operations 

(refer Section 5.1.6.3) as this would result in a too large and unwieldly model. 

The primary geological provinces within the hydrogeological domain are the Lachlan Fold Belt 

(or Orogen) and the Sydney Basin, with limited Quaternary alluvium associated with the major 

surface water drainage features. These geological provinces also host two distinct regional 

groundwater systems with groundwater flow and discharge in the Lachlan Fold Belt system 

occurring to the northwest, whilst regional groundwater flow and discharge in the Sydney Basin 

system occurring to the northeast. 

Flow in the Lachlan Fold Belt lithologies is largely controlled by topography and surface water 

drainage, whilst flow within the Sydney Basin sedimentary lithologies is largely controlled by the 

bedding planes. 

5.1.2 Main Hydrostratigraphic Units 

The regional lithologies and stratigraphic units encountered at, or in the vicinity of the Mine Site 

(refer to Section 4.2.1) each have various aquifer potential and may include one or a number of 

the potential aquifer types identified in Section 4.5.1. For the purposes of groundwater 

investigations, it is useful to re-assign the conventional geological lithological or stratigraphic 

units into hydrostratigraphic units based on similar or grouped hydraulic properties. 

Four main hydrostratigraphic units exist in the Mine Site in a regional context. For the purposes 

of a more detailed assessment of groundwater inflows during mining operations and the potential 

response in regional groundwater systems, the main hydrostratigraphic units can be further 

divided in sub-units as outlined below. 

The key hydrostratigraphic units and sub-units adopted for this groundwater assessment are 

shown on Figure 40 and include: 

1. Alluvium 

2. Sydney Basin sediments 

a) Narrabeen Group 

b) Illawarra Coal Measures 

c) Shoalhaven Group 

3. Rylstone Volcanics 

a) Rhyolite Breccia 

b) Welded Tuff / Ignimbrite 

c) Crystal Tuff 

4. Lachlan Fold Belt / Coomber Formation   
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Figure 40 Conceptual Hydrogeological Model – Pre-Mining (View looking north) 

  



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 121 

 

 

Figure 41 Conceptual Hydrogeological Model – During and Post Mining (View looking north) 
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 Alluvium 

Alluvial deposits are mostly developed in association with Hawkins and Lawsons Creeks. 

Monitoring bore drilling along Hawkins Creek recorded alluvial thickness ranging from 4 to 6 m. 

The alluvial material encountered during this drilling was dominated by silty sandy gravel and 

clay sediments. 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. 

This hydrostratigraphic unit has moderate potential for local water supply and is utilised for 

domestic and stock watering purposes. 

 Sydney Basin Sediments 

The Sydney Basin sediments contain a number of significant sandstone units. Within the 

Illawarra Coal Measures, the coal seams themselves are typically the main aquifer unit due to 

the development of cleats within the coal seams. Only limited primary porosity and permeability 

is likely to remain within the Sydney Basin sediments with original interstitial pore spaces being 

largely infilled by carbonate and silicate crystallisation during diagenesis. Groundwater flow is 

typically dominated by fracture flows, with some flow through relict primary porosity. Regional 

flow is largely sub-horizontal, controlled by bedding planes and cleats, with stratification and low 

permeability layers acting to impede vertical groundwater flow. 

The Shoalhaven Group is typically regarded as being of low permeability and may act as an 

aquitard separating groundwater flow in the Sydney Basin sediments from those in underlying 

formations. 

No permeability testing has been undertaken locally for the Sydney Basin sediments, however, 

Bish (1999) suggested that the bulk permeability of the Bankswall Sandstone of the Narrabeen 

Group could be as high as 0.9 m/d. Other literature values suggest representative permeabilities 

ranging from 1x10-4 to 1x10-1 m/d for the Narrabeen Group and 1x10-3 to 1x10-2 m/d for the 

Illawarra Coal Measures. 

 Rylstone Volcanics 

Groundwater flow within the Rylstone Volcanics is dominated by fracture flow, however high 

fracture density and sub-orthogonal fracturing within the orebody means that on a meso-scale, 

groundwater flow behaves in a pseudo-radial manner, similar to a porous aquifer. Given the 

dominance of fracture flow, the horizontal to vertical flow anisotropy is not as great as that 

assumed for the Sydney Basin sediments. 

Within the Rylstone Volcanics hydrostratigraphic unit, the individual sub-units display differing 

hydraulic properties. The welded tuff / ignimbrite unit typically displays lower primary porosity 

and permeability. From Figure 22, there does not appear to be a significant distinction in porosity 

between the volcanic units. Given that groundwater flow within the volcanic units is 

predominantly fracture-controlled, the minor differences in primary porosity between the volcanic 

units are unlikely to cause significant differences in dewatering and drawdown impacts within 

the volcanic units.  

Permeability testing suggests representative hydraulic conductivity values range from 0.01 to 

0.1 m/d. 
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  Lachlan Fold Belt / Coomber Formation 

The Coomber Formation is considered to be the hydrogeological basement for the groundwater 

systems in which the Mine Site is situated. However, this unit still has potential to have 

reasonably high permeability in the vicinity of major structures.  

Regionally the formations of the Lachlan Foldbelt are highly structurally deformed and comprise 

meta-sedimentary and meta-volcaniclastic lithologies with minor primary porosity. The bedding 

orientation of this unit is variable, with bedding typically varying from moderately dipping to 

steeply dipping. Where this unit outcrops, to the west and south of the Mine Site, there is a 

prevailing cleavage orientation trending northwest-southeast, to north-south, consistent with the 

prevailing structural orientation. Cleavage planes dip variably to the east and west. As 

groundwater flow in this unit will be controlled by fracture flow there is likely to be a preferred 

flow direction consistent with cleavage and fracturing. Shallower groundwater flow within the 

weathered zones of this unit (typically in the upper 20-30 m) will be more topographically 

controlled. 

Permeability testing suggests that representative hydraulic conductivity values for this unit range 

from 0.001 to 6.5 m/d, with the higher values being obtained from shallow weathered material in 

the vicinity of one of the major structures (BGW27A). Hydraulic conductivity determined from the 

pump testing at BGW10 was of the order of 0.08 m/d.  

Representative hydraulic parameters for these units are presented in Table 24. 

Table 24 
  

Representative Hydraulic Parameters 

Unit 

Indicative Hydraulic 

Conductivity 

(m/d) Kv / Kh Ratio 

Indicative 

Specific Storage  

m-1 

Indicative Specific 

Yield 

Alluvium 1 to 10 0.1 - 0.2 

Narrabeen Group 0.15 0.1 5.0x10-5 0.05 

Illawarra Coal 

Measures 

0.15 0.1 5.0x10-5 0.05 

Shoalhaven Group 0.05 0.1 2.0x10-5 0.05 

Rhyolite Breccia 0.01 to 0.1 0.5 5.0x10-5 0.02 to 0.05 

Welded Tuff / 

Ignimbrite 

0.05 0.5 1.0x10-5 0.02 to 0.05 

Crystal Tuff 0.10 0.5 5.0x10-5 0.02 to 0.05 

Ordovician 

Basement 

0.001 to 1  

(up to 10 in shallow, 

weathered zones) 

0.5 2.0x10-5 0.01  

(up to 0.05 in shallow, 

weathered zones) 
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5.1.3 Local Influence of Major Structures 

Pump test data from BGW10 and BGW108 suggest that the two major sub north-south trending 

structures in the vicinity of the orebody act to inhibit but not completely prevent groundwater 

flow, while drilling results suggest that relatively high groundwater yields can be obtained in the 

vicinity of the structures. 

These major structures have, therefore, been conceptualised as acting to inhibit groundwater 

flow across the structure while enhancing groundwater flow parallel to strike in the vicinity of the 

structure, both laterally and vertically. 

5.1.4 Groundwater Recharge 

Groundwater recharge will be dominated by infiltration of rainfall runoff and ephemeral 

streamflow on outcropping and sub-cropping hard rock lithologies and regolith, and directly onto 

the alluvium. A small component of vertical leakage is also likely from the Sydney Basin 

sediments to underlying formations. 

The major drainage features, such as Hawkins and Lawsons Creeks, are likely to alternate 

between being zones of groundwater recharge and groundwater discharge, depending on 

streamflow conditions and topography. 

5.1.5 Groundwater Discharge 

Groundwater discharge will occur locally in lower lying areas to the alluvium aquifers, drainage 

features (periodically), and via evapotranspiration from riparian vegetation and deep-rooted 

terrestrial vegetation. Regionally, groundwater discharge (throughflow) will be to the northwest 

in the Coomber Formation and wider Lachlan Fold Belt. Within the Sydney Basin sediments, 

regional groundwater discharge will be to the northeast, to the drainage features, the Totnes and 

Barigan Valleys, as well as the Bylong Valley, with minor vertical leakage to underlying 

formations. 

Groundwater abstraction by other groundwater users is also considered a mechanism of 

groundwater discharge. 

5.1.6 Potential Impacts 

Potential groundwater related impacts arising from the Project relate primarily to issues of water 

level and water quality. 

 Water Level 

Water level drawdown resulting from dewatering of the open cut pit has the potential to: 

• reduce groundwater availability to GDEs and other sensitive environmental 

receptors (springs, creeks etc); 
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• reduce groundwater availability to other groundwater users; and 

• modify the long-term availability of groundwater from an aquifer. 

There is also potential for groundwater mounding beneath and down-gradient of the TSF. 

 Water Quality 

Potential groundwater quality impacts include: 

• Acidification of groundwater and mobilisation of heavy metals due to exposure and 

oxidisation of potentially acid forming materials associated with groundwater 

drawdown.  

• Salinification of the final void pit lake.  

• Seepage from the TSF and/or waste rock emplacement (WRE). 

• Deterioration of the groundwater quality leading to a reduction in the beneficial 

uses of groundwater. 

 Potential Cumulative Impacts 

Mine dewatering has potential to result in cumulative impacts associated with groundwater 

abstraction by other groundwater users within the model domain. Known groundwater users, 

identified in Sections 4.5.2 and 4.5.3, have been incorporated into the numerical hydrogeological 

model. 

The potential for cumulative impacts with other significant mining operations has also been 

considered. The other mining operations in the region are summarised on Table 25, however, it 

is noted that none of these operations fall within the study area or hydrogeological model domain. 

Table 25 
  

Other Mining Operations 

Mine 

Approximate Distance from Bowdens 

Silver Project Description 

Wilpinjong 32 km to the north Open cut coal mine. 

Moolarben 38 km to the north Open cut and underground coal mine. 

Ulan 44 km to the north Open cut and underground coal mine. 

5.1.7 Groundwater Dependent Ecosystems 

No high priority GDEs have been identified within the conceptual hydrogeological model domain. 

Potential impacts on other GDEs (Section 4.5.4.3) are assessed as a result of predicted 

groundwater drawdown and reduced baseflow contributions to stream discharge. 
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5.2 MINE INFRASTRUCTURE 

5.2.1 Mine Schedule 

Mining operations at the Project are planned to be undertaken over a 15.5 year mine life, with 

the annual development of the open cut pit shown on Figure 42.  

Each open cut pit would be progressed in 5m bench intervals, with an annual average processing 

throughput of 2 million tonnes (Mt) and total annual mining material movement of typically 

between 5 Mtpa and 6 Mtpa. 

A maximum open cut pit depth at 456 m AHD would be reached in Year 9. The western pit would 

then be developed to a depth of 460 m AHD. 

5.2.2 Waste Rock Emplacement 

The WRE would be progressively developed in stages (cells) to encapsulate potentially acid 

forming (PAF) waste rock material. Each cell of the WRE would be lined with a 1.5mm HDPE 

liner that would be protected by geofabric and a cushion layer of crushed rock (Advisian, 2020a).  

Cell development would include the construction of intercell embankments that would, in 

conjunction with the lower perimeter embankment, enable the collection, storage and 

management of the leachate generated by the PAF waste rock material. Leachate intercepted 

by the 1.5 mm HDPE liner would flow via gravity to the point where the intercell embankment 

joins the lower embankment and be directed via underdrainage infrastructure to the Leachate 

Management Dam from where it would be returned to the processing plant for use. 

Progressive rehabilitation of completed WRE cells would be undertaken and this would include 

a low permeability Geosynthetic clay liner overlain by a store and release cover 

(Advisian, 2020b). 

As the lined WRE would not have any interaction with groundwater, it is not considered further 

in this assessment. 

5.2.3 Tailing Storage Facility 

The proposed TSF for the Project would be constructed in three stages, with an initial 

embankment developed for Stage 1, and successive embankment lifts for Stages 2 and 3. The 

TSF design is for a down-valley discharge style of tailings deposition with deposited tailings 

impounded against a down-stream embankment. The location of the TSF is shown in Figure 1. 

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 4 302 m3/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. 
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Figure 42 Proposed Open Cut Pit Development 
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Seepage control measures 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. The TSF embankment would be constructed using a zoned rockfill 

embankment with a low permeability bituminous geomembrane liner on the upstream face. The 

grout curtain beneath the TSF embankment would be installed to depth of approximately 40 m 

with primary, secondary and possibly tertiary grouting to achieve a permeability of around 10-7 

m/sec (8.64x10-3 m/d). 

