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1. INTRODUCTION 
Cobar Management Pty Ltd (CMPL) operates the Cornish, Scottish and Australian (CSA) Mine located 

11 km north of Cobar in western NSW. Mining has occurred intermittently on the CSA leases since the 

discovery of copper (Cu), lead and zinc in 1871. Small-scale operations continued intermittently. 

However, it was not until 1961 that a significant resource was proven by Broken Hill South Pty Ltd. 

Medium-scale mechanised underground mining subsequently commenced in 1965. The mine was 

acquired by Conzinc Riotinto Australia (CRA) in 1980 and sold to Golden Shamrock Mines Pty Ltd (GSM) 

in 1993. GSM was in turn acquired by Ashanti Gold Fields in the same year. The mine continued to 

operate until 1997, when the operation ran into financial difficulties and was placed in receivership. 

The mine was placed on care and maintenance on the 20th January 1998.  

Conditions for reopening the mine were negotiated, and concessions were obtained from the 

government, including the excision of three areas of concern from the lease: the North Tailings Storage 

Facility (NTSF); the subsidence hole and adjacent old spoil material; and, a major coarse rejects 

stockpile (Big Mt Brown). CMPL committed to reopening the CSA Mine in February 1999 with current 

underground and processing operations commencing in July 1999 following the purchase of the leases 

and site facilities.  

CMPL, a wholly owned Australian subsidiary of Glencore, continues to operate the CSA Mine, which is 

currently the highest-grade copper mine, and one of the deepest operating mines in Australia.  

1.1. Consents, Leases and Licenses 
CMPL has a large number of statutory approvals and associated legal obligations that regulate mining 

activities on site. The status of CSA Mine’s main statutory approvals are listed in Tables 1, 2 and 3. 

CMPL holds Consolidated Mining Lease 5 (CML5) for the CSA Mine operations and two small mining 

purposes leases 1093 and 1094 (MPL1093 and MPL1094). CML5 occupies portions of five Western 

Land Leases and Crown Land including parts of the Cobar Regeneration Belt. MPL1093 and MPL1094 

occupy Crown Land. These details are shown in Figure 1. Throughout this document, these leases are 

collectively referred to as the CSA Mine.  

The CSA Mine operates under Environmental Protection Licence (EPL) 1864; this document is attached 

in Appendix 6. During the period of 1 January 2020 to the 31 December 2020, the CSA Mine operated 

in accordance with the CSA Mine 2018 – 2020 Mining Operations Plan (MOP) and CMPL‘s internal 

Environment and Community Policy attached in Appendices  7 and 8 respectively.  
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Table 1 - Mining Leases (as of 31/12/2020). 

Lease 
Number Details Issue Date Expiry Date 

CML5 
The CSA Mine site. Licensed for Group 1 minerals (Sb, 

Cu, Zn, Pb, Fe, In, Au, Ge, Co, Cd, Bi & Fe minerals). 
2/12/1993 24/06/2028 

EL5693 
Exploration lease for Group 1 minerals – 111 units 

around CML5 and surface exclusions of CML5 
08/02/2000 07/02/2021 

MPL1093 
Mining Purposes Lease for Water Harvesting. Not 

licensed for minerals. 
5/2/1947 05/02/2029 

MPL1094 
Mining Purposes Lease for Water Harvesting. Not 

licensed for minerals. 
5/2/1947 05/02/2029 

 

 

Table 2 - Land Tenure (as of 31/12/2020). 

Property 
Name 

Locality WLL County Parish Plan 
Number 

Lot 
Number 

Red Tank The CSA Mine 9565 Robinson Kaloogleguy 766965 4277 
Red Tank East of Mine 731 Robinson Kaloogleguy 766922 6336 

Red Tank 
Immediately south 

of Mine 
13844 Robinson Kaloogleguy 1105750 1 

Red Tank 
South and east of 

tailings facility 
3667 Robinson Mopone 1186316 1 

Ascot Southwest of Mine 13844 Robinson Kaloogleguy 1105750 2 
Council 

around tip 
Southwest of Mine - Robinson Kaloogleguy 870022 22 

Mopone 
Northeast of 

tailings facility 
1009 Robinson Mullimutt 768325 5414 

Crown Land 
MPL1093 

NNW of Mine 9565 Robinson Kaloogleguy 766965 7302 

Crown Land 
MPL1094 

NW of Mine 9565 Robinson Kaloogleguy 766965 7301 

Red Tank 3km south of Mine - Robinson Kaloogleguy 870022 23 
Kaloogley 

Regeneration 
Reserve 

3km south of Mine - Robinson Kaloogleguy 1170625 7317 

Kaloogley 
Regeneration 

Reserve 
3km SSE of mine - Robinson Kaloogleguy 1117798 7003 

Kaloogley 
Regeneration 

Reserve 

4.3km South of 
Mine 

- Robinson Kaloogleguy 1170625 7316 
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Figure 1 - Indicative mine footprint (as of 31/12/2020). 
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Table 3 - Licenses and Permits (as of 31/12/2020). 

Licence Details 
Expiry/Renewal 

Date 
EPL No. 1864 Environmental Protection License 30-Jun-22 

Mining Operations 
Plan 

Cobar Management Pty Ltd, the CSA Mine, Mining Operations 
Plan 

31-Dec-22 

WorkCover Licence 
XSTR100157 

WorkCover NSW Licence to store Class 1.1D, 1.1B and 5.1 
explosives 8-Apr-23 

Radiation Licence 
No. 5061153 

Licence to sell/possess radiation apparatus and/or radioactive 
substances or items containing radioactive substances  RR761, 

RR1384, RR911, RR907, RR21459, RR12793, RR12484, 
RR8858, RR8859 

20-Oct-21 

Refrigerant Trading 
Authorisation 

Certificate 

Refrigerant trading authorisation under the Ozone Protection 
and Synethic Greenhouse Gas Management Regulations 1995 

28-Nov-21 

Water Access 
Licenses 

WAL36335 and WAL36336 of the Macquarie and Cudgegong 
Regulated Rivers Water Source Sharing Plan & WAL28539 and 
WAL28887 of the Lachlan Fold Belt MDB Groundwater Source 

Sharing Plan 

Perpetuity 

Water Supply Works 
85WA753710 

Water Supply Works for Production Bores WB1 and WB2 of 
the Lachlan Fold Belt Groundwater Source 26-Jun-26 

Local Development 
Consent No. 31/95 

Cobar Shire Council (CSC) Permit for use of the CSA Mine site 
by CMPL 

Granted 26 June 
1998 

Local Development 
Consent No. 

