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Executive Summary 

Background 
Bellevue Gold, through its wholly owned subsidiary Golden Spur Resources, has a controlling interest in the 
historic Bellevue Gold Mine, located approximately 400km northwest of Kalgoorlie, between Leinster and Mt 
Keith in the Wiluna-Norseman gold belt. Mining at Bellevue began in 1897 and most recently ceased in 1997 
with all mined pits having been partially filled up with groundwater following cessation of mining.  

Bellevue Gold is seeking approval from the Department of Water and Environmental Regulation (DWER) for 
a 5C groundwater abstraction license for the purpose of dewatering the existing underground workings at the 
Bellevue Gold Mine to enable access and allow for the continuation of drilling to define the reserves and extend 
the resource. 

This report describes the results of a hydrogeological assessment of potential impacts to the local groundwater 
system as a result of re-dewatering the previously developed underground workings. Included in this report is 
a review of the regional groundwater hydrogeology along with an assessment of potential impacts in line with 
regulatory guidelines. 

Anticipated Dewatering Volumes 
Dewatering of the Bellevue underground will require lowering of the local water table within the workings by 
up to 400m to approximately 40mRL (as per historical mining activities). Based on current underground re-
entry planning this bulk of the dewatering is anticipated to be undertaken over a 4 to 6-month period.  

The estimated total volume being applied for is based on volumetric calculations of the existing underground 
drives and stopes (and have conservatively assumed that no collapse or backfill has occurred within mine 
voids) – up to 1 GL/a. Initial dewatering rates will be driven by the removal of stored groundwater from the 
underground workings; while later stage inflow rates will be limited to basement rock seepage contributions – 
which historically were only a few L/s (therefore ongoing dewatering rates will be much lower than 1 GL/a).  

Dewatering volumes are planned to be transferred and contained in the Westralia, Henderson and Vanguard 
Pits, respectively. The combined available storage of the three pits are sufficient to contain the anticipated 
dewatering volumes. 

Groundwater Monitoring Plan 
The following groundwater monitoring plan to ensure suitable data is available to verify that water management 
outcomes align with the key aspects described in this report.  The proposed monitoring plan includes: 

 Total dewatering volumes abstracted from the underground workings (and transferred to the identified 
pit storages) to be measured on a monthly basis; 

 Water quality from dewatering activities be measured at the transfer storage location discharge point for 
pH and Electrical Conductivity (on a monthly basis), and laboratory analysis on a quarterly basis; and 

 Groundwater levels in identified monitoring bores to be measured on a monthly basis – commencing 
prior to dewatering operations and continuing throughout dewatering operations. 

Conclusions 
The dewatering of the existing Bellevue underground workings must be completed to enable the continuation 
of the resource drilling programme. The capacities of the existing pits (Henderson, Westralia and Vanguard) 
are sufficient for managing the underground dewatering volumes. Dewatering from the underground workings 
is of similar quality as the surrounding groundwater, and there is no concern of groundwater quality being 
negatively impacted, and local drawdown changes will also be monitored. Dewatering volumes will be 
contained within the existing pits and monitored for quality, level and volumes. 
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1 Introduction 

1.1 Background 
Bellevue Gold, through its wholly owned subsidiary Golden Spur Resources, has a controlling interest in the 
historic Bellevue Gold Mine, located approximately 400km northwest of Kalgoorlie, between Leinster and Mt 
Keith in the Wiluna-Norseman gold belt. Mining at Bellevue began in 1897 and most recently ceased in 1997 
with all mined pits having been partially filled up with groundwater following cessation of mining.  
 
The Bellevue Gold Project is located 400km north west of Kalgoorlie and 40km north of Leinster in Western 
Australia. Bellevue is in the Wiluna-Norseman gold belt and is 4km south west of Western Areas’ Cosmos 
Nickel mine. The current Bellevue Gold Mine workings consists of five (5) open pits and underground workings 
(Figure A). 
 

Bellevue Gold is seeking approval from the Department of Water and Environmental Regulation (DWER) for 
a 5C groundwater abstraction license for the purpose of dewatering the existing underground workings at the 
Bellevue Gold Mine to enable access and allow for the continuation of drilling to define the minable reserves 
and extend the known resource. 

1.2 Technical Objectives 
RPS were engaged by Bellevue Gold to support the water studies required to move the Project forward and 
enable timely approvals at the relevant stages.  For the purposes of enabling the processing of the 5C water 
abstraction licence, the assessment approach has been guided by Operational policy no. 5.12 – 

Hydrogeological Reporting Associated with a Groundwater Well Licence (2009). 

Over the past 12 months, RPS has been undertaking a desktop assessment of the hydrogeology of the 
Bellevue Project area, which has included: 

 A review of historical documents/data – which has included historical dewatering records for the open 
pits and underground workings; 

 A review of available public records for neighbouring sites and their water supply borefields;  

 Commencement of regular water quality sampling and analysis of accessible pit lakes; and 

 Site visit and ground-truthing to identify available monitoring bores and assess their potential integration 
into a groundwater monitoring network at the Project. 