A toe drain and a seepage collection drain would be installed to collect any seepage from the 

TSF (including natural infiltration higher in the catchment) and runoff from the downstream face 

of the TSF embankment. This would then be pumped back to the TSF. 

Details of the TSF design and investigations are provided in the TSF Preliminary Design Report 

(ATC Williams, 2020a). 

Tailings slurry and decant water quality is expected to be of neutral pH (pH 7-8). Electrical 

conductivity would be commensurate with process water supply. Minor manganese 

concentrations in the order of 10 to 30 mg/L above the process water quality are anticipated.  

The results of laboratory testing of tailings solids samples indicate that the tailings are classified 

as PAF due to the presence of trace and accessory sulphide minerals and the absence of 

reactive carbonate materials. 

Total and weak acid dissociable cyanide concentrations within the decant pond are expected to 

be well below the 50 mg/L guideline value generally accepted for the protection of wildlife (DRET, 

2008). 

Plans showing the TSF layout, surface elevation, tailings impoundment area and decant pond 

for each stage are provided in Annexure 7. Predicted seepage rates for each stage of the TSF 

development for a nominal tailings thickness of 20 m and compacted clay liner of 0.45m 

thickness, are estimated at 1.56x10-8 m3/s/m2 (1.35x10-3 m3/d/m2) (ATC Williams, 2020a). 

It is noted that the anticipated seepage meets the NSW Environment Protection Authority (EPA) 

guideline seepage rate whereby seepage rates must be equivalent to or less than that 

transmitted by a 1 m thick clay liner with a permeability of 1x10-9 m/s. 

5.3 GROUNDWATER MODELLING 

5.3.1 Model Objective and Class 

A numerical groundwater model is a computer model of a groundwater flow system that is used 

to simulate and predict groundwater flow. A numerical groundwater model has been developed 

to assess groundwater inflow to the open cut mining operations and aid in the assessment of 

potential groundwater related impacts from the Project, such as groundwater level drawdown 

due to mine dewatering and groundwater mounding beneath the TSF. 

The objectives for the numerical groundwater model are as follows: 

• Calculate drawdown in the vicinity of the Mine Site due to the Project, including at 

any existing groundwater works or GDEs in the area of potential impact. 

• Calculate the volumetric take of groundwater from the open cut pit for dewatering 

purposes due to the Project. 



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 129 

 

 

• Calculate the incidental volumetric take from surface watercourses due to baseflow 

reduction, in particular Hawkins and Lawsons Creeks, due to the Proposal. 

In accordance with the Australian Groundwater Modelling Guidelines, the intended model 

confidence class is Class 2 – Impact Assessment. 

5.3.2 Model Build 

 Selection of Numerical Code 

A numerical groundwater model was prepared using the United States Geological Survey 

(USGS) modelling code, MODFLOW which is an industry standard groundwater modelling code.  

The variant of MODFLOW used in this assessment was MODFLOW-USG and the model was 

executed in the saturated flow mode. The input for MODFLOW, as well as output files from 

MODFLOW were processed using the Groundwater Vistas Graphical User Interface (GUI) 

Version 7.23 Build 39. 

 Model Domain 

Figure 41 presents the extent of the model domain. The spatial extent encompassing the 

modelled area is 43.5km east to west by 44km north to south, and based on Map Grid of Australia 

1994, Zone 55. The areal extent of the modelled area is as follows: 

• the northern and north-eastern boundaries are the upper catchments of the Bylong 

Valley, including Peters Creek, Barigan Creek and Burrumbelong Creek; 

• the eastern boundary is the Growee River; 

• the south-eastern boundary is Coxs Creek and the Cudgegong River/Rylstone 

Dam; 

• the southern and southwestern boundary is the Cudgegong River/Lake 

Windamere; 

• the western boundary transects a series of east to west flowing creeks, including 

Lawsons Creek, Buckaroo Creek and Pipeclay Creek; and, 

• the northern and north-west boundaries of the model are Cooyal Creek. 

 Model Grid 

The model grid comprises cell sizes ranging from 31.25 m to 250 m, with the finer resolution grid 

cell (31.25 m) being used in the vicinity of the open cut pit.  The origin point (0, 0) for the model 

grid was easting 749 000 m and northing 6 364 000 m, based on Map Grid of Australia 1994, 

Zone 55.  

The total number of cells, across 8 model layers (vertical) is 460 512, of which 364 072 cells are 

active. Cells outside of the area of interest (Inactive Cells on Figure 43) are made inactive to 

reduce unnecessary computational power.  
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Figure 43 Numerical Hydrogeological Model Domain 
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It is noted that the Quadtree and Nested Grid options available within MODFLOW-USG were 

not utilised in the numerical groundwater model for this assessment.  Accordingly, the model 

approach adopted is akin to the ‘traditional’ approach to modelling with MODFLOW, with 

continuous columns and rows of grid cells. While adopting the traditional grid cells,  MODFLOW-

USG has the benefit of a ‘more robust’ computational engine, based on control volume finite 

difference, therefore delivering a more robust numerical solution. 

Similarly, the opportunity to ‘pinch-out’ discontinuous layers in the model grid was not utilised, 

since the geological model was already available from an earlier version of the groundwater 

model, not reported here and not completed, and which was prepared in AlgoMesh. Figure 44 

presents the model grid, at regional scale and Figure 45 presents the model grid at Mine Site 

scale. 

 Boundary Conditions 

The boundary conditions adopted for the numerical groundwater model grid are described 

below. 

Rivers (RIV) 

The River (RIV) boundary condition was used for major watercourses, including Lawsons Creek 

in the centre of the model, Pipeclay Creek on the western boundary, Cooyal Creek on the 

northwestern boundary, Barigan Creek on the northeastern boundary. On the southern 

boundary, the Cudgegong River, including Rylstone Dam and Lake Windamere were included 

as RIV boundary conditions. The location of the major watercourses was guided by the 1:25,000 

scale hydrology layer obtained from NSW Lands and Property Information. 

The RIV boundary condition is a head dependant flux boundary suitable for simulating 

permanent drainages. In the RIV package if the head in the cell falls below a certain threshold, 

the flux from the river to the model cell is set to a specified lower bound. 

In MODFLOW, Conductance is the factor that relates the difference in head (between the surface 

water body and groundwater) to the rate of flow. Conductance is computed in MODFLOW using 

the following equation: 

𝑐 =
𝑘 ∗ 𝑙 ∗ 𝑤

𝑚
 

Where 

𝑐 = conductance ( 
𝐿2

𝑇
), 

𝑘= hydraulic conductivity of the sediment in the river boundary condition (L/T), 

𝑙= the length of the boundary condition (L), 

𝑤= the width of the boundary condition (L), and 

𝑚= the thickness of the sediment in the boundary condition perpendicular to flow   

between the boundary and the cell. Usually this would be vertical thickness of the 

sediment (L)  
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Figure 44 Groundwater Model Grid – Regional View 
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Figure 45 Groundwater Model Grid – Mine Site View 
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The assumed hydraulic conductivity of the streambed in the surface watercourses modelled was 

0.2 m/d whilst the width of those surface watercourses modelled as rivers ranged between 5 and 

125 m.  The thickness of the streambed ranged between 0.5 and 1.0 m. Accordingly, the 

conductance, which is grid cell size dependent ranged between 156.25 m2/d and 6,250 m2/d. 

The stage of the RIV cells was set at 2 m below the top elevation of those cells and the bottom 

of the RIV cells was set at 4m below the top elevation. 

Figure 46 presents the location of the RIV boundary conditions within the model domain. 

Table 26 presents the reach numbers used in setting the RIV boundary conditions and the 

applicable water source under water sharing plans. 

Table 26 
  

Groundwater Model Boundary Conditions – RIV Boundaries 

Reach 
Groundwater  
Water Source 

Groundwater  
Water Sharing Plan 

Surface Water 
Water Source 

Surface Water  
Water Sharing Plan 

1 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Lawsons Creek Water 
Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

10 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Lawsons Creek Water 
Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

10 Sydney Basin MDB 
Groundwater Source 

NSW Murray Darling 
Basin Porous Rock 
Groundwater Sources 
2011 

Lawsons Creek Water 
Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

11 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Upper Cudgegong 
River Water Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

11 Sydney Basin MDB 
Groundwater Source 

NSW Murray Darling 
Basin Porous Rock 
Groundwater Sources 
2011 

Upper Cudgegong 
River Water Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

12 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Pipeclay Creek Water 
Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

13 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Cooyal Wialdra Creek 
Water Source 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

30 Lachlan Fold Belt 
MDB Groundwater 
Source 

NSW Murray Darling 
Basin Fractured Rock 
Groundwater Sources 
2011 

Lawsons Creek Water 
Source (Lake 
Windamere) 

Macquarie Bogan 
Unregulated and 
Alluvial Water 
Sources 2012 

20 Sydney Basin - North 
Coast Groundwater 
Source 

North Coast Fractured 
and Porous Rock 
Groundwater Sources 
2016 

Wollar Creek Water 
Source 

Hunter Unregulated 
and Alluvial Water 
Sources 2009 
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Figure 46 Groundwater Model Boundary Conditions – River (RIV) Cells 

 
 

Drains (DRN) 

The Drain (DRN) boundary condition was used for minor watercourses within the model domain. 

The DRN boundary condition is a head dependant flux boundary suitable for simulating seasonal 

or ephemeral drainages. In the DRN package if the head in the cell falls below a certain 

threshold, the flux from the drain to the model cell drops to zero. 

The location of the minor watercourses was guided by the 1:25,000 scale hydrology layer 

obtained from NSW Lands and Property Information.  The approach adopted was to include the 

‘major’ or more significant watercourses at distance from the Mine Site, but to include all of the 

watercourses in the 1:25,000 scale hydrology layer, close to, or within the Mine Site. 

The stage of the DRN cells was set at 2 m below top elevation of those cells.  The calculated 

conductance was grid cell size dependent and ranged between 16.2 m2/d and 129.6 m2/d. 

Figure 47 presents the location of the DRN boundary conditions within the model grid. 
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Figure 47 Groundwater Model Boundary Conditions – Drain (DRN) Cells  

 
 

Table 27 presents the reach numbers used in the DRN boundary conditions and the applicable 

water source under water sharing plans. 

Wells (WEL) 

The PINNEENA database from the NSW Department of Industry - Crown Lands & Water 

(CL&W), together with the NSW Water Registry, was used to identify active groundwater works 

within the model domain. 
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Table 27 
  

Groundwater Model Boundary Conditions – DRN Boundaries 

Reach 

Groundwater  

Water Source 

Groundwater  

Water Sharing Plan 

Surface Water 

Water Source 

Surface 

Water Sharing Plan 

1 Lachlan Fold Belt 

MDB Groundwater 

Source 

NSW Murray Darling 

Basin Fractured Rock 

Groundwater Sources 

2011 

Lawsons Creek 

Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

10 Lachlan Fold Belt 

MDB Groundwater 

Source 

NSW Murray Darling 

Basin Fractured Rock 

Groundwater Sources 

2011 

Lawsons Creek 

Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

10 Sydney Basin MDB 

Groundwater Source 

NSW Murray Darling 

Basin Porous Rock 

Groundwater Sources 

2011 

Lawsons Creek 

Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

11 Lachlan Fold Belt 

MDB Groundwater 

Source 

NSW Murray Darling 

Basin Fractured Rock 

Groundwater Sources 

2011 

Upper Cudgegong 

River Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

11 Sydney Basin MDB 

Groundwater Source 

NSW Murray Darling 

Basin Porous Rock 

Groundwater Sources 

2011 

Upper Cudgegong 

River Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

12 Lachlan Fold Belt 

MDB Groundwater 

Source 

NSW Murray Darling 

Basin Fractured Rock 

Groundwater Sources 

2011 

Pipeclay Creek 

Water Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

13 Lachlan Fold Belt 

MDB Groundwater 

Source 

NSW Murray Darling 

Basin Fractured Rock 

Groundwater Sources 

2011 

Cooyal Wialdra 

Creek Water 

Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

13 Sydney Basin MDB 

Groundwater Source 

NSW Murray Darling 

Basin Porous Rock 

Groundwater Sources 

2011 

Cooyal Wialdra 

Creek Water 

Source 

Macquarie Bogan 

Unregulated and 

Alluvial Water Sources 

2012 

20 Sydney Basin - North 

Coast Groundwater 

Source 

North Coast Fractured 

and Porous Rock 

Groundwater Sources 

2016 

Wollar Creek Water 

Source 

Hunter Unregulated 

and Alluvial Water 

Sources 2009 

21 Sydney Basin - North 

Coast Groundwater 

Source 

North Coast Fractured 

and Porous Rock 

Groundwater Sources 

2016 

Bylong River Water 

Source 

Hunter Unregulated 

and Alluvial Water 

Sources 2009 

21 Unnamed Upriver 

Alluvium in WSP in 

the Bylong River 

Hunter Unregulated and 

Alluvial Water Sources 

2009 

Bylong River Water 

Source 

Hunter Unregulated 

and Alluvial Water 

Sources 2009 

 

These works were designated pumping wells in the model domain using the MODFLOW Well 

Package (WEL).  The pumping rate assigned to these works was based on the WAL entitlement, 

and the distribution of pumping adjusted for seasonal variation. Details of the WALs included are 
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provided in Annexure 8. The pumping distribution for those groundwater works utilised under 

basic landholder rights was also seasonal, however, these works were assumed to be active 

throughout the year.  The pumping distribution for all other works were based on an assumed 

dry season irrigation as outline on Table 28. 