2006/LDA-00009 

CSC Permit for Construction and Operation of South Tailing 
Dam Extension 

Granted 22 June 
2006 

Local Development 
Consent No. 

2009/LDA-00035 
CSC Permit for South Tailings Storage facility Wall Raise 

Granted 7 April 
2010 

Local Development 
Consent No. 

2013/LDA-00037 
CSC Permit for South Tailings Storage facility Upgrade Granted 26 

September 2013 

Local Development 
Consent No. 

2014/LD-00015 
CSC Permit for South Tailings Storage facility Wall Raise 

Granted 24 
September 2014 

Local Development 
Consent No. 

2015/LD-00007 
CSC Approval for Installation of Steel Surface Fan Granted 15 May 

2015 

Local Development 
Consent No. 

2019/LD-00006 
CSC Approval for Stage 9 wall raise Tailings Storage Facility Granted 14 May 

2019 

2019/LD-00037 3 Mega litre Raw Water Tank including associated pipelines 
and pump 27 March 2025 
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2020/LD-00012 Installed Surface Vent Fans 12 Nov 2025 

2020/LD-00013 Installed Jameson Cell 12 Nov 2025 

2020/LD-00013 Installed Diesel Generator 12 Nov 2025 

2020/LD-00011 Installed Bulk Air Cooler at No. 1 Shaft 12 Nov 2025 

2020/LD-00048 Wastes Rocks Stockpile 10 Dec 2025 

 

 

1.2. Mine Contacts 
The management structure at the CSA Mine is displayed in the organisational chart in Figure 2. The 

CSA Mine management team and environmental contacts are listed in Table 4. 

 

 

Figure 2 - Organisational Chart of CSA Mine. 
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Table 4 - Management and Environmental Contacts. 

Title Name Phone Email 
General Manager Peter Christen 6836 5122 peter.christen@glencore.com.au 

Ore Processing Manager Jade Buckman 6836 5334 Jade.buckman@glencore.com.au 

Mine Production Manager Mattew Ireland 6836 5329 mattew.ireland@glencore.com.au 

Health Safety 

Environment & Training 

Manager 

Brendan Willard 6836 5302 Brendan.willard@glencore.com.au 

Environmental 

Superintendent 
Huw Rabone 6836 5384 huw.rabone@glencore.com.au 

The CSA Mine Pollution 

Complaints Line 

The CSA Mine 

Switchboard 
6836 5100  (via CSA Website Contact Form) 

 

 

1.3. Actions Required from the 2019 AEMR Review 
The only feedback we received from the Resources Regulator for the 2019 AEMR was to implement 

capping trials for the South Tailings Storage Facility (STSF) and include a conceptual cover design for 

the STSF and update the STSF Closure Plan. The STSF closure plan has been updated and the new 

conceptual cover design have been included. The capping trial is an ongoing project. Table 5 

constitutes an update of the proposed environmental activities for the 2020 year period. 
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Table 5 - Update on the proposed activities for the 2020 AEMR period. 

Activity 
Priority 
Ranking 

Completion 
Progress 

Update site Environmental Management Plan H Completed 

Update of site water balance including installation of new meters and 
investigation into ongoing water saving strategies 

H Completed 

Upgrade of Borrow Pit dam and site contaminated water management 
system 

H Completed 

Continue maintenance activities on rehabilitated land H Ongoing 

Implement a new rehabilitation trial on the STSF H Ongoing 

Annual asbestos monitoring and update of site management plan M Completed 

Implement joint rehabilitation efforts on site excised areas M Ongoing 

Continuation of environmental monitoring of surface water, 
groundwater, and air 

M Ongoing 

 

 
 

2. SUMMARY OF OPERATIONS DURING THE REPORTING PERIOD 

2.1. Exploration 
During the 2020 reporting period both surface Diamond (5,517m) and Reverse Circulation (1,935m) 

drilling programmes were undertaken across CML5. Surface exploration infill diamond drilling was 

completed at the QTS South prospect with a Non-Classified resource estimate of 209,285t @ 6.32% 

Cu, 25g/t Ag and 1.46% Zn for contained Cu metal tonnes of 13,217. RC drilling results included the 

identification of some weakly anomalous signatures for copper endowment. The surface exploration 

drilling location plan for 2020 is shown in Figure 3. In the 2021 reporting period, surface exploration 

will undertake a substantial surface Fixed-Loop Electromagnetic geophysical survey with subsequent 

drilling targeting identified anomalies.  Underground drilling at the CSA Mine continued with 118 holes 

drilled for a total of 27,146.8m. The majority of the holes (104) were resource definition at 23,949.6m 

(79.3%) drilled, with geotechnical/infrastructure holes (14) accounting for 3,197.2m (20.7%). The 

program was a continuation of 2019 drilling of QTS North and QTS Central. The underground drilling 

program will continue this year targeting the same lodes and the Western System. During the reporting 

period expenditure on combined exploration and underground drilling totalled $13,739,212. 
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Figure 3 - 2020 Surface exploration drill collar locations. 
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2.2. Land Preparation 
Land preparation during the reporting period proceeded in accordance with the CSA 2018 – 2020 MOP. 

During 2020, a minute amount of land preparation took place in those exploration areas specified in 

Section 2.1.  All land preparation occurred within the existing mining disturbance zone. In total, 

approximately 2ha were prepared to facilitate surface drilling. Clearing, when required, adhered to the 

CSA Site Disturbance Permit-Pre-Disturbance Baseline Study and Permit system. 

2.3. Construction 
Construction activities that took place at CSA Mine site for 2020 is summarised in Table 6 below. 

Table 6 - 2020 Construction projects summary. 

Infrastructure Instrument of Approval 

Additional Groundwater Bores and 

infrastructure 

Development Consent Pending; in discussion with 

Cobar Shire Council 

De-silting, reshaping and lining works of Site 

water dams 
Exempt development 

New water management system 

infrastructure – 1.5 ML Tanks 

Development consent pending, in discussion with 

Cobar Shire Council 

Mill Pollution Control Works Exempt development 

Paste Fill Plant Pollution Control Works Exempt development 

New Ventilation shaft Part of the ventilation project approval 

STSF Booster Hopper Pumping upgrade Exempt development 

Rehabilitation of Eastern wall of STSF Exempt development 

New Emulsion Yard 
Development consent application still under 

consideration 

 

 

2.4. Mining 
Table 7 summarises the CSA Mine’s production forecast for its official mine life. Annual production was 

below the target for 2020 achieving 46,223 t against a planned budget of 47,031 t. Copper metal 

production for 2021 is expected to be in excess of 46,904 t. Average forecast mine production for the 

next four years is planned 1.225 Mtpa of ore. 
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Table 7 - Production forecast (as of 31/12/2020). 