 

Using the defined approach, and RPS’ knowledge of the Bellevue Gold Project and the regional groundwater 

context, this report provides a Hydrogeological Assessment to support the DWER licencing process. 
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2 Level of Hydrogeological Assessment 

2.1 Assessment Criteria 
Under clause 4(2), Schedule 1 of the Rights in Water and Irrigation Act 1914, the DoW may require applicants 
for the grant, amendment, transfer or agreement to transfer temporarily a licence under Section 5C of the Act, 
to undertake a hydrogeological assessment in support of their application (DoW 2009).   

Within the Operational policy no. 5.12 – Hydrogeological reporting associated with a groundwater well licence, 
there are three different levels of hydrogeological assessment: 

 H1 – Desktop hydrogeological assessment.   

 H2 – Basic hydrogeological assessment including installation and testing of investigation bores. 

 H3 – Detailed hydrogeological assessment including installation and testing of investigation bores, and 
a groundwater model.   

The main factors that will be considered in determining what level of hydrogeological assessment is required 
are:  

 Volume and pumping regime requested. 

 Level of use in groundwater management area (groundwater area or subarea). 

 Potential impacts upon other users. 

 Potential impacts upon groundwater-dependent ecosystems (GDEs). 

 Existing salinity of the groundwater resource.   

The level of assessment required is determined using Table 1, Decision table for hydrogeological assessments 
that is contained within the DoW Operational Policy No 5.12 publication.  This has been reproduced as Table 
2. Points are assigned for each column in the table (i.e. volume, allocation, potential impacts – users, GDEs 
and salinity), and added to arrive at a score. 

Table 1 Decision Table for Hydrogeological Assessments 

Volume 
Requested 
(KL/Year) 

Level of 
Allocation+ 

Potential for 
Unacceptable 
Impacts – Other 
Users 

Potential for 
Unacceptable 
Impacts – GDEs 

Existing Salinity* 

(Milligrams per Litre) 

<10,000  

(0 points) 

0 to <30% (C1) 

(0 points) 

Impacts unlikely  

(0 points) 

Impacts unlikely  

(0 points) 

Fresh: TDS < 500 mg/L 

(4 points) 

10,001 – 50,000 

(2 points) 

30 to <70% (C2) 

(1 point) 

Impacts possible  

(2 points) 

Impacts possible  

(2 points) 

Marginal: TDS 501–1,500mg/L 

(3 points) 

50,001 – 250,000 

(4 points) 

70 to <100% (C3) 

(3 points) 

Impacts likely  

(5 points) 

Impacts likely  

(5 points) 

Brackish: TDS 1,501–5,000mg/L 

(2 points) 

250,001 – 500,000 

(6 points) 

100% and over 
(C4) 

(5 points) 

  Saline: TDS 5,001–50,000mg/L 

(1 point) 

500,001 – 1000,000 

(8 points) 

   Hypersaline: TDS > 50,000 mg/L 

(0 points) 

1000,000–2,500,000 

(15 points) 

    



 

 
Page 8 12 December 2018 | H1 Hydrogeological Assessment | Bellevue Gold Project | EWP62519.004  

 
 

Report 

Volume 
Requested 
(KL/Year) 

Level of 
Allocation+ 

Potential for 
Unacceptable 
Impacts – Other 
Users 

Potential for 
Unacceptable 
Impacts – GDEs 

Existing Salinity* 

(Milligrams per Litre) 

>2,500,000  

(20 points) 

    

Points assigned = a Points assigned = 
b 

Points assigned = c Points assigned = 
d 

Points assigned = e 

 

The score (a+b+c+d+e) determines which level of assessment needs to be completed: 

0–7 points generally no assessment required, unless other knowledge of risks indicates that H1 level 
assessment (desktop hydrogeological assessment is warranted.) 

8–12 points H1 level of assessment (desktop hydrogeological assessment).  However, low volume 
applications with low risk may not warrant an assessment.   

12–18 points H2 level of assessment (basic hydrogeological assessment, including installation and testing 
of investigation bores).   

>19 points H3 level of assessment (detailed hydrogeological assessment, including installation and 
testing of investigation bores and a groundwater model). 

2.2 Scoring 
Based on the prevailing conditions at the Bellevue Gold Project, the water use expected during the anticipated 
dewatering program has been scored using the decision table for hydrogeological assessments.  Each of the 
aspects covered in the decision table are discussed in the sections below. 

2.2.1 Anticipated Water Volume 
The plan to dewater the Bellevue underground includes a calculation of the water balance for the transfer and 
disposal of stored groundwater and ongoing inflows (seepage) indicates that the licence volume would be up 
to a maximum of 1 GL/a in the first year, and significantly less in subsequent years. This initial volume is 
required to allow for the removal of water currently stored in the void space of existing underground workings.   
 
This volume scores eight points.   

2.2.2 Level of Allocation 
There is no present allocation status for groundwater resources at Bellevue. Therefore, this allocation scores 
no points.   

2.2.3 Potential for Unacceptable Impacts 
According to the DWER’s water register, there are no existing groundwater licenses within 1km of the mine 
site. The property to the north of the mine site, Cosmos is owned by Western Areas but is approximately 4km 
north of the Bellevue Gold site. Groundwater in the historic underground at Bellevue Gold has remained 
undisturbed since 1997 and is of similar groundwater quality as the surrounding regional groundwater (i.e. 
saline). 