Table 28 
  

Groundwater Model Boundary Condition – Distribution of Pumping Rate (WEL) 

Month Basic Landholder Rights Other Works 

Jan 15.0% 12.0% 

Feb 11.5% 10.0% 

Mar 0.0% 8.0% 

Apr 0.0% 7.0% 

May 0.0% 6.0% 

Jun 0.0% 5.0% 

Jul 0.0% 5.0% 

Aug 9.0% 7.0% 

Sep 11.5% 8.0% 

Oct 15.0% 9.0% 

Nov 19.0% 11.0% 

Dec 15.0% 12.0% 

 

Figure 48 presents the distribution of the WELs in each layer of the model.  It is noted that there 

were no wells installed in Layer 1, Layer 3, Layer 7 and Layer 8 of the model. 

Table 28 presents the percentage distribution of pumping at each work.  It is noted that the basic 

landholder rights works were assumed to abstract 2 ML per year. 

Recharge (RCH) 

Rainfall recharge to the groundwater model was represented using the Recharge (RCH) 

boundary condition. 

Rainfall data was obtained from the SILO climatic database, which is maintained by the 

Queensland Department of Environment and Science (DES).   

Rainfall station data obtained from Bureau of Meteorology Stations 62012, 62021, 62026 and 

62032 was also used in the groundwater model.  The daily rainfall data obtained from the SILO 

database was totalised with respect to months, as the groundwater model was established with 

monthly stress periods and a recharge factor was then applied.  The recharge factor was 

included as a calibration parameter, except for Lake Windamere, which was assigned a factor 

of 1.0 (equivalent to 100%).  Recharge factor zones in the model grid were derived based on 

land-use and topography, and included: 

• Hilltops 

• Foothills 

• Floodplain 

• Lake 



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 139 

 

 

The distribution of rainfall data, from the respective station, was based on the Thiessen polygon 

approach. Figure 49 presents the distribution of recharge zones. Table 29 presents the 

calibrated recharge factors, including the relevant zone colour from Figure 49. 

Figure 48 Groundwater Model Boundary Conditions – Well (WEL) Cells 

 

    

 

L2 L4 

L5 L6 
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Figure 49 Groundwater Model Boundary Conditions – Recharge (RCH) Zones 

 
 

Table 29 
  

Groundwater Model Boundary Condition – Recharge (RCH) Zones 

Zone Number Rainfall Station Description Recharge Factor 

1 62012 Foothills 0.12 

2 62012 Hilltops 0.02 

3 62012 Hilltops 0.04 

4 62012 Floodplain 0.025 

5 62012 Lake 1.00 

11 62021 Foothills 0.06 

12 62021 Hilltops 0.12 

14 62021 Floodplain 0.25 

21 62026 Foothills 0.04 

22 62026 Hilltops 0.02 

24 62026 Floodplain 0.39 

25 62026 Lake 1.00 

31 62032 Foothills 0.04 

32 62032 Hilltops 0.04 

34 62032 Floodplain 0.40 
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Evapotranspiration (EVT) 

Evapotranspiration from the groundwater model grid was represented using the 

Evapotranspiration (EVT) boundary condition. 

Evapotranspiration data was obtained from the SILO climatic database.  The approach adopted 

was to use evapotranspiration rather than Pan A evaporation to calculate losses. 

The Food and Agricultural Organisation of the United Nations (FAO), short crop version of the 

Penman-Monteith equation, available from the SILO climatic dataset, was utilised at each of the 

identified weather stations.  Daily FAO56 data obtained from the SILO database was totalised 

with respect to months and an evapotranspiration factor applied. 

The evapotranspiration factor was also included as a model calibration factor however, in earlier 

versions of the groundwater model, this was found to be insensitive.  Accordingly, a fixed value 

of 0.4 (equivalent to 40%) was applied to most land-use types, and a fixed value of 1.0 

(equivalent to 100%) was applied to Lake Windamere. 

Evapotranspiration factor zones were derived based on land-use and topography, and included: 

• Foothill/Floodplain 

• Hilltop 

• Lake 

It is noted that the EVT extinction depth was set at a uniform value of 3.0 m, where the extinction 

depth is the depth at which EVT approaches zero, and beyond which EVT cannot remove water 

from the model.  

The 3m extinction depth has been adopted, in part, as it is also a way to represent the soil 

moisture deficit process. The soil moisture deficit method, put simply, accounts for the fact that 

percolating rainfall (with an allowance for rainfall/runoff loss) must overcome the cumulative 

moisture deficit before recharge to the water table can occur. An advantage of this approach is 

that it resolves the potential for “flooded cells” in the model simulation.  “Flooded cells” is a term 

used to describe the situation where the modelled hydraulic head, in some cells, is above ground 

surface.  Flooded cells should not be present in a groundwater model, as they are non-physical.  

Areas of flooded cells are also often areas in the model where the numerical solver struggles to 

converge.  In practice, flooded cells adopt the values of hydraulic parameters of the uppermost 

active layer of the model. 

A disadvantage of the combined RCH and EVT approach is that it is a simplification of the Soil 

Moisture Deficit method. The disadvantage is, however, partly overcome by the inclusion of 

recharge factor in the calibration process.  As noted above, it was found during an earlier version 

of the calibration model, that the calibration was insensitive to the evapotranspiration factors, so 

these were ‘locked’ at assumed values. Accordingly, the combined RCH and EVT approach, 

whilst having limitations due to its simplification of the Soil Moisture Deficit process, is considered 

superior to the externally calculated ‘effective’ recharge via the RCH package due to its 

advantage in resolving areas of flooded cells. 

The distribution of evapotranspiration data, from the respective stations, was again based on the 

Thiessen polygon approach.  Figure 50 presents the distribution of evapotranspiration zones in 

the model grid and Table 30 presents the adopted evapotranspiration factors, including the 

relevant zone colour from Figure 50. 
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Figure 50 Groundwater Model Boundaries – Evapotranspiration (EVT) Zones 

 
 

Table 30 
  

Groundwater Model Boundary Condition – Evapotranspiration (EVT) Zones 

Zone 
Number Rainfall Station Description 

Evapotranspiration 
Factor 

Extinction Depth 
(m) 

1 62012 Foothills/Floodplain 0.40 3.0 

2 62012 Hilltops 0.40 3.0 

3 62012 Lake 1.00 3.0 

11 62021 Foothills/Floodplain 0.40 3.0 

12 62021 Hilltops 0.40 3.0 

21 62026 Foothills/Floodplain 0.40 3.0 

22 62026 Hilltops 0.40 3.0 

23 62026 Lake 1.00 3.0 

31 62032 Foothills/Floodplain 0.40 3.0 

32 62032 Hilltops 0.40 3.0 

 

 Model Geometry 

The geometry of the numerical groundwater model was based on Mine Site data and open cut 

pit geology and was supplemented, regionally, with data from the Western Coalfield Geological 

Modelling Project undertaken by the NSW Department of Resources and Energy (DRE). 
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The top of the model was based on Mine Site Light detection and ranging (LiDAR) data and 

supplemented, regionally, by the 1:25,000 topographic dataset of NSW Lands and Property 

Information. 

Figure 51 and Figure 52 present west-east and north-south geological cross-sections through 

the model, respectively. The location of the cross-section lines is shown on the 3D surface of 

the model presented in Figure 53.  The layering of the model is summarised in Table 32. 

Figure 51 West-east Geological Cross-section through the Model 

 
 

Figure 52 North-south Geological Cross-section through the Model 

 
 

 Initial Hydraulic Parameters 

Table 32 presents the zone numbers for the hydraulic parameters used to represent the various 

hydrostratigraphic units. Figure 54 and Figure 55 presents the distribution of the initial hydraulic 

parameters in each model layer, with zone descriptions provided on Table 31. 
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Figure 53 Groundwater Model Shaded Relief 

 
 

To assist with the correlation with model geometry, zone numbers are assigned according to the 

layer they are in with the layer being the first numeral of the two-digit zone number, e.g. Layer 1 

contains zones 11, 12, 13…, Layer 2 contains zone 21, 22, 23…, and Layer 3 contains zones 

31, 32, 33…, and so on. 

Pilot Points were initially used during model calibration of hydraulic conductivity values in the 

near vicinity of the Mine Site Layer 4, 5 and 6, to assess if finer resolution hydraulic conductivity 

zones would improve calibration, with regional values adopted outside of that Mine Site area.  

Detail of the resultant hydraulic conductivity fields are presented further below, including the 

calibrated values of the various other hydraulic parameters. 

Results of hydraulic testing indicated that the orebody and the Mine Site have relatively higher 

hydraulic conductivity due to the high fracture concentration. Although the major geological 

structures are not specifically represented in the groundwater model, a zone of moderately 

elevated hydraulic conductivity has been introduced surrounding the orebody in Layers 4, 5 and 

6 to account for the increased concentration of structural deformation. 
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Table 31 
  

Groundwater Model Geometry – Model Layers 

Near Surface 

Layer Valleys Hills Outcrop Rock (Local) Thickness (m) 

1 Alluvium (Sandy Silt) 
Regolith (clayey silt with 

vegetation) 
Rock 3.0 

2 Alluvium (Silty Sand) 
Extremely Weathered 

Rock (silty clay) 
Rock 3.0 

3 

Partially Weathered 

Rock (weathered work 

with stiff clay) 

Partially Weathered Rock Rock 
3.0 to 104 

(median 17.8) 

Underlying Rock 

Layer South West Mine Site North East Thickness (m) 

4 

Volcanics / Coomber 

Formation / Ordovician 

Basement 

Volcanics Sydney Basin 
3.0 to 287 

(median 37.7) 

5 

Volcanics / Coomber 

Formation / Ordovician 

Basement 

Volcanics 
Volcanics / Sydney 

Basin 

3.0 to 249 

(median 60) 

Basement 

Layer South West Mine Site North East Thickness (m) 

6 
Volcanics /  

Ordovician Basement 

Volcanics / Coomber 

Formation 
Ordovician Basement 

4.3 to 235 

(median 83.8) 

7 Ordovician Basement Coomber Formation Ordovician Basement 
4.3 to 235 

(median 83.9) 

8 Ordovician Basement Ordovician Basement Ordovician Basement 130 

 

Despite the dominance of fracture flow at the small scale, the groundwater system has been 

implemented in the model as an equivalent porous medium due to the field scale observations 

from pump testing (Section 4.5.8 and Section 4.5.9). The equivalent porous medium approach 

is also supported by calibration as discussed in the following sections. 

Table 32 presents the modelled values of the various hydraulic parameters. 

Table 32 
  

Groundwater Model – Initial Values of Hydraulic Parameters 
Page 1 of 2 

Zone Kx (m/d) Ky (m/d) Kz (m/d) Ss (m-1) Sy Locality Description 

Layer 1 

11 2.5 2.5 0.5 9.0x10-4 0.11 Valley Alluvium (Sandy Silt) 

12 0.5 0.5 0.1 9.0x10-4 0.09 Hills Regolith (clayey silt with 

vegetation) 

13 0.02 0.02 0.01 5.0x10-5 0.02 Outcrop 

Rock (Local) 

Weathered Rock 
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Table 32 (Cont’d) 
  

Groundwater Model – Initial Values of Hydraulic Parameters 
Page 2 of 2 

Zone Kx (m/d) Ky (m/d) Kz (m/d) Ss (m-1) Sy Locality Description 

Layer 2 

21 5 5 0.5 7.0x10-4 0.2 Valley Alluvium (Silty Sand) 

22 0.025 0.025 0.005 7.0x10-4 0.04 Hills Extremely Weathered Rock 

(silty clay) 

23 0.02 0.02 0.01 5.0x10-5 0.02 Outcrop 

Rock (Local) 

Weathered Rock 

Layer 3 

31 1 1 0.15 5.0x10-4 0.09 Valley Partially Weathered Rock 

(weathered work with stiff clay) 

32 0.25 0.25 0.0375 5.0x10-4 0.09 Hills Partially Weathered Rock 

33 0.02 0.02 0.01 5.0x10-5 0.02 Outcrop 

Rock (Local) 

Weathered Rock 

Layer 4 

41 0.05 0.05 0.025 2.0x10-5 0.01 South West Ordovician Basement 

42 0.075 0.075 0.0075 5.0x10-5 0.02 North East Sydney Basin 

45 0.2 0.2 0.01 5.0x10-5 0.01 Outer Mine 

Area 

Volcanics / Coomber Formation 

46 0.2 0.2 0.02 2.0x10-5 0.01 Mine Area Volcanics 

Layer 5 

51 0.04 0.04 0.02 3.0x10-5 0.01 West Volcanics / Ordovician 

52 0.025 0.025 0.0025 3.0x10-5 0.01 North East Sydney Basin 

53 0.005 0.005 0.0025 3.0x10-5 0.01 Outer Mine 

Area 

Volcanics / Coomber Formation 

55 0.2 0.2 0.02 2.0x10-5 0.01 Mine Area Volcanics / Coomber Formation 

Layer 6 

61 0.025 0.025 0.0125 2.0x10-5 0.01 Whole Model Ordovician Basement 

63 0.001 0.001 0.001 2.0x10-5 as 61 Mine Area Volcanics / Coomber Formation 

Layer 7 

71 0.01 0.01 0.005 1.0x10-5 0.01 Whole Model Ordovician Basement 

Layer 8 

81 0.005 0.005 0.0025 8.0x10-6 0.01 Whole Model Ordovician Basement 
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Figure 54 Distribution of Model Hydraulic Properties Zones (Layer 1 to 6) 

 

L1 L2 

L3 L4 

L5 L6 
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Figure 55 Distribution of Model Hydraulic Properties Zones (Layer 7 and 8) 

 
 

5.3.3 Model Calibration  

In order to test the ability of the numerical groundwater model to reflect the behaviour of the 

groundwater system being modelled, the model was calibrated to actual measured groundwater. 