Year Ore (t ‘000) Grade (%) Cu Metal Recovered (t) 

2021 1,217 3.93% 46,904 

2022 1,225 4.03% 48,222 

2023 1,238 3.51% 42,569 

2024 1,218 3.90% 46,598 

2025 1,228 3.52% 42,480 

2026 1,223 3.30% 39,590 

2027 1,185 3.80% 44,122 

2028 1,217 3.05% 36,377 

2029 1,207 3.31% 39,317 

2030 584 3.13% 17,957 

 

2.4.1 Underground Resource Status 

The current mineral resource (as at 31 December 2020) is estimated at 11.7Mt, with 5.55% Cu between 

9010m relative level (RL) to 8100m RL. The 8100m RL is approximately 2,180m below the surface. 

There is potential for further resources to exist at depth and within this RL range. 

2.4.2 Estimated Mine Life 

The long term (LoM) plan is to mine at a rate of 1.2 million tonnes per annum.  The mining rate equates 

to approximately 45m vertical advance per year. 

Proved and probable ore reserves (as at 31 December 2020) are estimated at 7.7Mt at 3.84% Cu 

between 9,200 RL to 8,395 RL, which can sustain these extraction rates over the next 6 years. 

Additionally, there appears to be adequate resource below this depth in the QTS North and within the 

QTS Central and Western system to sustain the mining rate for an additional two years (up to 2028). 

Therefore, the minimum mine life at full production rates are approximately 8 years, which excludes a 

2-year tail end at reduced production rates. 
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2.4.3 Mining Equipment 
Table 8 - Mining equipment list (as of 31/12/2020). 

Equipment Quantity 

Sandvik Axera Jumbo 5 

Atlas Copco Simba L6C Production Drill Rig 3 

Atlas Copco MT5020 Dump Truck 2 

EPIROC MT5020 1 

Atlas Copco MT6020 Dump Trucks 8 

Caterpillar IT28G Tool Carrier 1 

930H Wheel Loader 2 

Caterpillar 12H Grader 2 

Dieci Telehandler  1 

Caterpillar Elphinstone R2900 Loader (LHD) 9 

Isuzu FTS 750 Water Truck 1 

Isuzu FTS 550 Explosives Truck 1 

Isuzu FSR 700 Stores Truck 1 

Isuzu NPS300 Service Truck 2 

Isuzu 1400 Water Truck 1 

Kubota R21 1 

Forklif ts 4 

Hino (Mines Rescue) 1 

Terex UC15 Franna Crane 1 

Normet Charmec 1 

Sandvick 7-5 Cabolter Drill 1 

Manitou MT1030S Telehandler 1 

Volvo LF90F IT Loader 2 

Volvo LF120F IT Loader 2 

Roboshot Maxijet Shotcreter 2 

Light Vehicles 42 
 

 2.4.4 Mining Method 

The mining method used at the CSA Mine for the majority of stoping remains as top down, continuous 

advance, long-hole open stoping. Most stopes to date have been filled with Cemented Hydraulic Fill 

(CHF) and the balance is filled with development waste, either as clean waste co-disposal with CHF or 

as CRF. CHF has been phased out and replaced with Cemented Paste Backfill (CPB) commissioned July 

2018 with full filter plant commissioning completed in November 2018. The majority of the QTS Nth 

stope sequences will be filled with CPB. Trials for the uses of the Modified AVOCA mining method have 
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been undertaken to further increase opportunities to maximise waste disposal and allow mining of 

marginal mining areas. Modified AVOCA mining method will be used in mining the QTS Central and 

Western Orebody. 

2.4.5 Mine Development 

During 2020, underground horizontal development advancement totalled 5,515m. The primary focus 

was advancing the decline towards the 8465 level; the main decline position at end of year was 40m 

ahead of original budget position. This advance was completed along with continuing the 8500 and 

8450 levels, production-related development in QTS North, and access development to establish 

mining in QTS Central and Western Zone, both commencing production in Q3 2020. 

Mining is almost complete above the 8700 level in the QTS North, except for some already developed 

remnant material between 8850 - 8950. QTS South mining is complete above the 9015 level. The 

economic bottom of the QTS South ore body is currently 9015. 

During the 2021 reporting period, development will continue for access to the Central System and 

access to the Western System. Development below the 8465 level in QTS North will continue. 

2.4.6 Mine Production 

Production mining activities have focused on the I, J, JS, K, O, S and SN lenses of the QTS North system 

and from the QR1 and Q5 lens in the QTS South system during the past seven years. Stoping will 

continue to focus in these same lenses in QTS North during the 2021 AEMR period. Ore extraction has 

commenced from the Central and Western orebodies from QC1 and W4 lenses respectively. 

Supplementary ore has been extracted as required from other smaller QTS North lenses (M and MS) 

to supplement the ore supply and to provide an optimal feed grade to the mill, as allowed by mining 

sequences and ground stress management. A similar approach will be taken during 2021. 

The QTS North ore system provided 83% of the ore produced for 2020, while the Central and Western 

ore zones provided 9% and 8% respectively. Actual stope performance and metal output for 2020 was 

below budget. Variations in monthly grades, against budgeted figures, reflect timing fluctuations of 

individual stopes. Table 9 shows the comparison of monthly budget and actual production 

performance during 2020 for the underground mine. 
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Table 9 - Budget vs actual production 2020. 