For the purposes of this assessment, we have scored this as “impacts unlikely” (no points). 
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2.2.4 GDEs  
There are no known groundwater dependent ecosystems within the area.   

On that basis, we have scored this as “impacts unlikely” (no points). 

2.2.5 Existing Salinity 
Water from the underground dewatering is of the same water quality as the surrounding groundwater. Based 
on the highest number of bores with fresh water being analyzed, existing salinity is classed as Hypersaline 
(TDS < 50,000 mg/L) and scores no points.   

The results of the total point scoring are shown in Table 2 below.   
 

Table 2 Points Table for Hydrogeological Assessment 

Volume 
Requested 
( kL/year) 

Level of 
allocation+ 

Potential for 
Unacceptable 
Impacts–Other 
Users 

Potential for 
Unacceptable 
Impacts–GDEs 

Existing Salinity* 

(Milligrams per Litre) 

<10,000  

(0 points) 

0 to <30% (C1) 

(0 points) 

Impacts unlikely  

(0 points) 

Impacts unlikely  

(0 points) 

Fresh 

TDS < 500 mg/L 

(4 points) 

10,001–50,000 

(2 points) 

30 to <70% (C2) 

(1 point) 

Impacts possible  

(2 points) 

Impacts possible  

(2 points) 

Marginal 

TDS 501–1,500mg/L 

(3 points) 

50,001–250,000 

(4 points) 

70 to <100% (C3) 

(3 points) 

Impacts likely  

(5 points) 

Impacts likely  

(5 points) 

Brackish 

TDS 1,501–5,000mg/L 

(2 points) 

250,001–500,000 

(6 points) 

100% and over (C4) 

(5 points) 

  Saline 

TDS 5,001–50,000mg/L 

(1 point) 

500,001–1000,000 

(8 points) 

   Hypersaline  

TDS > 50,000 mg/L 

(0 points) 

1000,000–2,500,000 

(15 points) 

    

>2,500,000  

(20 points) 

    

Points assigned = a Points assigned = b Points assigned = c Points assigned = d Points assigned = e 

 

The calculated score of 9 points indicates that, if this were a new licence application, a H1 level of assessment 
would be required.   
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3 Existing Environment 

3.1 Regional Setting 
The project area is situated in the Northern Goldfields on Mining Leases M36-24 and M36-25. The project 
leases are situated on a gently undulating landscape which consists of minor ridges, with slopes generally less 
than 10 degrees, and colluvial flats 50–200 metres wide and 10–20 metres below the ridges. The lease area 
is described as drainage lines, with salt lake features to the south (Lake Miranda), undulating plains to the east 
and hills to the west. 

3.2 Site Location 
The Bellevue Gold Project is located 400km north west of Kalgoorlie and 40km north of Leinster in Western 
Australia. Bellevue is in the Wiluna-Norseman gold belt and is 4km south west of Western Areas, Cosmos 
Nickel mine. The current Bellevue Gold Mine workings consists of five (5) open pits with an underground 
portal at Paris Pit (Figure 1).  

3.3 Climate and Rainfall 
The Bellevue area experiences a semi-arid to arid climate, with hot, dry summers and cool, mild winters. The 
region is influenced by the consistent winter rainfall patterns that affect central Western Australia as well as 
the variable summer rainfall typical of the northern regions. Summer rainfall activity is dependent upon 
thunderstorm activity and rain bearing depressions formed in the wake of tropical cyclones. 

The closest operating weather station to the site that records rainfall is the Yakabindie (BoM site: 12088), 
approximately 6km to the north-west which has recorded climate data from 1931 to present. The closest 
weather station that records temperature data is the Leinster Airport (BoM site: 12314), this site is 27km to the 
south-east and has recorded temperature data from 1994. 

The mean annual rainfall for the site is 226 mm (1983–2017) with annual rainfall amounts varying significantly 
due to cyclonic activity. Average summer temperatures range between 35°C and 41°C during the day and 
between 18°C and 23°C during the night. Average winter temperatures range between 21°C and 26°C during 
the day and between 6°C and 8°C during the night. 

Figure 1 provides climate statistics for Bellevue. 
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Figure 1 Yakabindie and Leinster Climate Statistics 

3.4 Surface Water Features 
There are no wetlands or permanent surface water features on the site. All streams are ephemeral, driven by 
the erratic nature of rainfall. 

The existing open pits are aligned with the local topographical high of the greenstone belt, which also defines 
the top of the local surface water catchments in the area.   

Drainage near the Site is generally to the south towards Lake Miranda (salt lake with periodic inundation driven 
by seasonal rainfall events). East of the Site lies a braided streambed with four major tributaries that 
converge at a point about 2km east of the southernmost point of the Site. 

Large surface run-off occurs following thunderstorms or cyclonic activity, resulting in intermittent and short 
duration surface water flows in the local drainage lines. Run-off rates during these large rainfall events are 
generally high. 