The model was calibrated for groundwater levels (heads) and baseflow. Calibration was 

performed for both steady state and transient groundwater conditions.   

 Calibration for Groundwater Levels – Steady State Conditions 

The steady state groundwater model was calibrated using the following head targets: 

• The average (mean) of groundwater levels measured for the period from 1 January 
2011 through to 30 April 2017 as part of the Bowdens Silver Mine groundwater 
monitoring programme.  

• one-off water levels extracted from the CL&W PINNEENA database.   

During the calibration, equal weighting was assigned to observed groundwater levels from the 

CL&W PINNEENA database and average groundwater levels from the mine site monitoring 

data.    

Average (mean) pumping rates based on pumping data from 2011 to 2017 were applied to the 

steady state model to represent average pumping conditions.   

Figure 56a presents the distribution of model targets used in the model calibration simulation in 

model Layer 2 and Layer 4. Figure 56b presents the distribution of model targets used in the 

model calibration simulation in model Layer 5 and Layer 6. There were no calibration targets in 

model layers 1, 3, 7 and 8.  

The model was calibrated initially using PEST-HP, an automated parameter estimation tool 

(Doherty, 2018), and then by iterative manual step-wise adjustment of model input parameters 

to achieve an acceptable match between simulated and observed heads (groundwater levels). 

Calibration was achieved by qualitatively assessing the match between modelled and observed 

heads as well as assessing statistical calibration measures. 

L7 L8 
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Figure 56a Distribution of Model Calibration Targets in Layer 2 and 4 

 

 

Layer 2 

Layer 4 
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Figure 56b Distribution of Model Calibration Targets in Layer 5 and 6 

 

 
 

Layer 5 

Layer 6 
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Hydraulic conductivity and recharge rates were adjusted, within realistic ranges, during the 

manual calibration process. Calibration was considered complete when a reasonably good 

match was obtained between observed and simulated heads. 

Hydraulic conductivity values assigned to the calibrated steady state model are presented in 

Table 33. Recharge factors assigned to the calibrated model are presented in Table 29. 

Table 33 
  

Groundwater Model – Calibrated Values of Hydraulic Parameters 

Zone Kx (m/d) Ky (m/d) Kz (m/d) Locality Description 

11 2.05 2.05 1.06 Valley Alluvium (Sandy Silt) 

12 0.098 0.098 0.08 Hills Regolith (clayey silt with vegetation) 

13 0.1 0.1 0.02 Outcrop Rock (Local) Weathered Rock 

21 3 3 0.6 Valley Alluvium (Silty Sand) 

22 0.05 0.05 0.01 Hills Extremely Weathered Rock (silty 

clay) 

23 0.25 0.25 0.05 Outcrop Rock (Local) Weathered Rock 

31 0.89 0.89 0.09 Valley Partially Weathered Rock 

(weathered work with stiff clay) 

32 0.57 0.57 0.057 Hills Partially Weathered Rock 

33 0.87 0.87 0.09 Outcrop Rock (Local) Weathered Rock 

41 0.003 0.003 0.0003 South West Ordovician Basement 

42 0.003 0.003 0.0003 North East Sydney Basin 

45 0.06 0.06 0.012 Outer Mine Area Volcanics / Coomber Formation 

46 0.1 0.1 0.02 Mine Area Volcanics 

51 0.0021 0.0021 0.0004 West Volcanics / Ordovician 

52 0.0021 0.0021 0.0004 North East Sydney Basin 

53 0.02 0.02 0.002 Outer Mine Area Volcanics / Coomber Formation 

55 0.2 0.2 0.02 Mine Area Volcanics / Coomber Formation 

61 0.00023 0.00023 0.00004 Whole Model Ordovician Basement 

63 0.01 0.01 0.002 Outer Mine Area Volcanics / Coomber Formation 

71 0.0006 0.0006 0.0001 Whole Model Ordovician Basement 

81 0.0005 0.0005 0.0001 Whole Model Ordovician Basement 

 

Initial attempts to use pilot points within PEST-HP to assess if finer resolution hydraulic 

conductivity zones would improve calibration in the vicinity of the Mine Site, provided little benefit, 

and ultimately resulted in the adoption of the Mine Area and Outer Mine Area hydraulic 

parameter zones presented in Section 5.3.2.7. Manual calibration then proceeded on the basis 

of this zonation. 

Figure 57. shows the match between simulated groundwater levels (heads) in the calibrated 

steady model and observed heads. Qualitatively assessing the match between modelled and 

observed heads (Figure 57), the degree of calibration can be assessed according to how close 

the plotted points are to the diagonal line from the origin (i.e. along the line y=x that represents 

perfect calibration). Figure 57 shows a good match between simulated groundwater levels 

(heads) in the calibrated model and observed heads. 
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Figure 57 Model Calibration – Modelled vs Observed Heads (m AHD) 

 
 

Table 34 presents a summary of the calibration statistics for the steady state model. Figure 58 

shows the error (residual) for calibration targets in each model layer. The residual is the 

difference between the model-computed head and the observed head.   

Table 34 
  

Calibration Statistics for Steady State Model 

Statistical Parameters Value 

Residual Mean 0.02 m 

Residual Standard Deviation 7.74 m 

Absolute Residual Mean 5.73 m 

Residual Sum of Squares 8,090 

RMS Error 7.74 m 

Minimum Residual -17.22 m 

Maximum Residual 23.93 m 

Range of Observation 446.08 m 

Scaled Residual Standard Deviation 0.017 m 

Scaled Absolute Mean 0.013 m 

Scaled RMS 1.7% 

Number of Observations 135 

  

Ideal Fit 
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Figure 58 Calibration Residual Maps 
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The scaled root mean square (scaled RMS) is one of the statistics often used to quantitatively 

assess the goodness-of-fit between simulated groundwater levels and actual observed 

groundwater levels. A scaled RMS error less than ten per cent usually indicates a reasonably 

high degree of calibration. The scaled RMS error of 1.7% obtained in the calibrated steady state 

model (Table 34) shows that the model is well calibrated to measured heads. 

Given the good match between simulated and observed heads in Figure 57  and the acceptable 

calibration statistics (Table 34) it was concluded that the steady state model simulates average 

groundwater levels (heads) with reasonable accuracy. 

 Sensitivity Analysis – Steady State Model 

Following the manual calibration of the steady state model, automated sensitivity analysis was 

undertaken with PEST_HP (Watermark Numerical Computing, 2016) to identify those 

parameters that have the greatest/least influence on model calibration. 

The sensitivity analysis assessed the effect of changing hydraulic conductivity and recharge 

values on the objective function. The objective function is a measure of the level of agreement 

between observed water levels and model-simulated values. 

Parameter sensitivities were calculated during the PEST_HP automated parameter estimation 

process. PEST_HP systematically varies each of the adjustable parameters (i.e. hydraulic 

conductivity and recharge), one at a time and runs the model with the adjusted parameter set to 

establish the change in the objective function.  PEST_HP calculates a “composite sensitivity” for 

each parameter at the end of each optimisation iteration.  

To calculate the composite sensitivity, the groundwater model is run at least ‘m’ times (where m 

is the number of adjustable parameters) during each PEST_HP optimisation iteration. PEST_HP 

calculates the Jacobian matrix during each optimisation iteration (Doherty, 2015). Based on the 

contents of the Jacobian matrix, PEST calculates the composite sensitivity for each parameter 

using the Jacobian matrix (Watermark Numerical Computing, 2016).  

The horizontal hydraulic conductivity and recharge parameters assessed during the sensitivity 

analysis are presented in Table 35 and Table 36 respectively. Vertical hydraulic conductivity 

was tied to horizontal hydraulic conductivity during the automated calibration. This means that 

only horizontal hydraulic conductivity values are estimated, and then vertical hydraulic 

conductivity is scaled as PEST estimates horizontal hydraulic conductivity.   

Figure 59 shows composite sensitivity values for the horizontal hydraulic conductivity parameter 

zones hydraulic conductivity zones. The most sensitive horizontal hydraulic conductivity 

parameter zone is kx51, which is the zone in model layer 5 representing Volcanic/Ordovician 

rocks located to the west of the mine site. The kx51 composite sensitivity of 2,885 is several 

orders of magnitude higher than the next most sensitive hydraulic conductivity parameter zone 

kx12.  Parameter zone kx12 is the zone in model layer 1 representing clayey silt regolith material 

in hilly areas. The composite sensitivity values for all the other hydraulic conductivity zones are 

zero or very close to zero. A composite sensitivity of zero indicates that changing the parameter 

value from the calibrated model value does not degrade or improve the calibration (i.e. the 

calibration objective function is not affected). From the sensitivity analysis, it was concluded that 

further refinement of all hydraulic conductivity zones, except zone kx51 and kx12 through 

extended calibration would not provide any meaningful improvement in the reliability of the model 

since the calibration statistics are relatively insensitive to variation of these three parameters. 

Moreover, doing so could lead to assigning physically unrealistic values to the parameters in 

order to make model results fit the measurements.   
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Table 35 
  

Hydraulic Conductivity Parameter Zones Assessed during Sensitivity Analysis 

Parameter Layer Locality Geology Variability range allowed 

during analysis 

kx11 1 Valley Alluvium (Sandy Silt) Minimum value was one order of 

magnitude lower than calibrated 

model value.   

 

Maximum value was one order of 

magnitude higher than calibrated 

model value. 

kx12 1 Hills Regolith (clayey silt with 

vegetation) 

kx13 1 Outcrop Rock 

(Local) 

Weathered Rock 

kx21 2 Valley Alluvium (Silty Sand) 

kx22 2 Hills Extremely Weathered Rock 

(silty clay) 

kx23 2 Outcrop Rock 

(Local) 

Weathered Rock 

kx31 3 Valley Partially Weathered Rock 

(weathered work with stiff clay) 

kx32 3 Hills Partially Weathered Rock 

kx33 3 Outcrop Rock 

(Local) 

Weathered Rock 

kx41 4 South West Ordovician Basement 

kx42 4 North East Sydney Basin 

kx45 4 Outer Mine Area Volcanics / Coomber 

Formation 

kx46 4 Mine Area Volcanics 

kx51 5 West Volcanics / Ordovician 

kx52 5 North East Sydney Basin 

kx53 5 Outer Mine Area Volcanics / Coomber 

Formation 

kx55 5 Mine Area Volcanics / Coomber 

Formation 

kx61 6 Whole Model Ordovician Basement 

kx63 6 Outer Mine Area Volcanics / Coomber 

Formation 

kx71 7 Whole Model Ordovician Basement 

kx81 8 Whole Model Ordovician Basement 

 

Figure 60 shows composite sensitivity values for recharge zones. The most sensitive recharge 

zones are zones r32 and r34, located further to the north of the mine site. The composite 

sensitivities of approximately 2,885 for recharge zones r32 and r34 are several orders of 

magnitude higher than the composite sensitivities for the rest of the recharge zones. Recharge 

zones r1, r2, r3, r7, r14, r21, r31, with composite sensitivities of zero are insensitive to changing 

recharge from calibrated model values. 
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Table 36 
  

Recharge Zones Assessed during Sensitivity Analysis 

Zone Location Variability range allowed during analysis 

r1 Foothills Maximum value was 200% of calibrated model value.  

 

Minimum value was 50% of calibrated model value. 

r2 Hilltops 

r3 Hilltops 

r4 Floodplain 

r11 Foothills 

r12 Hilltops 

r14 Floodplain 

r21 Foothills 

r22 Hilltops 

r24 Floodplain 

r31 Foothills 

r32 Hilltops 

r34 Floodplain 

 

Figure 59 Hydraulic Conductivity Composite Sensitivity 
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Figure 60 Recharge Composite Sensitivity 

 
 

 Water Balance – Steady State Model 

Table 37 presents the water balance for the calibrated steady state model. Groundwater 

outflows along water courses, represented in the model by drain and river boundary cells, 

account for approximately 52% of the outflows from the groundwater model domain. 

Evapotranspiration accounts for approximately 46% of the losses from the groundwater system, 

with groundwater pumping from wells accounting for the balance of the groundwater losses. 

Groundwater recharge contributes approximately 99 % of the inflows to the groundwater system. 

The water balance indicates that, on average, the modelled groundwater system predominantly 

losses water to water courses.      