  
Budget Actual Variance 

Tonnes Grade Tonnes Grade Tonnes Grade 
(dmt) (% Cu) (dmt) (% Cu) (dmt) (% Cu) 

Jan-20 77,000 4.22% 81,235 3.99% 4,235 -0.2% 
Feb-20 77,000 4.43% 75,216 5.37% -1,784 0.9% 
Mar-20 77,000 4.33% 80,456 3.84% 3,456 -0.5% 
Apr-20 91,937 2.86% 83,359 4.40% -8,579 1.5% 
May-20 93,014 3.41% 74,933 3.31% -18,080 -0.1% 
Jun-20 93,834 3.94% 84,106 3.00% -9,728 -0.9% 
Jul-20 96,271 3.12% 48,618 2.92% -47,652 -0.2% 

Aug-20 94,248 4.97% 81,379 4.03% -12,869 -0.9% 
Sep-20 91,332 4.75% 87,106 3.63% -4,227 -1.1% 
Oct-20 96,201 3.14% 100,876 3.28% 4,675 0.1% 
Nov-20 92,855 4.20% 81,998 3.66% -10,857 -0.5% 
Dec-20 95,780 4.86% 107,544 4.88% 11,764 0.0% 

2020 TOTAL 1,076,472 4.00% 986,826 3.90% -89,646 -0.1% 
 

2.4.7 Backfilling and Tailings 

The open stope mining method used requires cemented backfill as the main control for stope ground 

conditions. The behaviour of the filled mass has a significant impact on the percentage of extracted 

material and recoveries from processing. Cemented hydraulic fill (CHF) has been used extensively in 

the past at CSA from 2005 to 2018. Cemented Paste Backfill (CPB) has been used as the primary method 

for filling voids at CSA since 2017. CPB is produced by using low moisture slurry cake from mill tailings 

out of the floatation circuit. The placed backfill may be exposed both horizontally and vertically. 

Strength requirements and cement additions for CPB are 1.4 MPa for horizontal exposures using 8.0% 

binder addition by mass and 0.45 MPa for vertical exposures achieved with 3.0% binder addition Due 

to the introduction of the slag and the improved strength, the binder addition has been reduced to 8% 

from 11%. 

Paste fill is obtained by removal of water from full stream tailings through vacuum filters to produce 

slurry cake. This slurry cake will be stockpiled during periods where paste is not required. The installed 

plant also has the flexibility to utilise reclaimed tailings to further decouple paste production from 

milling production.  

Stopes that do not require future horizontal or vertical exposure are filled with un-cemented bulk fill 

only, using development waste / backfill dig out (backfill contaminated) waste. Where cemented fill is 
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required for vertical exposures and paste fill is not practically available, Cemented Rock Fill (CRF) is 

used. CRF is a blend of development waste rock, cement and water which is mixed in a dedicated 

mixing bay mined on each level where required. The CRF is placed into the stope before filling with 

uncemented rock fill. 

With the introduction of paste fill, the cemented hydraulic fill (CHF) plant will remain idle and 

maintained in a ready to operate state, to provide redundancy throughout the commissioning stage of 

paste fill and beyond, until such time as the paste backfill system operates optimally. 

A total of 303,058 m3 of cemented paste fill (CPB) was placed into underground voids during the 2020 

period, representing 36% of flotation tailings produced by milling operations. Table 10 shows monthly 

backfill production and final tailings deposition for the year 2020. Tailings deposition was lower than 

expected with 674,077 dry metric tonnes (dmt) entering the tailings storage facility.  

 

Table 10 - Backfill production and final tailings 2020. 

  Backfill Production Final Tailings  
Cemented Backfill 

Produced  
Tailings used for 

CPB 
Tails Produced Backfill Split 

 2020 (dmt) (dmt) (dmt) (%) 
Jan-20 20915 20226 87336.24 23% 
Feb-20 21460 27763 72062.78 39% 
Mar-20 27599 31716 92744.89 34% 
Apr-20 37290 42257 86034.2 49% 

May-20 24250 35183 91874.02 38% 
Jun-20 24761 27452 79464.98 35% 
Jul-20 30311.4 37647 94318.65 40% 

Aug-20 23277.9 36531 81624.4 45% 

Sep-20 15622 18948 97158.36 20% 
Oct-20 43857.8 58778 95137.27 62% 
Nov-20 4179.16 4333 83932.48 5% 
Dec-20 29535.4 37085 90307.55 41% 

2020 TOTAL 303058 377919 1051996 36% 
2020 BUDGET 398712 545503 1029252 53% 
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2.5 Mineral Processing 
In 2020, the budgeted production rate was 1,212,088 dmt of ore, to produce 182,836 dmt of 

concentrate and 46,403 t of Cu. Actual production achieved in 2020 was above target for ore tonnes, 

with 1,224,164 dmt milled. However, concentrate and copper produced was below budget with 

172,169 dmt of concentrate produced and 45,708 dmt of Cu. Actual and budgeted production 

summary is presented in Table 11. 

Table 11 - 2020 Ore processing production summary. 

2020 PRODUCTION SUMMARY Actual Budget Var. 
Mill Throughput (dmt) 1,224,164 1,212,088 0.9% 

Concentrate Production (dmt) 172,169 182,836 -5.8% 

Contained Copper (t) 45,708 46,403 -1.5% 

Feed Grade (%Cu) 3.84% 3.97% -3.2% 
 

The primary focus of the Ore Processing Department for 2020 was to optimise recovery through 

various initiatives whilst maintaining concentrate grades within target range. The primary focus for the 

Mining Department during 2020 was achieving the planned ore production at the budgeted grade and 

cost and completing critical reserve development to facilitate the planned production ramp-up. Whilst 

this work was undertaken a number of projects were completed or commenced in 2020 to add 

additional mining capacity or debottleneck operations, these included: 

• Concentrate regrind study 
• Primary grinding mill refurbishment feasibility study 
• Primary ventilation upgrade – complete a ventilation and cooling study to establish ventilation and 

cooling requirements to support the LoM production plan; 
 

The key projects planned for the CSA Mine in 2021 include: 

• Establishing new rehabilitation  trial plots and STSF capping trials 
• New Biodiversity improvement project 
•  Mill 2 Shell Replacement 
• Mill 1 Weir Shell Trial 
• Relocation of the emulsion yard and emulsion storage tank  
• QTS North and South exploration drilling; 
• Ongoing extension of the underground seismic network; 
• Major ventilation expansion works 
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 2.5.1 Metallurgy 

The milling circuit consists of two primary Semi-Autogenous (SAG) mills in either open or closed circuit 

as required, with hydrocyclones.  A third mill of the same size is used as a ball mill when further grinding 

is required. After grinding, ore slurry is pumped to the flotation circuit comprising of rougher, 

scavenger, cleaner and re-cleaner stages that use mechanically agitated flotation cells. One bank of 

Wemco rougher cells, one bank of FLSmidth rougher cells and one bank of Outotec scavenger tank 

cells float the sulphides until generating a final tail that is sent to the tailings thickener. Two Jameson 

Cells perform the final cleaning of concentrate. Recovery of Cu minerals, mainly chalcopyrite, is 

excellent with typically 96% to 98.5% of the Cu and around 80% of the silver recoveries.  The 

concentrate grade generally ranges between 25 - 29% Cu and 72 - 88g/t silver (Ag) depending on the 

mineralogy of the ore. Metal Recovery for 2020 is shown in Table 12. 