3.5 Hydrogeology 

3.5.1 Regional Hydrogeology 

The Northern Goldfields area is underlain by weathered and fractured Archaean bedrock, which forms the 
northern portion of the Yilgarn Goldfields fractured-rock groundwater province. The bedrock is covered locally 
by palaeochannel deposits and by widespread alluvium, colluvium and lake deposits. Fractured rock aquifers 
are developed in greenstone rocks, such as mafic and ultramafic volcanic rocks, with minor groundwater 
supplies present within fractured granitoid rocks. 

Palaeochannels in the Northern Goldfields tend to be highly permeable and contains significant supplies of 
groundwater, which is fresh to brackish in the tributaries and saline to hypersaline in the main drainage 
channels. Although the palaeochannels can be the most productive and reliable aquifer in the Northern 
Goldfields, they have limited storage and long-term pumping will induce leakage from the overlying lithologies 
and surrounding weathered bedrock. Groundwater in the palaeochannels tends to be saline to hypersaline, so 
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its usefulness is usually restricted to mining activities, although the presence of pockets of fresh to brackish 
groundwater can provide potential for potable supplies and irrigation usage (Commander 1999). 

The units overlying the regional palaeochannels, can include alluvium and calcrete deposits. The alluvium 
aquifer has by low permeability in the Northern Goldfields due to its clayey nature, whereas the calcrete can 
often provide large local supplies of fresh to brackish groundwater from cavities (Commander 1999). 

Groundwater flows regionally within the major palaeodrainages. It moves under gravity from drainage divides 
towards the salt lakes, and then downstream in the palaeochannels. Hydraulic gradients along the 
palaeodrainages are generally very low, with steeper gradients occurring in the upper reaches of the 
catchments, and where the palaeochannel crosses greenstone ridges. The groundwater flow systems in the 
Northern Goldfields are maintained by rainfall recharge. Groundwater discharge occurs mainly by evaporation 
from playa lakes, and a relatively small amount by throughflow within the palaeochannels (Commander 1999). 

3.5.2 Local Hydrogeology of the Bellevue Pit and Underground 
The local mine area consists of basaltic hills ranging up to 30 metres above the surrounding colluvial plains 
and salt lakes and characteristically extensively covered by blocky scree. Alluvial cover is generally thin, and 
outcrops of basement rocks are common on most hills in the area. 

The known palaeochannel aquifer systems are to the south and east of the Project area.  The main aquifer of 
relevance to mining and dewatering is the fractured-rock aquifer, which is comprised of greenstones, granitoids 
and minor intrusive rocks. The greenstone belt in the project area is aligned in a north to south orientation, 
with the associated faults and fracture sets also aligned in this direction.  The fractured rock aquifer is 
characterised the extents and degree of fracturing and the interconnectedness of such fractures along strike.  
Typically, such fractured rock aquifers are quite localised and low in groundwater storage.  This preferred 
orientation for faulting also gives an asymmetry to the preferential flow paths for groundwater, with drawdown 
propagation expected to extend further along strike (north-south), while being more limited across strike (east-
west). 

The pre-mining groundwater levels at Bellevue range between 15 to 30 metres below ground level (mbgl), 
depending on topography, equivalent to about ~460 metres above height datum (m AHD). The levels indicate 
a relatively flat groundwater gradient regionally towards the south, which is consistent with the regional 
groundwater flow direction following the major palaeodrainages. 

3.6 Local Groundwater Quality 
Since the cessation of mining activities at the Bellevue Gold Project, the neighbouring Cosmos Nickel operation 
has been utilising a number of the pit voids for storage of surplus discharge from their site.  This is important 
context to appreciate when interpreting the water quality results from the various pit lakes.  It is understood 
that surplus volumes from Cosmos were discharged into Vanguard, Henderson, Westralia, Paris and Prospero 
pits (hence the elevated salinities in these locations); while the Bellevue pit is understood to have avoided 
direct discharge.  On this basis, it is currently assumed that the water chemistry in the Bellevue Pit is the likely 
the most representative of the local resident groundwater chemistry. 

Limited historical water quality data has been sourced from the Bellevue Pit in recent sampling events in 
November 2016, April 2018 and September 2018. Water samples were collected at least annually for all other 
open pits on site; Henderson Pit, Paris Pit, Vanguard Pit and Westralia Pit during scheduled sampling runs. 

The most recent samples were found to be saline to mostly hypersaline, salinity levels in Bellevue Pit were 
17,900 mg/L Total Dissolved Solids (TDS) and Paris pit was 90,400 mg/L TDS. The full water quality results 
are tabulated in Appendix A. 

The water quality results indicate that the water samples from most pits are of an overall poorer quality than 
the surrounding regional groundwater (and Bellevue Pit itself). The sampling round in April 2018 (most recent), 
indicated very similar results to November 2016 and September 2017 with high levels of salinity, sulfate, 
calcium, cadmium, copper and selenium recorded in the various pits where historical discharge from the 
neighbouring Cosmos Nickel operation was stored.  