Table 37 
  

Water Balance for Calibrated Steady State Model 

Component Inflow (m3/day) Outflow (m3/day) 

Well 0 3 910 

River 2 746 26 270 

Drain 0 77 302 

Recharge 196 648 0 

Evapotranspiration 0 91 911 

Total 199 394 199 394 

Error 0 

Percentage Error 0% 

 

The water balance error of approximately 0% is lower than the suggested upper threshold of 1% 

presented in the Australian Groundwater Modelling Guidelines for a Class 2 groundwater model. 
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 Calibration for Groundwater Levels – Transient Conditions 

The model was calibrated for the period from 1 January 2011 through to 30 April 2017. The 

calibration simulation used transient stress periods (monthly), with the exception of the initial 

stress period which was assumed to be 1 day in duration and the model in steady-state to allow 

the model to settle in. Initial water levels were approximated from regional water levels in the 

CL&W PINNEENA database. 

Water level targets for calibration included one-off water levels extracted from the CL&W 

PINNEENA database, as well as time series water level data collected from the Bowdens Silver 

groundwater monitoring network. 

Hydraulic conductivity values assigned to the calibrated steady state model (Table 33) were 

assigned as initial values in the transient model. Storage parameters (specific yield and specific 

storage) and, if necessary, hydraulic conductivity values were adjusted manually to obtain a 

suitable match between observed and simulated heads.  

Calibration was conducted by iterative manual step-wise adjustment of model input parameters 

to achieve an acceptable match between simulated and observed heads (groundwater levels). 

Calibration was achieved by visually comparing simulated and observed hydrographs, as well 

as by assessing the statistical calibration measures. 

A reasonable level of calibration for the transient model was achieved with the same hydraulic 

conductivity values assigned to the calibrated steady state model (Table 33) (i.e. transient 

calibration was attained with no modification to the hydraulic conductivity data included in the 

steady state model). 

During the calibration, storage parameters were adjusted within the range of typical values for 

the formations occurring within the region. Storage parameters assigned to the calibrated model 

are presented in Table 38.  

Calibration hydrographs showing observed and simulated heads for bores located in the vicinity 

of the open cut pit and TSF area are presented in Figure 61 and Figure 62. Calibration 

hydrographs for bores to the north and south of the open cut pit area are presented in Figure 63 

and Figure 64 respectively. Calibration hydrographs for bores in the vicinity of Hawkins Creek 

and the groundwater works at Lue are presented in Figure 65 and Figure 66, respectively. 

A qualitative assessment of the hydrographs shows a reasonably good match between 

simulated and observed heads. The simulated groundwater level peak elevations were slightly 

lower than observed peaks because the model is formulated with monthly stress periods. High 

intensity short duration rainfall events cannot be represented explicitly in the model and as a 

result the peaks in groundwater levels are under-predicted. In addition, an average pumping rate 

was assigned to the extraction wells and hence the impact of daily and variable pumping cycles 

cannot be simulated accurately. 
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Figure 61 Model Calibration – Hydrographs (Vicinity of Open Cut Pit) 

  

   

Figure 62 Model Calibration – Hydrographs (TSF Area) 

  

Figure 63 Model Calibration – Hydrographs (hydraulic head in m AHD) north of the Open 

Cut Pit Area 
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Figure 64 Model Calibration – Hydrographs (hydraulic head in m AHD) south of the Open 

Cut Pit Area 

  

Figure 65 Model Calibration – Hydrographs (hydraulic head in m AHD) in the vicinity of 

Hawkins Creek 

  

  

Figure 66 Model Calibration – Hydrographs (at Lue) 
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Table 38 
  

Calibrated  Model Storage Parameter Values 

Zone Ss (m-1) Sy Locality Description 

11 9.0x10-4 0.11 Valley Alluvium (Sandy Silt) 

12 9.0x10-4 0.09 Hills Regolith (clayey silt with vegetation) 

13 5.0x10-5 0.02 Outcrop Rock (Local) Weathered Rock 

21 7.0x10-4 0.3 Valley Alluvium (Silty Sand) 

22 7.0x10-4 0.04 Hills Extremely Weathered Rock (silty clay) 

23 5.0x10-5 0.02 Outcrop Rock (Local) Weathered Rock 

31 5.0x10-4 0.09 Valley Partially Weathered Rock (weathered work with 
stiff clay) 

32 5.0x10-4 0.09 Hills Partially Weathered Rock 

33 5.0x10-5 0.02 Outcrop Rock (Local) Weathered Rock 

41 2.0x10-5 0.01 South West Ordovician Basement 

42 4.0x10-5 0.02 North East Sydney Basin 

45 5.0x10-5 0.01 Outer Mine Area Volcanics / Coomber Formation 

51 2.0x10-5 0.01 South West Volcanics / Ordovician 

52 2.0x10-5 0.01 North East Sydney Basin 

53 2.0x10-5 0.01 Outer Mine Area Volcanics / Coomber Formation 

55 2.0x10-5 0.01 Mine Area Volcanics / Coomber Formation 

61 2.0x10-5 0.01 Whole Model Ordovician Basement 

63 2.0x10-5 0.01 Outer Mine Area Volcanics / Coomber Formation 

71 1.0x10-5 0.01 Whole Model Ordovician Basement 

81 8.0x10-6 0.01 Whole Model Ordovician Basement 

 

The calibration statistics for quantitatively assessing the goodness-of-fit between simulated and 

observed heads are presented in Table 40. For calibration of groundwater models, one of the 

key performance measures is the correlation between observed and predicted water levels in 

terms of absolute levels, with the difference in observed and predicted water levels termed the 

residual. The maximum residuals are accentuated due to the pumping effect on the extraction 

wells located within the area. An average pumping rate was assigned to the extraction wells and 

hence the impact of daily and variable pumping cycles cannot be simulated accurately as shown 

in the above hydrographs.  

The calculated residuals for the water level calibration targets are then treated statistically as 

described in the Australian Groundwater Modelling Guidelines (Barnett et al. 2012) and 

presented on Table 39. 

Overall the calibration achieved a very good scaled root mean square (RMS) error of 1.4%. 
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Table 39 
  

Calibration Statistics for Transient Simulation 

Statistical Parameters Value 

Residual Mean -1.68 m 

Residual Standard Deviation 4.03 m 

Absolute Residual Mean 7.07e+6 m 

RMS Error 6.26 m 

Minimum Residual -41.71 m 

Maximum Residual 28.74 m 

Range of Observation 446.08 m 

Scaled Residual Standard Deviation 0.014 m 

Scaled Absolute Mean 0.010 m 

Scaled RMS 1.4% 

Number of Observations 180 361 
 

 Water Balance – Transient Model 

The transient calibration water balance is provided on Table 40. Groundwater outflows along 

water courses, represented in the model by drain and river boundary cells, account for 

approximately 42% of the outflows from the groundwater model domain. Evapotranspiration also 

accounts for approximately 42% of the losses from the groundwater system. On average, 

groundwater pumping from wells accounted for approximately 2% of the losses from the 

modelled groundwater system. Groundwater recharge and river leakage contribute 

approximately 91 % and 1% of the inflows to the groundwater system. The net negative change 

in groundwater storage indicates a net gain in groundwater storage over the modelled period.     

Table 40 
  

Water Balance for Transient Calibrated Model 

Component Inflow (m3/day) Outflow (m3/day) 

Storage 18 389 32 111 

Well 0 4 975 

River 2 881 24 693 

Drain 0 74 363 

Recharge 212 132 0 

Evapotranspiration 0 97 260 

Total 233 402 233 402 

Error 0 

Percentage Error 0% 

 

The water balance error of approximately 0 % is lower than the suggested upper threshold of 

1% presented in the Australian Groundwater Modelling Guidelines for a Class 2 groundwater 

model. 
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 Base Flow Calibration 

The model was also calibrated for flows by comparing predicted baseflow in Hawkins Creek to 

baseflow estimated from measured streamflows. Streamflow in Hawkins Creek (downstream of 

the Mine Site) is monitored by a gauge and the results are presented in Figure 67 with the 

corresponding calculated baseflow presented in Figure 68. The baseflow contribution was 

calculated from the gauged streamflow data using the method described by Chapman (1999).  

Figure 67 Measured Discharge at Hawkins Creek (June 2013 to April 2018) 

 
 

Figure 68 Modelled vs Calculated Baseflow in Hawkins Creek (Calibration Period) 
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Chapman’s approach utilises the recession constant of the hydrograph, which represents the 

ratio of the flow to the proceeding flow during a period of no direct runoff. This filter is based on 

the assumption that the baseflow is a weighted average of the quick flow (immediate runoff) and 

the baseflow at the previous time interval and only requires a single pass through the data. 

The estimated baseflow component generally remains less than 0.2 ML/day with the exception 

being during periods of peak rainfall runoff. The model predicted baseflow contributions also 

show a rise and fall with rainfall recharge to the aquifer, in response to rising and falling 

groundwater levels. The model baseflow value matches well with the calculated value based on 

measured flows (Figure 68). 

5.3.4 Predictive Modelling Scenarios  

Following successful calibration, two predictive scenarios of the numerical groundwater model 

were run. One scenario represents the “Null Case” in which no active mining takes place, with 

the other scenario being the “Mining Case”, in which the proposed open cut pit development and 

other associated mine infrastructure is included.  

The modelled Mining Case scenario included: 

• a period of one year (pre-mining), 

• the 15.5 year proposed mine development; and 

• a period of 100 years following mine closure.  

Groundwater inflows due to open cut pit dewatering are obtained as a direct output from the 

Mining Case scenario, whereas effects due to mining, such as groundwater drawdown or 

baseflow reduction, are calculated by comparing the Mining Case scenario to the same period 

from the Null Case scenario. 

 Mining 

The predictive Mining Case scenario assumes that mining operations and open cut pit 

development would occur as summarised in Section 5.2.1. This scenario also assumes no 

temporal variation in climatic stresses in the future. In this regard, the model assumes average 

rainfall and evaporation in the future as estimated from historic climate observations. It is noted 

that potential future climatic variability has been assessed by applying high and low recharge 

scenarios in the Model Sensitivity Analysis (Section 5.3.5.8). 

Mine dewatering has been simulated by MODFLOW Drain cells (using the DRN Package) drain 

cells that simulate the capture of mine water via sump dewatering as the mine operation 

advances the open cut pit. A series of drain (DRN) cells were assigned to the model to simulate 

the removal of water flowing into the open cut pits throughout the life of the Project. These cells 

are activated in a manner that replicates the mining schedule based on 6-monthly open cut pit 

progression. The drain elevations have been set to the elevation and extent of the proposed 

mine development.  
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For the post mining period, the final voids were represented as regions of high hydraulic 

conductivity and specific yield was set to 1.0 which are the appropriate settings for the simulation 

of a void in which water can accumulate.  

Rainfall and evaporation were assumed to be active in the final voids and these climatic stresses 

help to predict post-mining final void water levels.   

 Tailings Storage Facility 

The TSF has been replicated in accordance with the TSF Preliminary Design Report (ATC 

Williams, 2020a), including the staged development and of the TSF decant pond. 

During mining, the TSF has been simulated by applying higher recharge rates to the area of 

inundation of the decant pond within the proposed TSF. Post-mining it is assumed that the TSF 

would be capped to reduce recharge and minimise seepage, and a reduced rate of recharge is 

applied over the TSF area. Nominal rainfall recharge is applied to the TSF areas outside of the 

decant pond area. 

Adopted recharge rates for the TSF decant pond during mining are provided in Table 41. A 

seepage rate of 1.56x10-8 m3/s/m2 (1.3x10-3 m/day) considering a 20 m thick tailings profile (ATC 

Williams, 2020a) was applied over the entire ponded area for each stage. 

Table 41 
  

Recharge Rate within TSF Decant Pond  

Predictive modelling (Mine schedule) Recharge applied (m/day) Comments 

Pre-mining (Year 0-1)  9.55x10-5 Average climatic condition 

Mining (Years 1-2)  9.55x10-5 Average climatic condition 

Mining (Years 2 -15.5) 
1.3x10-3 Elevated recharge due to 

TSF ponding  
 

A low permeability grout curtain is proposed beneath the TSF embankment to mitigate against 

potential seepage. The grout curtain was simulated using the Wall horizontal flow boundary 

(HFB) package in layers 1, 2 and 3 of the model beneath the TSF embankment in accordance 

with ATC Williams (2020a) TSF design. The HFB was assigned a wall thickness of 25 m and a 

hydraulic conductivity of 0.00864 m/day (1 x 10-7 m/s). 

 Post-Mining 

Post mining, when active dewatering is discontinued, groundwater levels in the vicinity of the 

open cut pit would rebound resulting in the net inflow of groundwater to the open cut pit. This 

inflow, combined with incident rainfall and runoff from any contributing catchments would result 

in the formation of an open cut pit lake, within the mine void, that would develop until equilibrium 

is reached between total inflows and total outflows. 

During this period, the model assumes specific hydraulic conditions in the final mining voids, as 

follows. 

• Hydraulic conductivity of 1,000 m/d, which represents very high conductivity 

consistent with a void filled with water. The assumption ensures that there are no 

substantial head gradients within the void. 
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• In the pit area where the pit lake climbs through a number of model layers, the 

specific storage is set to equal 5x10-6 m-1 to match the compressibility of water. 

The specific yield in the pit area is set to 1.  