Table 12 - Metal recovery 2020. 

  Tonnes 
Treated 

Feed Metal Concentrate 
  Grade Recovery Production 

2020 dmt Cu (%) Ag (g/t) Cu (%) Ag (%) dmt Cu (%) Ag (g/t) 
Jan 101,295.94 3.77 14.18 98.31 75.42 13,959.70 26.89 81.99 
Feb 88,366.00 4.99 22.70 98.16 68.26 16,303.22 26.55 83.92 
Mar 107,314.95 3.73 15.49 98.38 75.50 14,570.06 27.04 89.91 
Apr 101,149.35 4.23 18.14 98.51 72.61 15,115.15 27.91 88.86 
May 104,928.71 3.40 15.12 98.12 81.97 13,054.69 26.82 103.66 
Jun 90,538.43 3.44 15.98 98.45 93.97 11,073.45 27.67 69.79 
Jul 106,558.31 3.04 11.45 98.16 86.65 12,239.67 25.99 93.47 

Aug 94,634.87 3.79 12.58 98.39 63.54 13,010.47 27.14 60.50 
Sep 111,860.19 3.63 13.66 98.07 84.40 14,701.82 27.10 89.74 
Oct 108,930.00 3.47 14.38 98.01 80.82 13,792.73 26.83 94.18 
Nov 98,553.00 3.93 16.66 98.14 81.87 14,620.52 26.01 101.99 
Dec 110,034.70 4.83 22.19 98.17 66.14 19,727.15 26.45 80.15 

Total 1,224,164.44 46.26 192.53 1,178.87 931.15 172,168.63 322.40 1,038.17 
2020 

Estimate 1,232,151.64 3.86 15.10 97.96 78.00 176,989.24 26.29 82.01 

 

Flotation concentrate is pumped to a conventional thickener where it is dewatered. Thickener 

underflow is pumped to a Filter Feed Tank. This slurry is pumped to two pressure Filters where water 

is removed. The filtered concentrate is discharged and trammed to stockpiles located within either of 

two concentrate storage sheds. The concentrate has a moisture content of approximately 9.5%. 

Reagent consumption figures for ore processing in 2020 are provided in Table 13. 
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Table 13 - Reagent consumption 2020. 

2020 

Reagent consumpstion tonnes (t) 

Grinding 
Media 

Collector Frother Flocculent Cemenet 

Jan 74.705 0.99 0.23 1.05 0.65 

Feb 68.37 0.99 0.18 0.725 1.65 

Mar 75.12 1.98 0.39 0.925 2.65 

Apr 76.55 1.98 0.31 0.85 3.65 

May 63.495 0.99 0.43 1.1 4.65 

Jun 80.31 0.00 0.30 1.775 5.65 

Jul 76.515 2.98 0.34 1.525 6.65 

Aug 52.355 1.98 0.21 0.625 7.65 

Sep 84.695 0.00 0.25 1.25 8.65 

Oct 65.34 1.98 0.33 0.675 9.65 

Nov 77.595 0.99 0.28 0.8 10.65 

Dec 77.49 1.98 0.53 0.8 11.65 

Total 872.54 16.86 3.76 12.1 73.8 

 

 

 

2.5. Waste Management 
The waste streams generated by the CSA Mine can be broken down into the following categories: 

• General waste  

• Recycling (paper, cardboard, PET/HDPE plastics, aluminium, glass, tin, fluorescent lights and 

printer cartridges); 

• Industrial waste (steel and batteries); 

• Hydrocarbon waste (oil, grease, filters); 

• Sewerage; 

• Waste rock; and 

• Process tailings. 

All waste removed from site is removed in line with current legislation and disposed of at appropriate 

facilities, while mining related waste, such as tailings and waste rock, is disposed of onsite within an 

approved facility. Sections 2.6.1 to 2.6.4 breakdown each waste stream and discuss how much waste 
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was generated during 2020, who the licenced removal contractor is, and the final disposal location. 

During 2020, all waste generated by operations at the CSA Mine, apart from waste rock and tailings, 

was removed offsite for final disposal or recycling. The volumes of each waste stream generated during 

2018, 2019 and 2020 are highlighted in Table 14. 

Table 14 - Annual waste summary. 

 General 
Waste 

(kg) 

Recyclables 
(kg) 

Scrap 
Steel 
(kg) 

Batteries 
(kg) 

 
Transformers Waste 

Oil (L) 

Waste 
Grease 

(kg) 

Hydrocarbon 
Products 

Recycled (kg) 

Hydrocarbon 
Waste (kg) 

Sewage 
(L) 

2017 343,456 16,140 239,058 3,996 - 94,000 20,852 18,666 11,684 241,500 

2018 302,217 16,116 190,330 3,800 - 110,740 8,752 8,668 17,922 169,000 

2019 328,615 12,325 444,000 9,000 - 105,500 6,806 5,507 18,057 271,900 

2020 345,795 10,040 525,000 12,500 14,000 157,200 708 9138 17,056 279,100 

 

2.6.1 General Waste 

General waste at the CSA Mine is collected by JR Richards (JRR) and taken directly to the Cobar landfill 

facility for disposal. The general waste collection volumes for 2020 and the previous years are shown 

in Table 15 below. 

                                                                       

                                                                      Table 15 - General waste collection volumes. 

Year General Waste (kg) 

2014 256,030 
2015 293,445 
2016 311,095 
2017 343,456 
2018 302,217 
2019 328,615 
2020 345,795 

 

In 2020, the volume of general waste generated onsite increased by 17,180 kg from previous year.  A 

steady rate of increase in waste volumes was observed from 2014 -2017 following the commissioning 

of underground waste bins. Prior to this, underground waste was disposed of at the Cobar Tip directly 

by CMPL, and volumes of waste were not captured. Since the addition of these underground waste 

bins, general waste volumes slowly increased as more redundant material was removed offsite rather 

than stored in old underground workings. It is considered that the volumes recorded for 2018, 2019 

and 2020 likely reflect the actual annual volume of waste generation at the CSA Mine. 
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2.6.2 Recycling 

General recyclable materials are made up of co-mingled recyclable waste which includes paper, 

cardboard, PET/HDPE plastics, aluminium, glass and tin and is picked up fortnightly by JRR and 

transported to the JRR Material Recovery Facility in Dubbo for processing. The general recycling 

collection volumes for 2020 and the previous years are shown in Table 16 below.  