 



 

 
EWP62519.004 | Bellevue Gold Project | H1 Hydrogeological Assessment | 12 December 2018 
 

Page 13 

 

Report 

3.7 Existing Groundwater Use 
According to the DWER Water Register, there are no identified bores within a 1km radius of the site. In fact, 
the closest licenced abstraction bore/borefield to the site is located approximately 4km east north east from 
the Bellevue Pit, attributed to Australasian Nickel Investments (ANI), and assumed to be the palaeochannel 
tributary borefield associated with the Cosmos mine.   
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4 Assessment of Potential Impacts 

4.1 Historical Dewatering & Groundwater Recovery 
During previous mining operations at Bellevue, dewatering of the underground and the open cut operations 
was undertaken. Historical mining records describe that relatively low ongoing dewatering inflows (<5L/s) were 
documented as being encountered. These inflows come primarily from fractures and jointing within a generally 
low permeability basement unit.  These volumes were easily managed via traditional sump and transfer 
pipeline infrastructure. 

Since the cessation of mining operations and the associated dewatering in 1997, groundwater levels in the 
underground have slowly recovered and equilibrated back toward pre-mining levels. It should be noted that 
the groundwater levels (and quality) in many of the open cuts have been influenced by the dewatering 
discharges from the nearby Cosmos Mine (with higher salinities), along with having experienced evaporation 
losses in open cut pit lakes. 

4.2 Anticipated Dewatering Volumes 
Dewatering of the Bellevue underground will require lowering of the local water table within the workings to 
approximately 40mRL (as per historical mining activities). Based on current underground re-entry planning this 
bulk of the dewatering is anticipated to be undertaken over a 4 to 6-month period.  

The estimated total volume being applied for is based on volumetric calculations of the existing underground 
drives and stopes totalling ~700,000m3 (and have conservatively assumed that no collapse or backfill has 
occurred within mine voids). Initial dewatering rates will be driven by the removal of stored groundwater from 
the underground workings; while later stage inflow rates will be limited to basement rock seepage contributions 
– which historically were only a few L/s.  

Dewatering volumes are planned to be transferred and contained in the Westralia, Henderson and Vanguard 
Pits, respectively. The combined available storage of the three pits are sufficient to contain the anticipated 
dewatering volumes. 

4.3 Anticipated Drawdown Zone of Influence 
Given that the Bellevue underground workings have been dewatered as recently as twenty years ago without 
negative impacts upon GDE’s or other groundwater users in the area, it is not anticipated that drawdown 
associated with re-dewatering of the existing workings will either. 

Conceptually, with mineralised zones and the fractured rock aquifer associated with the Greenstone belt and 
in relative terms – the preferential flow and drawdown along strike versus across strike – we would expect to 
see a drawdown zone of influence extending further north-south, and being more constrained in the east-west 
orientation.  

Given that our dewatering volume estimate is based upon the void volume of the historical workings, and 
documented long-term inflow rates (<5L/s), we have not directedly applied a typical analytical solution to the 
dewatering estimate.  The approach we have taken is to calculate the radius of influence (R0) in basement 
rock permeabilities typical of this setting, and used the historical long-term inflow rate as a “calibration point” 

to assist in validating the calculated R0.    

As part of the analytical calculations and conceptual validation, the following assumptions were made: 

 Steady state inflow conditions; 

 Reduction in water level of 400m; 

 Known historical inflows of <5L/s; and 

 Permeability anisotropy between along-strike (preferred) and across-strike (constrained). 
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Using these assumptions (and conceptual framework) within a simple mine inflows calculation, it was possible 
to estimate/back-calibrate the potential R0 (radius of influence) – both along strike, and across strike.  With this 
approach in mind, we find: 

 along strike permeabilities in the order of 0.001m/d, with associated drawdown extending 2 to 3 km; and 

 across strike permeabilities in the order of 0.0001m/d, with associated drawdown extending <1 km. 

This is the extent of any measurable drawdown influence, and it should be noted that significant drawdown 
influences (on the scale of several metres) will be much more constrained and localised to the vicinity of the 
dewatering operations. 

4.4 Store Dewatering in Neighbouring Pits 
The proposed management approach for the dewatering volumes is to transfer them to available pit void 
storages to the north and east of the dewatering operations – namely Henderson, Westralia and Vanguard 
Pits.   

Using a recent LIDAR dataset from site, the available storage volumes (above current pit lake levels) in each 
pit were calculated and confirmed that a suitable level of storage was available to store the dewatering volumes 
from the Bellevue underground workings.  In-built into this assessment is an allowance to maintain a suitable 
freeboard that can accommodate a major (1:100-year ARI) rainfall event without overtopping. 

Also, given the low historical dewatering rates in these pits (and associated low permeability basement rocks), 
it is not expected that there would be material infiltration of stored water into the surrounding basement units, 
and only very localised mounding influences.  The saline groundwater from the Bellevue underground workings 
is expected to mix with the saline to hypersaline groundwater currently stored in these pits from Cosmos 
discharge operations – with an overall slight improvement in saline water quality compared to current 
concentrations in these pit lakes. 

4.5 Impacts to Groundwater Dependant Ecosystems 
There are no identified Groundwater Dependent Ecosystems (GDEs) on or near the site that could be impacted 
by the proposed dewatering operations.  