• Rainfall is assumed to accumulate in the void at a rate equivalent to 100% of the 

mean annual rainfall.  

• In the void area, a maximum evaporation rate of 4.15 mm/day was applied when 

the water table/void water level was above the ET surface. This maximum 

evaporation rate is equivalent to the mean daily evaporation from the SILO data. 

The ET surface was assigned as the top elevation of the highest active model cell 

in a column.  An extinction depth of 55 m was applied with the extinction depth 

determined based on an iterative process of matching model simulated 

evaporation volumes to evaporation volumes calculated analytically.  

• Recharge rate in the TSF Area was reduced gradually assuming the TSF would 

be capped and would drain over time. A very low recharge rate was applied 

following six years post closure. Applicable recharge rates adopted are provided 

on Table 42. 

• A lower recharge rate (1.15x10-7 m/day) was applied in the post mining period to 

the WRE located at the eastern side of the open cut pit on the basis that the WRE 

would be lined and encapsulated (Advisian, 2020). 

Table 42 
  

Recharge rate within TSF Area (post mining) 

Predictive Modelling 

(Mine schedule) 

Recharge Applied (m/day) in the 

Decant Pond Area of the Model 

Comments 

Post-mining (1-2 years) 1.3x10-3 Higher recharge due to TSF 

ponding 

Post-mining (2 to 6 years) 1.3x10-4 Capped and draining 

Post-mining (6-200 years) 1.3x10-6 Fully drained 

 

5.3.5 Model Results 

 Mine Dewatering 

Predicted mine inflows are provided on Figure 69 with predicted annual dewatering volumes 

provided on Figure 70. 

Figure 69 provides both the raw drain cell output (Modelled Inflows) and a smoothed inflow that 

is considered to be more representative of the likely actual inflow rates. The direct model output 

displays large spiked inflow events that are an artefact of the six-monthly open cut pit shells 

being implemented in the model. As each 6-month block is extracted (via drain cells replicating 

the base elevation of the block), inflows spike as the surrounding groundwater system 

equilibrates with the newly imposed drain elevation. In reality, mining would progress at a 

relatively steady rate of advancement resulting in a more gradual increase in inflows as 

represented by the smoothed inflow curve. 
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Figure 69 Predicted Dewatering Rates 

 
 

Figure 70 Predicted Annual Dewatering Volumes 
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Once mining advances below the water table during the second year of mining, dewatering 

requirements steadily increase until the open cut pit reaches a depth of 525 m AHD at the end 

of Year 4, with average inflows of the order of 3.5 ML/day. 

Dewatering rates then drop off as cut backs expand the open cut pit at higher elevations. Inflows 

start to increase again mining advances below 525 m AHD during Year 7, peaking at 

approximately 3 ML/day as the open cut pit reaches its maximum depth of 456 m AHD at the 

end of Year 9. 

Subsequent open cut pit development is initially another expansion to the west at shallower 

depths, resulting in diminishing dewatering requirements until Year 15. In the last year and a half 

of mining, dewatering requirements are predicted to increase again as the eastern pit advances 

towards its final depth of 460 m AHD. 

Average inflows over the life of mining are of the order of 2.4 ML/day. The satellite mines stages 

do not significantly influence overall mine dewatering requirements. 

Annualised dewatering volumes (January to December) are provided on Figure 70. Rapid 

vertical advancement of the open cut pit means that the dewatering requirements increase 

rapidly once mining proceeds below the water table. The peak annual dewatering requirement 

is during Year 4 with a predicted annual volume of approximately 1066 ML. The average annual 

dewatering requirement, once dewatering commences, is approximately 800 ML. 

It is noted that as dewatering will be achieved via pumping from sumps within the mine pit, there 

is potential for significant evaporative losses as groundwater seeps from exposed faces or is 

directed around active work areas towards dewatering sumps. While these evaporative losses 

cannot be readily quantified, there is potential that the volume of active dewatering required, 

may be somewhat less than the predicted dewatering requirement. 

 Groundwater Drawdown 

Inflow of groundwater over the duration of mining would result in drawdown of groundwater levels 

in the formations surrounding the open cut pit area. Predicted drawdown at the water table at 

the end of Year 9 and at the completion of mining in Stage 6 (15.5 years) are shown in Figure 71 

and Figure 72 respectively.  

The extent of drawdown was noted to extend to Hawkins Creek, with drawdown of the order of 

1 to 2 m at Hawkins Creek at the end of Year 9 over a 1.9km section of the creek (Figure 71) 

and typically of the order of 2 m at the end of mining over a 2.8km section of the creek 

(Figure 72). 

Figure 73 show a section though the pit and TSF with water table after 9 years of mining (black 

line) and 15.5 years of mining (blue line). As mining has reached its maximum depth by the end 

of Year 9, there is not a significant difference in water levels between year 9 and year 15.5 in 

the vicinity of the mine. 
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Figure 71 Predicted Drawdown at End of Stage 3 (Year 9) 
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Figure 72 Predicted Drawdown at End of Mining (Year 15.5) 
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Figure 73 Sections showing predicted water levels at Year 9 (black) and Year 15.5 (blue) 

 
 

At the end of mining propagation of drawdown, as represented by the predicted 1 m drawdown 

contour is typically in the order of 1.5 km to the east and south, 2 km to the west and 2.2km to 

the north. Drawdown to the northwest is attenuated due to mounding beneath the TSF, with 

maximum mounding of the order of 8 m. 

It is noted that the model is conservative with respect to predicted drawdowns within the Sydney 

Basin lithologies that overly the Rylstone Volcanics. In reality, hydraulic connection between 

mining related drawdown in the Rylstone Volcanics and Coomber Formation of the Lachlan 

Orogen, and the Sydney Basin lithologies is likely to be limited due to the highly stratified nature 

of the sediments and the presence of low permeability siltstone and shale horizons. These low 

permeability layers are not specifically represented in the model but will act to inhibit vertical 

migration of groundwater and isolate the Sydney Basin lithologies from the mining induced 

depressurisation in the underlying formations. Therefore, the drawdowns as predicted within the 

Sydney Basin, are unlikely to be realised to the full extent predicted. 

 Tailings Storage Facility 

As discussed in Section 5.3.4.2 a higher recharge rate applied in the model to account for the 

TSF decant pond. In the vicinity of the TSF, the groundwater is predicted to rise and would form 

a mound beneath the TSF impoundment area. The groundwater mounding in the aquifer at the 

end of 9 years and 15.5 years of mining is presented in Figure 71 and Figure 72 respectively. 

A total maximum rise of 8 m was predicted beneath the TSF area due to higher recharge from 

the TSF. The mounding is not readily apparent on Figure 73 due to the scale of the section. 

As can be seen from Figure 71 and Figure 72, the modelled low permeability grout curtain is 

effective in containing the down-valley migration of the seepage mound. 

Groundwater flow in the vicinity of the TSF post-mining is discussed in Section 5.3.5.5. 

 Waste Rock Emplacement 

As the WRE is to be fully lined and encapsulated, it has not been simulated via modelling during 

mining. In the post mining period, the WRE has been modelled as an area of reduced recharge 

consistent with the design of the structure (that is, design to maximise runoff and minimise 

infiltration). 
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 Post Mining Recovery 

Post mining, the drawdown cone from the end of mining is initially predicted to expand until 

equilibrium is reached between the total groundwater inflows towards the open cut pit and the 

final losses from the open cut pit. The cone of drawdown is predicted to approach its maximum 

extent 16 years post closure with further minor increases occurring until approximately 50 years 

post closure. Predicted residual drawdown at this time is shown in Figure 74.  

In the post mining period, mounding beneath the TSF diminishes and the TSF area is 

encompassed by the cone of drawdown. 

Drawdown propagation at 50 years post mining, as represented by the predicted 1 m drawdown 

contour is typically less than 2 km to the east and south, up to 3 km to the west and 2.5 km to 

the north. Drawdown to the south is largely attenuated due to Lawsons Creek. Predicted 

drawdown at Lawsons Creek is typically less than 1 m, with approximately 2m maximum 

drawdown at Hawkins Creek. 

The residual drawdown as predicted at 50 years post mining is indicative of the long-term 

residual drawdown representing the new post-mining equilibrium with the final void acting as a 

groundwater sink. Some minor continued recovery is likely before complete dynamic equilibrium 

is achieved. However, any variations in residual drawdown at greater than 50 years post mining 

are insignificant with respect to the inherent uncertainty of the model and time span of 

predictions. 

 Final Void 

The predictive model scenario was continued through to 200 years post mine closure to inform 

the final void water and salt balance being undertaken by WRM Water + Environment (WRM, 

2020). Because the Project’s mining activities result in excavations to below the regional water 

table level, the model predicts the formation of pit lakes in the final voids once mining and water 

removal from the voids ceases. A final void recovery scenario was undertaken without fluxes of 

rainfall or evaporation over the pit area, to develop a groundwater inflow vs pit lake elevation 

relationship to inform the final void water balance (WRM, 2020). 

Residual inflows to the mine void were supplied to WRM Water + Environment for inclusion in 

the final void water balance (WRM, 2020). Figure 75 shows the predicted long-term equilibrium 

water level in the pit lake fluctuating between approximately 571 and 577 mAHD after 

approximately 100 years, with an average of approximately 574 mAHD. This is approximately 

16 to 26m below the pre-mining water table, and 23m below the pit crest spill height of 

597 mAHD. 

The salt balance undertaken for the final void (WRM, 2020) indicates that salts would gradually 

accumulate within the pit lake due to evaporative concentration. Based on an indicative 

groundwater inflow electrical conductivity of 1420 µS/cm the following pit lake salinities are 

predicted to develop over time: 

• 100 years – 2000 µS/cm 

• 200 years – 2880 µS/cm 

• 300 years – 3725 µS/cm 

• 400 years – 4375 µS/cm 

• 500 years – 5375 µS/cm  
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Figure 74 Predicted 50 Year Post Mining Residual Drawdown 
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Figure 75 Pit Lake Equilibrium Level 

 
 

Further detail on the final void water balance, including pit lake water quality is provided in 

Section 7 of the Surface Water Assessment (WRM, 2020). 

 Baseflow Reduction 

Groundwater drawdown has potential to reduce streamflow through either direct stream 

depletion or through intercepting groundwater that would otherwise discharge to surface water. 

Baseflow reductions to Hawkins and Lawsons Creeks have been calculated from the change in 

flux from either River boundaries (Lawsons Creek) or Drain boundaries (Hawkins Creek) 

between the Mining Case and Null Case scenarios. The flux calculations have been undertaken 

including reaches of Hawkins and Lawsons Creeks extending beyond the predicted area of 

drawdown. For Hawkins Creek the reaches considered extend from the confluence with 

Lawsons Creek to approximately 6 km to the northeast of the Mine Site in the upper catchment 

of Reedy Creek and Horse Gully tributaries (Figure 8). For Lawsons Creek, the reach extends 

from approximately 3.5 km southeast of the Mine Site to 4 km west of the Mine Site. 

The modelled baseflow (Null Case) to Hawkins and Lawsons Creeks is found to be relatively 

low with groundwater contribution to streamflow at Hawkins Creek less than half  that to Lawsons 

Creek with contributions of approximately 72 m3/day (0.072 ML/day) and 184 m3/day (0.184 

ML/day), respectively (Figure 76 and Figure 77). As noted in Section 5.3.3.1, the predicted 

baseflow to Hawkins Creek matches well with the overall baseflow calculated for the 

downstream gauging station, however, the model over-predicts baseflow contribution during 

times of low or no flow. 



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 5: Groundwater Assessment Bowdens Silver Project 

 Report No. 429/25 

 
– Jacobs Group (Australia) Pty Limited 5 - 175 

 

 

Figure 76 Predicted Baseflow Reduction at Hawkins Creek 

 
 

Figure 77 Predicted Baseflow Reduction at Lawsons Creek 
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During mining, the baseflow to both Hawkins and Lawsons Creeks reduces with the expansion 

of the cone of drawdown. The reduction of base flow has been estimated by subtracting the 

modelled base flow during mining from that of the null case. From Figure 76 and Figure 77 it 

can be seen that baseflow reductions attributed to the Project continue to increase beyond the 

end of mining, peaking at approximately 28 to 34 years from the commencement of mining (12 

to 18 years post mining). The slight reduction in baseflow that is apparent past approximately 50 

years (approximately 34 years post mining) is the result of changes to model boundary 

conditions in the post mining period and is not related to the Project. The long term baseflow 

reduction due to the project is likely to reach equilibrium at around the values of 0.024 ML/day 

for Hawkins Creek and 0.018 ML/day for Lawsons Creek approximately 34 years post mining as 

indicated on  Figure 76 and Figure 77. 

A maximum baseflow reduction of approximately 30 m3/day (0.030 ML/day) is predicted for 

Hawkins Creek and 24 m3/day (0.024 ML/day) for Lawsons Creek within 100 years of 

commencement of mining. However, as noted above, actual baseflow reduction attributable to 

the project is likely to be less. 