Table 16 - Recycling collection volumes. 

Year Recyclables (kg) 

2014 35,360 
2015 40,435 
2016 32,470 
2017 16,140 
2018 16,116 
2019 12,325 
2020 10,040 

 

 

Printer cartridges are collected at each printing area onsite and sent to Ricoh and Close the Loop for 

recycling. During 2018 and 2019, six bags each of printer cartridges were sent offsite for recycling. In 

2020, seven bags of cartridges were recycled.  

Electronic waste in a form of copper wires is collected onsite in cleaned and empty 1,000L pods. This 

waste is stored in the Mill and Administrative laydown areas for offsite recycling. In 2020; 12000 kg of 

insulated copper electrical wires were removed from CSA Mine site. 

 

2.6.3 Industrial Waste 

Industrial waste at the CSA Mine is split into the main waste streams: metals, rubber, hydrocarbons, 

and sewage waste. Each of these waste streams are managed and tracked separately.  

In 2020, 14000 kg of decommissioned transformers and 2000 L of oil stored suspected of containing 

Polychlorinated Biphenyls (PCB) were removed from site. Hydrocarbons are recycled wherever 

possible. An EPA licensed contractor, Renewable Oil Services Pty Ltd (EPA Transport Licence No. 12991; 

EPA Depot Licence No. 13092) collects the waste oil, waste grease and other oily waste for recycling 

at their Rutherford facility on an as required basis. During 2020;  157,200 kg of waste oil, 9138 kg of 

hydrocarbon contaminated products (oil drums, oil filters and oily water) and 708 kg of waste grease 
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was removed from site for recycling. In addition, 17,056 kg of hydrocarbon waste (oily rags, plastic 

liners, hydraulic hoses and contaminated waste soil) was removed off site for disposal. 

Underground sewage waste is removed from site and disposed of by licensed Cobar Mining 

Contractors at the Cobar Shire Council sewerage treatment plant. During 2020, approximately 279,100 

L of sewage waste was removed. 

 2.6.4 Underground Waste Rock 

The underground mining operations produce approximately 200,000-300,000t of waste annually. 

Wherever possible, waste is directly disposed of into underground voids left by stoping operations.  On 

occasion, the volume of waste rock generated by development exceeds the volume of void produced 

by stoping operations and the void volume that becomes available as existing workings become 

redundant. The waste rock brought to surface is stored in stockpiles at the TSF for use in future wall 

lifts. In 2020, 167,549 dmt (difference between start of 2020 and end of 2020; Table 18) of 

underground waste rock was hoisted to surface. A further minimal amount was placed into 

underground voids as CRF or co-disposal of waste into backfill stopes.  

2.6. Ore and Product Stockpiles 

2.7.1 Ore Stockpiles 

Ore hoisted to surface is stored in any of four concrete, open topped storage bins. Total capacity is 

approximately 7,000 wmt. 

2.7.2 Product Stockpiles 

Flotation concentrate is stored in either of the two concentrate storage sheds, with a combined 

storage capacity of approximately 35,000 wmt. The sheds are covered and partially enclosed, which 

assists in the minimisation of dust generation. Each shed has a concrete floor and wall bunds, which 

minimises concentrate losses to the environment. Approximately 4,333 dmt of Cu concentrate was 

stored in the concentrate storage sheds as of 31st December 2020 (Table 17). 
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Table 17 - Copper concentrate stored on site 2020. 

Concentration Stocks on Site 

EOM 
Dry 

Tonnes 
off site 

Wet 
Tonnes 
Off site 

Jan 5,443 5,994 
Feb 7,891 8,676 
Mar 2,625 2,880 
Apr 7,610 8,383 
May 10,455 11,581 
Jun 10,959 12,143 
Jul 5,514 6,089 

Aug 6,618 7,299 
Sep 1,235 1,352 
Oct 3,494 3,806 
Nov 9,741 10,613 
Dec 3,956 4,333 

 

Table 18 summarises stockpile estimates and waste production at the CSA Mine for 2020 and the 

estimate for 2021. 

Table 18 - Cumulative waste and material production. 

  Cumulative Waste & Stockpile Production 

Start of 2020 

reporting 

period 

End of 2020 

reporting period 

End of 2021 

reporting period 

(estimate) 

Topsoil generated (m3) 137,954 145,694 147,194 

Topsoil used / spread (m3) 1,410 3,810 3,810 

Waste Rock (t) (surface hoisted/trucked) 800,239 967,788 1,067,239 

Ore (milled) (dmt) 15,746,575 16,448,328 TBD 

Processing Waste (tailings) (dmt) 8,979,248 10,031,244 TBD 

Backfill (dmt) 4,896,697 5,381,431 5,893,431 

Cu Concentrate (dmt) 2,684,775 2,856,944 TBD 

 

 

 

2.7. Water Management 
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CMPL manage CSA Mine’s water in accordance with the conditions stipulated in Environmental 

Protection license 1864.  

 2.8.1 Raw Water Supply 

A total of 850,137 kL of raw water was supplied to CSA Mine in 2020. This represents a decrease of 

approximately 3 % and 4 % compared to 2019 (874,470 kL) and 2018 (883,065 kL) respectively. The 

decrease in raw water usage was achieved by greater utilisation of groundwater bores. A summary of 

annual raw water supply and water storages is shown in Tables 19 and 20 respectively. CMPL possess 

a current entitlement of 1,356ML/year of high security water under the Water Sharing Plan for the 

Macquarie and Cudgegong Regulated Rivers Water Source. A 30% loss is incurred on this allocation, 

i.e. maximum raw water supply is 950ML/year. CMPL’s water access licenses are summarised in Table 

21. 

Table 19 - 2020 Raw water supply. 

Month Usage (kL) 

January 89,224 

February 69,036 

March 80,950 

April 56,420 

May 42,390 

June 68,768 

July 55,755 

August 59,522 

September 78,702 

October 98,099 

November 78,228 

December 73,043 

Total 850,137 
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Table 20 - Water storage 2020. 