4.6 Impacts on Other Groundwater Bore Users 
There are no nearby groundwater bore users, as the closest water bore is approximately 4km from the site 
and across strike in geological terms - therefore well outside the estimated radius of influence of the proposed 
dewatering operations. 

4.7 Groundwater Quality 
All measured water quality samples from the pit lakes shows water ranging from saline to hypersaline – with 
the upper end values attributed to discharge water from the Cosmos Nickel operations.  It is anticipated that 
as dewatering volumes are transferred to the pits for storage, that the overall salinity concentrations will be 
lowered (but will still be in the saline to hypersaline range). 

It is expected in the longer term that the Bellevue Gold Project will utilise this stored water for mining and 
processing purposes as it moves into a future operational state. 
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5 Groundwater Monitoring Plan 

Based on the hydrogeological context described in this report, and the proposed water management approach 
in terms of dewatering and transfer to water storage, RPS proposes the following groundwater monitoring plan 
to ensure suitable data is available to verify that water management outcomes align with the key aspects 
described in this report. 

5.1 Dewatering Volumes 
It is proposed that the total dewatering volumes abstracted from the underground workings (and transferred to 
the identified pit storages) be measured/recorded in kL on a monthly basis throughout the duration of 
dewatering activities. 

5.2 Groundwater Quality 
It is proposed that the dewatering be sampled at the transfer storage location (i.e. receiving pit void discharge 
point) for the following: 

 pH and Electrical Conductivity (EC) on a monthly basis; and 

 laboratory analysis (pH, salinity, EC, Major Ions Suite) on a quarterly basis. 

5.3 Groundwater Levels 
It is proposed that groundwater levels (recorded in mbgl) in proximity to the planned dewatering operations be 
undertaken on a monthly basis – with first water levels measured prior to dewatering operations commencing 
and continue monitoring at monthly intervals for the duration of dewatering operations (and subsequent 
recovery phase).  Both Figure B and Table 3 identifies the proposed monitoring bore network to enable 
monitoring of the drawdown propagation from dewatering of the Bellevue underground workings. 

Table 3 Bellevue U/G Monitoring Network Targets 

Target ID Easting (mE)  Northing (mN) Depth (mbgl) Comment 

BVM 1-1 258,838 6,940,879 150 Drawdown monitoring network 

BVM 1-2 259,209 6,940,608 150 Drawdown monitoring network 

BVM 1-3 259,033 6,940,012 150 Drawdown monitoring network 

BVM 1-4 258,907 6,940,532 150 Drawdown monitoring network 

BVM 1-5 258,732 6,940,504 150 Drawdown monitoring network 

BVM 1-6 258,768 6,939,255 150 Drawdown monitoring network 
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Appendix A: Water Quality Results 2016 - 2018 

Analyte Units Guideline Value Bellevue Pit Henderson North Pit 

                                        

Prospero Boxcut    Paris Pit                               Vanguard Pit 

                          

Westralia Pit 

Sample Date 17/11/2016 19/04/2018 

 

17/11/2016 26/09/2017 19/04/2018

 

17/11/2016 26/09/2017

17/11/2016 26/09/2017 19/04/2018

17/11/2016 26/09/2017 19/04/2018

 

17/11/2016 26/09/2017 19/04/2018 

 