 Model Uncertainty Analysis 

Uncertainty analysis was undertaken to assess the effect of individually varying model input 

parameter values including hydraulic conductivity, recharge and storage parameters on model 

predictions. The following uncertainty analysis models were developed: 

• High and low hydraulic conductivity scenario: Bulk hydraulic conductivity (K) 

values assigned to the uncertainty analysis models were one order of magnitude 

higher and lower than K values assigned to the base case model (Table 33) for 

high and low K scenario respectively.  

• High and low storage parameter scenario: All storage parameter values were 

varied by 200% higher and 50% lower than values in the base case model 

(Table 33) for the high and low storage parameter scenarios respectively.   

• High and low recharge scenario: Recharge factor values were varied by 200% 

higher and 50% lower than in the base case model for the high and low recharge 

scenario models respectively. 

Predicted mine inflows from the sensitivity models above are compared to predictions from the 

base case model (i.e. prediction model used to generate results presented above). Sensitivity 

analysis results for predicted groundwater inflow are presented in Figure 78 below. Associated 

predicted drawdown at the end of mining for each scenario is provided in Annexure 9. 

If the hydraulic conductivity value is one order magnitude higher, then inflows could be as much 

as about 1.5 to 3.5 times higher than the base case scenario (Figure 78). However, this scenario 

is considered to be extremely unlikely as the range of formation permeability in the vicinity of 

mining is well understood. High permeability zones have been identified during field testing, 

however longer-term testing has shown these zones to be discrete and rapidly dewatered. 

The elevated formation storage and elevated recharge scenarios also result in marginally higher 

inflows than the base case, with approximately up to 1.4 and 1.2 times the base case scenario, 

respectively.  
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Figure 78 Sensitivity Analysis Results of Mine Inflow Rates 

 
 

As expected, the reduced parameter scenarios result in lower predicted inflows with the low 

hydraulic conductivity scenario giving the lowest predicted inflows. Reduced mine inflows, while 

not considered to be likely, would be of little consequence to the Project as any required make-

up water would be sourced from the Ulan Coal Mine and/or Moolarben Coal Mine. 

Predicted drawdown at end of mining for the sensitivity analyses are provided in Annexure 9. 

The only significant increase in the extent of drawdown is for the elevated hydraulic conductivity 

scenario, with the other scenarios being of either similar extent (low recharge and low storage), 

or significantly reduced (low hydraulic conductivity, high recharge, and high storage). 

The difference between the high and low recharge scenarios is not significant, indicating that the 

bulk of the mine inflows are derived from storage. 

The main difference in drawdown for the high hydraulic conductivity scenario is increased 

drawdown propagation to the north and east, with propagation to the south and southwest likely 

attenuated by Lawsons Creek. However, as noted previously, the high hydraulic conductivity 

scenario is considered to be extremely unlikely. 

The sole purpose of the uncertainty analyses was to assess the effect of applying parameter 

values at the high end and low ends of the probable range of values for the parameters. The 

high and low parameter values assigned to the uncertainty analysis models do not necessarily 

result in well calibrated models. It was noted in the hydraulic conductivity (K) sensitivity analysis 

discussion (Section 5.3.3) that for the range of K values assessed spanning two orders of 

magnitude (i.e. one order of magnitude higher to one order of magnitude lower than the 

calibrated model K values), the objective function was not significantly affected by changes in 

all horizontal K values zone except zones kx51 and Kx12. The objective function is a statistical 
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measure used to measure the degree of calibration. The recharge rate sensitivity analysis 

(Section 5.3.3) indicated that for the range of recharge values assessed, the objective function 

was not significantly affected by changes in all recharge zone values, except zones r32 and r34.  

 Predictive Uncertainty 

Groundwater flow models are inherently subject to uncertainties arising from the fact that models 

are generally unable to incorporate the full complexity of the natural environment. In particular, 

groundwater models are unable to capture all of the salient features of the natural environment 

that influence groundwater behaviour. 

Predictive uncertainty also arises from the fact that groundwater models are generally founded 

on relatively sparse data resulting in the need to apply bulk parameters and simplify 

assumptions. While it is generally not possible to map and include all of the spatial complexity 

of the aquifer being modelled, it is necessary to acknowledge predictive uncertainty and to try to 

quantify and deal with such uncertainties. 

For the Project, a balance has been struck between an overly conservative approach and getting 

entangled in overly complex small-scale detail. Initial attempts at high resolution pilot point 

calibration in the near open cut pit area, to replicate short term pumping observations and 

structural influences, were found to be of little overall benefit and with little influence on predicted 

inflows or drawdown. A more simplified approach with relatively uniform and elevated 

permeability in the mining area surrounded by an outer zone of intermediate permeability was 

ultimately adopted and provided for a better calibration. 

5.3.6 Model Review 

Independent peer review of the groundwater model and modelling process has been undertaken 

by Dr Noel Merrick of SLR Consulting (formerly of HydroSimulations). The review comprised 

progressive reviews throughout model development including: 

• Inception review and groundwater model study plan. 

• Calibration review. 

• Final review. 

Review comments have been taken onboard and used to refine the groundwater model and 

modelling process as relevant. The final review finds the groundwater model fit for the purpose 

of estimation of water take and the prediction of the reduction in regional groundwater levels 

(and associated impacts). A copy of the model review is provided as Annexure 10. 
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6. I M PA C T A SS ES S ME N T  

6.1 WATER LEVELS 

Potential impacts arising from reduced water levels associated with mine dewatering and 

groundwater drawdown are assessed in the following sections. Predicted groundwater 

drawdowns are presented on Figure 71 to Figure 74. 

6.1.1 Groundwater Users 

Potential groundwater drawdown is noted at 11 registered groundwater works that are recorded 

as being for water supply (domestic, stock, irrigation, or farming). Of these works, 9 are located 

on properties owned by Bowdens Silver. Potential impacts to the remaining works are noted as 

follows: 

• GW061475. Located to the north of the Mine Site on the Dryden property. The bore 

is recorded as being 15 m deep utilising supply from the Illawarra Coal Measures. 

Predicted drawdown at the end of mining is approximately 1 m, with maximum 

potential drawdown of the order of 2 to 5 m predicted. If the upper range of 

drawdown is realised, there is potential for groundwater supply from this bore to 

be compromised. It is noted that this bore is elevated significantly above the main 

open cut pit, and within the Sydney Basin sediments. As noted in Section 5.3.5.2, 

the groundwater model is considered to be conservative with respect to predicted 

drawdowns within the Sydney Basin lithologies, and it is considered unlikely that 

that drawdowns as predicted would eventuate at that location. 

• GW802888. Located to the east of the Mine Site on the Robinson property. The 

bore is recorded as being 51 m deep and is inferred to be utilising supply from the 

Coomber Formation. Maximum predicted drawdown is of the order of 1 to 2 m. 

Post-mining drawdown of this magnitude is not expected to significantly impact 

supply from the well. 

The above notwithstanding, if water supplies to these groundwater users are compromised due 

to mining induced water level drawdown, then “make good” provisions would apply. 

6.1.2 Groundwater Dependent Ecosystems 

There are no high priority GDEs within the area of predicted groundwater drawdown. 

The predicted area of drawdown encompasses a number of areas mapped as having a high 

potential for terrestrial GDEs and GDEs associated with river baseflow systems. These areas 

are predominantly associated with Hawkins and Lawsons Creeks.  

Predicted maximum drawdown beneath Hawkins Creek is typically in the range of 1 to 2m, with 

some localised areas of increased drawdown (3 to 4 m). Predicted maximum drawdown beneath 

Lawsons Creek is typically of the order of 1m or less. 

Predicted drawdowns in areas adjacent to Hawkins Creek are not anticipated to have detrimental 

effect on terrestrial vegetation. Vegetation has been largely cleared for pasture. Where remnant 

vegetation does exist, it is expected that this would be sustained by soil moisture and intermittent 

wetting by rainfall, elevated creek flows, and flooding.  
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There is potential that any terrestrial GDEs within areas of drawdown greater than 2m, and away 

from Hawkins Creek may have potential to deteriorate due to reduced access to water, however, 

as noted by EnviroKey (2020), none of the terrestrial vegetation within the project area is 

considered to be reliant on access to groundwater and therefore no terrestrial GDEs have been 

identified. 

Springs and swamp meadow areas that are maintained by rainfall fed sub-flow within the soil 

profile are not anticipated to be impacted by mine dewatering as they are not inferred to be 

groundwater dependant. Springs associated with discharge from bedding planes within the 

Sydney Basin sediments are also unlikely to be impacted by drawdown. 

6.1.3 Baseflow 

Predicted baseflow reduction to Hawkins Creek is summarised in Section 5.3.5.7. 

A maximum reduction in baseflow to Hawkins Creek of 0.03 ML/day is predicted over the 3.1km 

reach of Hawkins Creek located within the area of predicted drawdown. This is compared to a 

median flow of approximately 0.09 ML/day. In Lawsons Creek, the maximum reduction in 

baseflow is predicted be 0.024 ML/day which isn’t considered to be significant and is only 

approximately 0.1% of the average daily flow of 19.5ML/day (WRM, 2020).  

As noted in Section 5.3.5.7, while achieving a good calibration to calculated overall baseflow 

values, the groundwater model over predicts baseflow contributions during ongoing periods of 

low to no stream flow. Predicted baseflow impacts during periods of low to no flow are, therefore, 

also considered to be over predicted. For the significant periods of no flow in Hawkins Creek, 

there can be no further reduction in flow, while for periods of median to high flow, the predicted 

baseflow reductions are not considered to be significant. 

During periods of no flow, when remnant pools are present, and where these pools are a direct 

reflection of the regional water table, there is potential for pool levels to decline inside the area 

of predicted drawdown (Figure 72). For remnant pools that are isolated from the regional water 

table (impounded by bedrock bars) or are sustained by smaller perched groundwater systems, 

pool depths are unlikely to be impacted by mining related groundwater drawdown. 

It is noted that there is potential for reduced frequency and depth of remnant pools during 

extended dry periods as a result of groundwater drawdown. Where permanent pools within the 

area of predicted drawdown are utilised for water supply, the availability of water in these areas 

may be compromised. Where this is the case, it is recommended that additional investigations 

be undertaken to ascertain the connectedness and reliance of the pool on the regional water 

table and to establish the need (if any) for contingency measures. 

6.2 GROUNDWATER QUALITY 

6.2.1 Mining 

Excavation below the water table would expose potential acid forming material in the open cut 

pit walls. Oxidation of acid forming materials and subsequent mobilisation by groundwater 

inflows or rainfall runoff has potential to generate acid drainage within the open cut pit. During 

mining, any generated drainage would be captured by the dewatering system and pumped to 

the processing plant for use in processing. 
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6.2.2 Post Mining  

Salinification of the pit lake due to evaporative concentration is expected to occur gradually over 

time as indicated in Section 5.3.5.6, with pit lake salinity reaching approximately 2000 mg/L TDS 

after 100 years and 5375 mg/L TDS after 500 years. 

However, as discussed in Section 5.3.5.6, the final mine void is also predicted to remain a 

groundwater sink, with final equilibrium levels predicted to be below the pre-mining groundwater 

level and ongoing evaporative losses from the pit of the order 500 kL/day (0.5 ML/day). This 

means that the direction of net groundwater flow would be towards the pit and the saline water 

that develops within the pit would  not be able to escape or impact on local water quality. 

While not considered in the post-mining simulations, water that is captured in the TSF following 

the completion of processing activities would be pumped to the main open cut pit. There is also 

potential for runoff captured within the Blackmans Gully catchment to be initially diverted into the 

main open cut pit to expedite pit void equilibrium and to help mitigate post mining drawdown 

expansion. The drainage would then be re-directed around the pit once the pit lake approaches 

equilibrium. 

6.2.3 TSF 

Seepage from the base of the TSF is predicted to result in localised groundwater mounding. The 

salinity of the tailings water would be commensurate with process water salinity which is 

anticipated to be of the order of up to 850 µS/cm, approximately 550 mg/L TDS. This is 

considerably lower salinity than the baseline groundwater quality in the vicinity of the TSF which 

is of the order of 2900 µS/cm at BGW15, 1350 µS/cm at BGW16, and 1600 µS/cm at BGW17. 

The tailings materials have potential to be acid forming and therefore tailings seepage has 

potential for low pH and elevated metals concentrations. The TSF design incorporates measures 

to minimise seepage, including a low permeability cut-off wall beneath the embankment. 

Seepage interception measures and groundwater monitoring would also be implemented 

downgradient of the TSF. 

Any water quality impacts are expected to be localised to the area of potential mounding as 

indicated on Figure 71 to Figure 72 and would  ultimately be captured within the predicted cone 

of drawdown as shown on Figure 74. 

6.3 AIP MINIMAL IMPACTS CONSIDERATIONS 

The AIP minimal impact considerations for highly productive alluvial, fractured rock and porous 

rock aquifers are outlined in Section 2.1.4. A detailed assessment against the AIP minimal 

impacts considerations, along with a completed AIP framework checklist, is provided in 

Annexure A. 

In general, the Project would meet with the Level 1 Minimal Impact Considerations for highly 

productive, alluvial, porous rock and fractured rock aquifers, meaning that under the AIP, the 

predicted impacts of the Project are considered to be acceptable. 
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7. L I CE N SI NG RE Q UI RE M E N TS  

7.1 PREDICTED DEWATERING AND AQUIFER PARTITIONING 

The modelled groundwater inflow to the main open cut pit is contributed from the two following 

groundwater sources: 

• Sydney Basin Groundwater Source of the NSW Murray Darling Basin Porous Rock 

Groundwater Sources, 2011; and 

• Lachlan Fold Belt Groundwater Source of the NSW Murray Darling Fractured Rock 

Groundwater Sources, 2011. 