Stored Water 

Volumes Held (ML) 
Storage 

Capacity 

Start of 2020 

Reporting Period 

End of 2020 

Reporting Period 

Old Mine Water Dam MPL1093 (S15) 25 3.00 4.00 
Old Mine Water Dam MPL 1094 (S16) 9 4.00 3.00 
TSF Stormwater Collection Dam (S11) 5.00 0.50 0.30 
Raw Water Storage Tank (S2) 1.00 1.00 0.80 
Borrow Pit Dam (S4) 10.2 0.50 0.81 
Wash Bay Evaporation Pond 0.05 0.02 0.02 
Railway Dam (S8) 4.79 0.25 0.27 
Retention Dam (S9) 2.99 0 0 
Old Smelter Runoff Dam (S13) 2.04 0 0 
North Runoff Dam (S10) 1.34 0 0 
Old CSA Spoils Dam (S1) 4.66 0 0.20 
Pork Pie Dam (S14) 23.4 23.00 21.00 
TSF Decant Dams (combined) (S5) 93.00 28.00  25.02 
Operational Water Dam (settling ponds) 7 5.50 5.02 
Total 189.47 65.77 60.44 
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Table 21 - CSA Mine water access licences. 

License Number Source Category Allocation 

WAL36335 

Macquarie and 

Cudgegong 

Regulated Rivers 

Water Source 

Regulated River - 

High Security 
542.4 units 

WAL36336 

Macquarie and 

Cudgegong 

Regulated Rivers 

Water Source 

Regulated River - 

High Security 
813.6 units 

WAL28539 

Lachlan Fold Belt 

MDB Groundwater 

Source 

Aquifer 300 units 

WAL28887 

Lachlan Fold Belt 

MDB Groundwater 

Source 

Aquifer 210 units 

 

 

 

 

2.8.2  Groundwater Sources 

In 2019 CSA Mine extracted groundwater from five abstractions across Borefields 1 and 2, and began 

the construction and commissioning of an additional eight, being the Borefield 1 extension and 

Borefield 3 (see figure 4). CMPL possess a 510 ML groundwater allocation for the Lachlan Fold Belt 

MDB Groundwater Source as indicated in Table 21. Rates of abstraction are informed by in house draw 

down and sustainable yield studies. An analysis of aquifer refill and drawdown, and site geology 

characteristics, suggests that the groundwater is contained in fractured rock aquifers, which infers that 

a multitude of separate, viable groundwater resources may exist along fault formations within the CSA 

site.  
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Figure 4 - CSA Mine groundwater abstractions. 
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2.8.3 Water Balance. 

CMPL maintain a water balance model to be used in reporting and as a forecasting tool. The water 

balance model is informed by the collection of regular water transfer meter readings. By correlating 

data obtained from these readings with outputs from specific plant, a relationship between water 

usage and mining and ore processing parameters can be established and future water requirements 

more accurately estimated. Currently, reticulation volumes are measured with mechanical flow meters 

located at inflows and outflows of interest. The water balance model is continuously reviewed to 

ensure that it captures any modifications to water distribution. Water consumption and basic 

reticulation data are summarised in Table 22.  

Table 22 - Water balance output. 

Item 2014 2015 2016 2017 2018 2019 2020 
Inflows (ML)  

Raw Water Supply 976 882 883 961 883 874 850 

Bore Water Supply - - - - 108 146 102 

Water Recycled 478 418 384 337 232 259 462 

Mine Raw Water Consumption 422 399 413 375 294 584 485 

Mill Raw Water Consumption 319 456 324 401 475 309 462 

Surface General Raw Water Consumption 204 362 49 31 111 113 66 
 

 

 

2.8. Hazardous Materials Management 
CMPL holds a Dangerous Goods Notification for the CSA Mine. Current WorkCover licensing 

requirements for hazardous materials and dangerous goods management in NSW requires the CSA 

Mine to submit an annual Notification of Dangerous Goods on Premises form to notify WorkCover of 

Hazardous and Dangerous Goods stored on the premises. 

Monthly inspections are undertaken to ensure that Dangerous Goods storage areas meet the 

requirements discussed above. The findings of the inspections are actioned to area supervisors, and a 

time frame given to remedy any compliance issues. Throughout 2020, inspections identified minor 

issues relating to general housekeeping (example; few chemicals not stored on bunds), restocking of 

spill kits, the availability of Safety Data Sheets (SDS) for chemicals, and minor hydrocarbon spills on 

premises. All these minor issues were rectified. 
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In addition, to the monthly inspections, the CSA Mine conducts a yearly audit on all dangerous goods 

storage locations. The audit is designed to ensure that the requirements for the storage of dangerous 

goods and hazardous substances are met onsite. The main issues identified in the 2020 audit were the 

location of SDS’, general housekeeping, spill kits needing restocking or not available, incorrect storage 

and inadequate signage. The issues identified were rectified. 

2.9. Other Infrastructure Management 
During 2020 various pieces of redundant infrastructure such as metals, batteries, insulated electrical 

wires, wooden pallets etc. were removed from site and transferred to a scrap facility. 

3. ENVIRONMENTAL MANAGEMENT AND PERFORMANCE 
3.1. Meteorological Monitoring 

Meteorological data for the CSA Mine is primarily derived from the Cobar Meteorological Observation 

(MO) Station #048027, and supplemented by an onsite rainfall gauge at the South Tailings Storage 

Facility (STSF). Respective total recorded rainfall for 2020 was 430 mm and 397 mm, an increase of 242 

mm and 182 mm for the two monitoring stations respectively compared to 2019.  Annual rainfall data 

for 2020 is summarised in Figure 5.  Recorded mean daily wind run in 2020 was generally above the 

long term average (Figure 6). The prevailing wind direction was from the east and north-east (Figure 

7). 
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Figure 5 - Cobar Monthly Rainfall Monitoring 2020. 

 

 

 

 
Figure 6 - Cobar Monthly Windrun Monitoring 2020. 
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Figure 7 - Cobar wind direction rose. 

 

3.2. Air Quality 
The objective of air quality management at the CSA Mine is to minimise the generation of airborne 

nuisance dust and other contaminants. To this end the CSA-HSET-MP-1002 Surface Dust Management 

Plan and the CSA-MIN-MP-2005 Air Quality; Dust and Other Contaminants Plan has been developed to 

establish a monitoring guideline and control procedure for activities with the potential to generate 

emissions. Identified emission point sources include material handling and storage, operation of 

mobile equipment, drilling, blasting and ventilation exhaust.  