pH Value pH Unit - 7.77 7.84 7.73 7.65 7.12 7.25 7.81 6.76 5.1 7.29 7.62 7.38 7.15 7.11 6.5 3.5 
Electrical Conductivity @ 25°C µS/cm - 50800 27600 209000 139000 101000 192000 114000 139000 45100 127000 221000 209000 239000 223000 113000 140000 
Total Dissolved Solids (Calc.) mg/L 4,000* 33000 17900 136000 90400 65600 125000 74100 90400 29300 82600 144000 136000 155000 145000 73400 91000 
Suspended Solids (SS) mg/L - 13 171 48 16 327 16 26 32 10 222 30 148 2060 57 40 214 
Hydroxide Alkalinity as CaCO3 mg/L - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Carbonate Alkalinity as CaCO3 mg/L - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Bicarbonate Alkalinity as CaCO3 mg/L - 109 96 68 88 39 33 139 117 <1 78 79 87 82 38 8 <1 
Total Alkalinity as CaCO3 mg/L - 109 96 68 88 39 33 139 117 <1 78 79 87 82 38 8 <1 
Sulfate as SO42- Turbidimetric mg/L 1,000 4250 3850 11700 8300 5210 9200 5260 10500 4880 8850 13700 15000 16100 11500 8080 5620 
Chloride mg/L - 14900 8040 96400 71200 39800 81800 55300 53700 16400 50200 107000 147000 128000 115000 51300 56900 
Calcium mg/L 1,000 1540 1030 969 1570 735 1500 2380 1450 1060 1400 860 673 987 958 1370 1510 
Magnesium mg/L - 1820 935 4460 2800 1830 2100 2330 3130 824 2980 5200 5470 5830 6380 2030 2720 
Sodium mg/L - 9870 5330 68000 41800 25900 55800 30400 40200 8490 32000 80200 80100 82600 87400 29500 36400 
Potassium mg/L - 236 168 3190 1910 1540 2620 1100 1790 391 1810 3650 3850 4660 4000 1160 2160 
Aluminium mg/L 5 <0.05 3.01 <0.10 <0.10 6.25 9.74 <0.10 0.27 2.54 2.96 15.2 0.11 17 <0.10 0.11 11.3 
Germanium mg/L - <0.005 <0.005 <0.010 <0.010 0.002 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Antimony mg/L - <0.005 <0.005 <0.010 <0.010 0.003 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Niobium mg/L - <0.005 0.006 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 0.028 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Arsenic mg/L 0.5-5.0¹ <0.005 0.012 0.087 0.041 0.027 0.059 0.04 <0.010 <0.005 <0.026 0.069 0.052 0.078 0.031 0.012 0.124 
Palladium mg/L - <0.005 <0.005 <0.010 <0.010 0.005 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Beryllium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Platinum mg/L - <0.005 0.007 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Barium mg/L - 0.077 0.072 0.23 0.191 0.187 0.32 0.25 0.112 0.059 0.106 0.171 0.135 0.226 0.154 0.122 0.125 
Rhenium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Bismuth mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Cadmium mg/L 0.01 0.0043 0.0012 0.0238 0.0421 0.0108 0.0248 0.0433 0.0028 0.0102 0.0102 0.011 0.0087 0.0088 0.0595 0.0548 0.0382 
Cerium mg/L - <0.005 <0.005 <0.010 <0.010 0.011 <0.010 <0.010 <0.010 0.094 <0.026 <0.010 <0.010 0.03 <0.010 0.046 0.093 
Caesium mg/L - <0.005 <0.005 0.121 0.048 0.032 0.436 0.108 0.032 0.005 <0.026 0.129 0.093 0.076 0.108 0.028 0.037 
Chromium mg/L 1 <0.005 0.013 <0.010 <0.010 0.038 0.07 <0.010 <0.010 <0.005 <0.026 0.095 <0.010 0.034 <0.010 <0.010 0.028 
Cobalt mg/L 1 0.008 0.01 0.013 0.011 0.034 <0.010 <0.010 0.071 0.446 0.252 0.011 <0.010 0.029 <0.010 0.151 0.258 
Copper mg/L 1* 0.035 0.062 0.015 0.025 0.107 0.016 0.017 0.27 6.88 0.596 <0.010 <0.010 0.076 0.041 0.756 3.27 
Dysprosium mg/L - <0.005 <0.005 <0.010 <0.010 0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Erbium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Europium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Gadolinium mg/L - <0.005 <0.005 <0.010 <0.010 0.002 <0.010 <0.010 <0.010 0.006 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Gallium mg/L - <0.005 <0.005 <0.010 <0.010 0.002 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Hafnium mg/L - <0.05 <0.05 <0.10 <0.10 <0.01 <0.10 <0.10 <0.10 <0.05 <0.26 <0.10 <0.10 <0.26 <0.10 <0.10 <0.26 
Holmium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Indium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Lanthanum mg/L - <0.005 <0.005 <0.010 <0.010 0.006 <0.010 <0.010 <0.010 0.049 <0.026 <0.010 <0.010 <0.026 <0.010 0.03 0.034 
Lead mg/L 0.1 <0.005 <0.005 <0.010 <0.010 0.002 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 0.064 
Lithium mg/L - 0.05 0.028 0.177 0.138 0.054 0.235 0.145 0.098 0.1 0.119 0.225 0.183 0.207 0.273 0.18 0.179 
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Analyte Units Guideline Value Bellevue Pit Henderson North Pit 

                                        

Prospero Boxcut    Paris Pit                               Vanguard Pit 

                          