The predicted mine dewatering volumes derived from modelling have been partitioned to 

determine the water take (either direct or induced) from the relevant groundwater and surface 

water sources. 

During drilling and testing within and close to the proposed open cut pits, it was noticed that the 

Sydney Basin sediments remain largely unsaturated. Hence, the lateral inflow from Sydney 

Basin at the Mine Site is negligible. However, the Sydney Basin sediments would become 

saturated away from the Mine Site and would contribute indirectly to mine inflows via vertical 

leakage to the volcanic units. To predict the component of contribution from the Sydney Basin 

Groundwater Source the vertical water loss from the Sydney Basin sediments was estimated 

using a zone budget of the model within the area of influence of drawdown within Sydney Basin. 

The annualised inflow volumes from the relevant water sharing plans are presented in Table 43.  

Baseflow reduction from Hawkins and Lawsons Creeks, as a result of mining activity, is 

considered as take from the Lawsons Creek Water Source of the Macquarie Bogan Unregulated 

and Alluvial Water Source 2012. 

The partitioning has been balanced such that the sum of the partitioned takes, does not exceed 

the total dewatering volume. Any modelled take from a surface water source, resulting from 

reduced baseflow contribution, has been deducted from the total take of the underlying 

groundwater source. It is noted that the reduced take in the final year of mining is due to active 

dewatering not being undertaken for the full year. 

From Table 43, the maximum predicted 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. 

• Lachlan Fold Belt Groundwater Source (Other) – 907 ML 

• Sydney Basin Groundwater Source – 194 ML 

• Lawsons Creek Water Source – 12.9 ML 

7.2 ONGOING WATER TAKE 

Post mining water take resulting from residual drawdown and ongoing evaporative losses from 

the final mine void have been partitioned to determine the water take (either direct or induced) 

from the relevant groundwater and surface water sources. Partitioned post-mining water takes 

are provided on Table 44. 
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Table 43 
  

Partitioned Water Take – During Mining 

Mine 

Year 

Total Annual 

Dewatering 

Volume 

(ML/year) 

Partitioned Water Take (ML/year) 

Lachlan Fold Belt 

Groundwater Source 

(Other) 

Sydney Basin 

Groundwater Source 

Lawsons Creek Water 

Source 

1     

2 566 496 70 0.7 

3 1012 883 127 1.1 

4 1066 907 157 1.9 

5 797 636 158 2.8 

6 710 579 128 3.8 

7 669 540 124 4.8 

8 830 661 162 5.9 

9 981 780 194 7.0 

10 825 645 171 8.1 

11 770 602 159 9.2 

12 743 569 164 10.2 

13 707 516 180 11.2 

14 686 504 170 12.1 

15 780 582 186 12.9 

16 469 338 119 11.3 

 

Maximum 907 194 12.9 

Average 616 151 6.9 

Note: Bold/red = maximum predicted take 

 

Table 44 
  

Partitioned Water Take – Post Mining 

Post Mine Year 

Total Water Take 

(residual inflow) 

(ML/year) 

Partitioned Water Take (ML/year) 

Lachlan Fold Belt 

Groundwater Source 

Sydney Basin 

Groundwater 

Source 

Lawsons Creek 

Water Source 

5 626 386 223 17 

10 554 330 206 18 

15 520 371 131 18 

45 240 108 116 16 

90 147 69 59 19 

200 133 59 52 22 

Note: Bold/red = maximum predicted take 
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The predicted ongoing equilibrium water take for the final void is approximately 133 ML/year, 

comprising 59 ML from the Lachlan Fold Belt Groundwater Source, 52 ML from the Sydney 

Basin Groundwater Source, and 22 ML from the Lawsons Creek Water Source. 

Takes from the Sydney Basin Groundwater Source and the Lawsons Creek Water Source are 

predicted to peak in the post mining period at 223 ML/year and 22 ML/year, respectively. 

However, as discussed in Section 5.3.5.7, baseflow reduction attributable to the Project is likely 

to be less than the 22 ML/year indicated above. It is recommended that only the predicted take 

during mining be covered by water access licences with the post mining residual takes to be 

confirmed during mining operation and ongoing validation of the groundwater model. 

7.3 HISTORICAL WATER MARKET 

A review of past water trading has been undertaken on the NSW Water Register (WaterNSW, 

2019) for the Lachlan Fold Belt Groundwater Source and the Sydney Basin Groundwater 

Source. Past trades for the Lachlan Fold Belt Groundwater Source are summarised on Table 45.  

Annual trades range from 136 to 395 ML, averaging approximately 266 ML/year. 

There have been no trades recorded within the Sydney Basin Groundwater Source or the 

Lawsons Creek Water Source in the 2014 to 2018 water years. 

7.4 2017 CONTROLLED ALLOCATION 

Bowdens Silver has acquired the right to apply for an aquifer access licence pursuant to the 

Controlled Allocation Order (Various Groundwater Sources) 2017, gazetted on 5 May 2017, and 

subsequently amended  on 1 June 2018 in respect of the Sydney Basin Groundwater Source of 

the NSW Murray Darling Basin Porous Rock Groundwater Sources, 2011 and the Lachlan Fold 

Belt Groundwater Source of the NSW Murray Darling Fractured Rock Groundwater Sources, 

2011. Bowdens Silver has secured groundwater allocations in both the 2018 and 2019 

registration of interest periods totalling 194 unit shares in the Sydney Basin MDB Groundwater 

Source and 907 unit shares in the Lachlan Fold Belt MDB Groundwater Source. Bowdens Silver 

has deferral contracts for the full volume of unit shares, allowing the deferral of payment of the 

total purchase price for these rights. Details of the registration are provided on Table 46. 

7.5 SUMMARY – REQUIRED VS SECURED WALS 

7.5.1 Mining 

From Table 46, the Project has secured the option to purchase WALs 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 is significantly 

greater than the predicted annual average take of 616 ML from the Lachlan Fold Belt 

Groundwater Source and 151 ML from the Sydney Basin Groundwater Source. 
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Table 45 
  

Water Trading Summary – Lachlan Fold Belt Groundwater Source (Aquifer) 

Assigned From - WAL Assigned To - WAL Date Volume (ML) Price paid ($/ML) 

2014/2015 

29265 35442 01-OCT-2014 6 50 

28668 31090 08-SEP-2014 130 100 

2015/2016 

28778 28773 31-MAR-2016 300 0 

36185 37388 27-JAN-2016 10 0 

29153 37285 14-JAN-2016 4 0 

31041 31090 18-DEC-2015 75 0 

29265 35442 04-NOV-2015 6 50 

2016/2017 

29265 35442 18-NOV-2016 6 50 

28506 37716 23-SEP-2016 20 0 

28691 30047 12-AUG-2016 150 0 

2017/2018 

29142 41159 29-JUN-2018 10 0 

37730 35442 16-JAN-2018 6 0 

29142 28565 03-JAN-2018 200 0 

36529 41205 12-SEP-2017 40 20 

29153 28752 21-AUG-2017 100 0 

 

Table 46 
  

Registration of Interest – 2017 Controlled Allocation 

Groundwater Source / Management Zone 

Registration of 

Interest Number 

Number of Unit 

Shares 

Total 

Sydney Basin MDB Groundwater Source ROI2-18-111 118 194 

ROI3-19-097 76 

Lachlan Fold Belt MDB Groundwater Source - 

(Other) Management Zone 

ROI2-18-112 885 907 

ROI3-19-096 22 

 

An entitlement of 13 ML (12.9 ML) from the Lawsons Creek Water Source would be secured on 

the open market or through upcoming Controlled Allocation Orders. It is noted that at time of 

writing Bowdens Silver were in the process of negotiating the acquisition of an allocation in the 

Lawsons Creek Water Source that would more than cover the predicted incidental take. 

It is recommended that groundwater modelling be revisited during the first two years of mining 

below the water table to validate or revise predicted inflows and water take as required. The 

results of this modelling can be used to confirm the required future entitlement. 
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7.5.2 Post Mining 

The secured options to purchase WALs as outlined in Table 46 are more than sufficient to 

account for predicted long-term water take from the Lachlan Fold Belt and Sydney Basin 

Groundwater Sources. 

An entitlement of 22 ML (or 9 ML in addition to the mining requirement) would be secured from 

the Lawsons Creek Water Source to account for the slightly increased post mining water take. 

A mentioned above, at time of writing Bowdens Silver were in a private negotiation for an 

allocation in the Lawsons Creek Water Source that would more than cover the predicted ongoing 

take in the post mining period. 
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8. M O NI TOR I N G  A N D  M A N AGEM E N T  

A dedicated Groundwater Management Plan detailing proposed groundwater monitoring and 

management during mine operations would be prepared prior to the commencement of mining. 

The following outlines the key monitoring and management components that would  be required. 

8.1 MINE DEWATERING VOLUMES 

Monitoring and reporting of mine dewatering volumes would include the following.  

• Mine Dewatering - accumulating flow meters at all dewatering points – weekly 

record 

• Emergency and / or temporary dewatering – minimum record of hours run vs pump 

capacity – daily record 

8.2 GROUNDWATER MONITORING NETWORK 

The groundwater monitoring network would comprise a combination of existing and proposed 

monitoring bores and vibrating wire piezometer installations to facilitate both operational, and 

environmental and compliance monitoring requirements. The existing groundwater monitoring 

network would be utilised for monitoring during mine operation and identification of potential 

impacts. Additional monitoring bores would be installed downgradient of the WRE and TSF to 

monitor for potential seepage migration. The monitoring bores would be installed downgradient 

of any seepage detection and interception measures (to be confirmed during detailed design), 

and between the WRE/TSF and sensitive receptors such as Hawkins and Lawsons Creeks and 

their associated alluvial aquifers. 

Operational groundwater monitoring would likely comprise both standpipe piezometers and 

vibrating wire piezometers to monitor dewatering effectiveness and open cut pit slope 

depressurisation. Individual monitoring sites would be installed on an as-required basis. 

It is proposed that the current monthly water levels and quarterly comprehensive water quality 

monitoring be continued. Selected monitoring bores would be equipped with water level data 

loggers for the collection of high frequency/continuous water level data. 

8.2.1 Ongoing Monitoring Post Mining 

The requirement for ongoing monitoring during the post mining and final rehabilitation phase will 

be determined at the mine closure planning stage and in consultation with the relevant 

authorities. Initial post mining monitoring will likely be a rationalised version of the operational 

monitoring network paired back to focussing on key areas such as the TSF and mine void. 

8.3 TRIGGER LEVELS AND THRESHOLDS 

Trigger levels and thresholds would be developed with regard to water level and water quality 

prior to the commencement of mining.  
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Groundwater level thresholds would be based on predicted water level decline and identification 

of potential impacts at sensitive groundwater receptors such as other groundwater users, and 

baseflow contributions to Hawkins and Lawsons Creeks. 

Groundwater quality guideline values or trigger values would be adopted or developed to identify 

potential deleterious impacts particularly arising from potential acid rock drainage, TSF seepage 

or salinification. Triggers for selected parameters would be developed in accordance with the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(http://www.waterquality.gov.au/anz-guidelines). 

8.4 TSF SEEPAGE MANAGEMENT 

A TSF Seepage Management Plan would be developed in tandem with the TSF detailed design 

prior to construction (ATC Williams, 2020a). 

Key components of the TSF seepage management measures are likely to include: 

• A low permeability geomembrane/clay zone and a low permeability (1 x 10-13 m/s) 

bituminous geomembrane (BGM) liner on the upstream face of the TSF 

embankment (ATC Williams, 2020a – Section 22.1). 

• Compacted clay liner and partial geosynthetic liner beneath the TSF decant pond 

area 

• A concrete plinth connected to a 40 m deep foundation curtain grouting beneath 

the upstream toe of the TSF embankment (ATC Williams, 2020a – Section 22.1). 

• Seepage interception measures involving seepage collection drains at the TSF 

embankment downstream toe, and ponds (ATC Williams, 2020a – Section 23.1). 

• Embankment pore pressure monitoring. 

• Groundwater monitoring bores down gradient and adjacent to the TSF. 

8.5 FINAL VOID MANAGEMENT 

Detailed management of the final mine void would be outlined in the Final Void Management 

Plan within the Mine Site closure plan to be developed prior to mine closure. Preliminary mine 

closure plans include allowance for diverting up-catchment surface water flows and run-off 

around the mine void. There is also potential for surface water to be utilised to accelerate the pit 

void recovery with diversion once water levels approach equilibrium. 

Ongoing validation of the groundwater model during mine operation, with recalibration to 

observed inflows, would allow a more detailed assessment of final void conditions to be 

undertaken, with the subsequent refinement of management measures as required. 

8.6 GROUNDWATER MODEL REVIEW 

It is recommended that the groundwater model be reviewed within the first two years of mining 

below the water table to validate and update predicted mine inflows and impacts as required. 

  

http://www.waterquality.gov.au/anz-guidelines
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