Westralia Pit 

Lutetium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Manganese mg/L Not sufficiently toxic 0.624 0.285 0.64 0.563 0.481 0.16 0.108 12.7 3.76 9.58 0.96 0.726 1.76 0.294 1.31 2.08 
Molybdenum mg/L 0.15 <0.005 <0.005 0.02 <0.010 0.01 0.034 <0.010 <0.010 <0.005 <0.026 0.023 0.018 <0.026 <0.010 <0.010 <0.026 
Neodymium mg/L - <0.005 0.006 <0.010 <0.010 0.007 <0.010 <0.010 <0.010 0.047 <0.026 <0.010 <0.010 <0.026 <0.010 0.034 0.063 
Nickel mg/L 1 0.01 <0.005 0.375 0.253 0.168 0.446 0.086 0.052 0.634 0.122 0.977 0.369 0.198 0.241 0.454 0.259 
Praseodymium mg/L - <0.005 <0.005 <0.010 <0.010 0.002 <0.010 <0.010 <0.010 0.011 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Rubidium mg/L - 0.013 0.014 0.633 0.277 0.191 1.52 0.414 0.24 0.053 0.149 0.644 0.502 0.516 0.581 0.119 0.205 
Samarium mg/L - <0.005 <0.005 <0.010 <0.010 0.001 <0.010 <0.010 <0.010 0.01 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Selenium mg/L 0.02 <0.05 <0.05 <0.10 <0.10 <0.01 <0.10 <0.10 <0.10 <0.05 <0.26 <0.10 <0.10 <0.26 <0.10 <0.10 <0.26 
Silver mg/L - 0.014 <0.005 0.016 0.026 0.005 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 0.013 <0.026 
Strontium mg/L - 8.44 4.31 25.7 16.2 7.91 25.8 21.2 14.8 7.2 13.6 28.1 22 24.5 35.9 14.9 17 
Tellurium mg/L - <0.026 <0.026 <0.052 <0.052 <0.005 <0.052 <0.052 <0.052 <0.026 <0.131 <0.052 <0.052 <0.131 <0.052 <0.052 <0.131 
Terbium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Thallium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Thorium mg/L - <0.005 <0.005 <0.010 0.015 0.001 <0.010 0.015 <0.010 0.008 <0.026 <0.010 0.016 <0.026 <0.010 0.016 <0.026 
Thulium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Tin mg/L - <0.005 <0.005 <0.010 <0.010 0.004 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Titanium mg/L - <0.05 0.08 <0.10 <0.10 0.21 <0.10 <0.10 <0.10 <0.05 <0.26 <0.10 <0.10 0.35 <0.10 <0.10 <0.26 
Uranium mg/L 0.2 <0.005 <0.005 <0.010 <0.010 0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Vanadium mg/L - <0.05 <0.05 <0.10 <0.10 0.06 <0.10 <0.10 <0.10 <0.05 <0.26 <0.10 <0.10 <0.26 <0.10 <0.10 <0.26 
Ytterbium mg/L - <0.005 <0.005 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Yttrium mg/L - <0.005 <0.005 <0.010 <0.010 0.006 <0.010 <0.010 <0.010 0.028 <0.026 <0.010 <0.010 <0.026 <0.010 0.012 <0.026 
Zinc mg/L 20 0.036 0.357 <0.052 <0.052 0.173 1.46 <0.052 <0.052 0.431 <0.131 0.311 <0.052 0.959 0.473 0.318 0.669 
Zirconium mg/L - <0.026 <0.026 <0.052 <0.052 <0.005 <0.052 <0.052 <0.052 <0.026 <0.131 <0.052 <0.052 <0.131 <0.052 <0.052 <0.131 
Boron mg/L 5 2.35 1.86 3.04 1.62 0.69 1.28 1.72 2.56 1.4 3.09 3.94 3.02 3.87 3.72 1.78 2.37 
Iron mg/L Not sufficiently toxic 1.11 4.51 0.12 <0.10 12.2 0.41 0.3 38 0.45 5.43 0.59 0.33 26.8 0.15 0.3 28.5 
Bromine mg/L - 21.1 11.6 99.7 56.2 28.6 82.7 43.7 68.8 17.1 76 108 94.8 131 119 39.4 75.1 
Gold mg/L - <0.005 0.006 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Iodine mg/L - 9 0.5 7.2 1.7 0.3 3.7 3.8 15.5 0.7 <2.6 4.8 2.2 <2.6 3.7 <1.0 <2.6 
Tungsten mg/L - <0.005 <0.005 <0.010 <0.010 0.003 <0.010 <0.010 <0.010 <0.005 <0.026 <0.010 <0.010 <0.026 <0.010 <0.010 <0.026 
Tantalum mg/L - 0.01 <0.005 0.016 <0.010 <0.001 0.012 <0.010 0.014 <0.005 <0.026 0.014 <0.010 <0.026 0.014 <0.010 <0.026 
Mercury mg/L 0.002 0.0106 0.0026 <0.0001 0.0005 <0.0001 <0.0001 <0.0005 <0.0001 0.0005 0.0003 <0.0001 <0.0010 <0.0001 <0.0001 0.0005 0.0004 
Free Cyanide mg/L - <0.004 <0.004 <0.004 <0.040 <0.040 <0.004 <0.040 <0.004 <0.040 <0.040 <0.004 <0.040 <0.040 <0.004 <0.040 <0.040 
Total Cyanide mg/L - <0.004 <0.004 <0.004 <0.040 <0.040 <0.004 <0.040 0.006 <0.040 <0.040 <0.004 <0.040 <0.040 <0.004 <0.040 <0.040 
Weak Acid Dissociable Cyanide mg/L - <0.004 <0.004 <0.004 <0.040 <0.040 <0.004 <0.040 <0.004 <0.040 <0.040 <0.004 <0.040 <0.040 <0.004 <0.040 <0.040 
Total Anions meq/L - 511 309 2960 2180 1230 2500 1670 1740 564 1600 3300 4460 3950 3480 1620 1720 
Total Cations meq/L - 662 364 3450 2180 1350 2740 1660 2120 500 1750 4050 4070 4240 4480 1550 1940 
Ionic Balance % - 12.9 8.26 7.64 0.16 4.69 4.62 0.34 10.1 6.03 4.51 10.2 4.62 3.58 12.5 2.12 5.89 

NS is Not Sampled 
*Guideline is based on safe drinking for cattle 
- indicates where no set guideline value available 
¹ May be tolerated if not provided as a food additive and natural levels in the diet are low 
Shaded values indicate where the ANZECC (2000) Livestock Drinking Water Guideline Values have been exceeded 
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