 

Typical controls included in the aforementioned management plans include: 

• Watering of trafficked areas, haul roads and material stockpiles, and the application of dust 

suppression additives and road sealant where practicable; 

• Management of stockpiles such that the ratio of volume to surface area is maximised as best as is 

practicable i.e. preference is shown to increasing circumference of stockpiles as opposed to height; 
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• Reverse Circulation surface drill rigs are equipped with a twin cyclone system and a filter box, and 

are maintained to specification; 

• Water droppers are utilised to ensure underground surfaces are kept moist and thus particulate 

volume brought to the surface via ventilation exhaust is minimized; and 

• Minimising surface disturbance by restricting vegetation clearing and top soil removal. 

 

CMPL maintain a network of 16 depositional dust gauges to monitor compliance against the 4 

g/m2/month dust threshold specified by the EPA. Supplementary high volume air samples are also 

recorded when required. Air quality sampling is undertaken in accordance with AS 3580.10.1 (2003).  

 

The locations of the deposition gauges are listed below and depicted in Figure 8 and a view of the 

gauge is shown in Figure 9;  

• D1 – North-eastern corner of the STSF; 

• D2 – North-eastern boundary wall of the NTSF; 

• D3 – North-east of the concentrate loading shed; 

• D4 – West of the administration building; 

• D5 – Adjacent the TSF booster hopper; 

• D6 – South-central of the STSF; 

• D7 – Adjacent the TSF haul road; 

• D8 – North-central of the NTSF; 

• D9 – Adjacent the underground decline; 

• D10 – Adjacent the backfill plant; 

• D11 – North of the Paste Fill Plant; 

• D12 – East of the Paste Fill Plant; 

• D13 – North-eastern boundary of Red Tank property; and 

• D14 – Eastern boundary of CML5. 

• D15 – Southern Boundary of CML5 

• D16 – Western Boundary of CML 
 

Dust deposition rates for the 2020 recording period is displayed in Table 23.  In 2020, samples were 
routinely collected on a monthly basis and were analysed by an external NATA accredited laboratory 
for determination of dust composition and mineral content.  
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Figure 8 - CSA Mine dust deposition monitoring network. 

 



 

40 

 

 

Figure 9 - Dust deposition gauge. 

  

Table 23 - Tabulated dust deposition data for the 2020 period. 

Monitor D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16 

Month Ash Content (g/m2/month)   

Jan 3.4 3.1 2.1 2.4 6.7 2.5 4.3 2.7 4.1 8.8 7 5.2 2.5 3 - - 

Feb 7.4 6.6 7.3 8.2 12 7.4 10.1 6.5 10.1 15.6 10.8 8 6.8 9.4 - - 

Mar 1.5 0.9 1.6 1.1 6.1 1.3 3.2 1.3 3.5 5.1 2.5 1.8 1 1.2 - - 

Mar 2.8 1.5 1.3 0.9 3.0 3.2 4 1.1 4.3 4.6 2.2 2.5 1 1.2 - - 

Apr 1.5 1 1.4 0.9 4.9 1.4 2.1 0.8 2.8 5 5.1 2.1 0.5 0.7 - - 

May 3.7 0.8 1.1 0.6 11.7 0.6 3.8 0.6 3.3 5 2.2 2.2 0.4 0.6 - - 

Jun 0.8 0.2 1 0.9 8.6 0.5 4.7 0.2 2.9 5.4 1.3 1.8 0.2 0.3 - - 

Jul 1 0.3 0.7 0.5 4.9 0.2 2.8 0.2 2.1 2.8 1.1 2.1 0.2 0.5 - - 

Aug 1.9 0.3 0.9 0.5 5.3 0.2 1.7 0.3 3.6 4.9 1 1.8 0.3 0.4 - - 

Sep 6.1 0.7 0.7 0.6 5 0.5 1.6 0.4 1.9 1.6 1.6 1.4 0.5 0.6 - - 

Oct 29.4 1 1.3 1.1 1.3 0.6 1.1 0.8 3 2.9 2 2 0.7 0.8 - - 

Nov  3 0.9 1.4 1.5 2.9 0.6 1.4 0.9 2.8 4.8 2.9 3.9 0.7 1 1.1 1.2 

Dec 8.4 7 9.7 8.9 6.6 5.7 10.1 7.8 12.1 21.3 11.6 15.2 5.7 5.8 5.6 5.1 
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A significant number of exceedances (shaded in red – Table 23) were recorded in 2020.  Similarly in 
2019, CSA Mine commissioned Ecotech Pty. Ltd., and an additional ambient air quality monitoring 
station (EBAM station) near the tailings storage facility (GPS location points S 31°24’26.09 E 
145°49’3.61) which measures PM10 dust particulate emissions were established (Figure 10). The EBAM 
station records average daily PM10 dust emissions. These values are compared with the National 
Environment Protection Measures (NEPMs) standard of daily PM10 dust emissions of 50 μg/m³. All 
exceedances are recorded. The EBAM station also recorded a number of dust exceedances in the later 
part of 2019 when the EBAM station came online. In 2020 the EBAM dust monitoring station 
equipment has generally been offline as a result of consistent fault. This issue is being rectified. 

 

 
Figure 10 - EBAM Dust monitoring station. 

 
The dust exceedances recorded on site in 2020 could be attributed to ongoing drought conditions in 
Cobar, above average wind run, increased haulage of excess waste rock, material storage associated 
with the commissioning and running of the Paste Fill Plant and the general construction works on site. 

In response a number reactive controls have been employed; a new dust suppressant additive was 
trialled, frequency of the use of water trucks have been increased, highly trafficked roads were gravel 
sealed, and the wetting frequency of tailings reclaim stockpiles at the Paste Fill Plant was increased. 
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The frequency of dust deposition sampling has been increased from 2 monthly monitoring in 2018 to 
monthly monitoring in 2019 and beyond. All the controls implemented shall be monitored closely to 
determine its efficiency moving forward to the 2021 reporting period. 

3.3. Erosion and Sediment 
The drainage system at CSA Mine has been designed such that all potentially contaminated and/or 
sediment laden water reports to a fit for purpose receptacle and no off-site discharge occurs. The 
drainage system is comprised of open channel drains, pipes, pits and dams constructed according to 
the drain and channel sizing and lining, rock armouring and other erosion mitigation guidelines 
outlined by Golder in a 2017 site drainage review. Said review, received by CMPL in September of 2017, 
identified that the CSA Mine is comprised of five distinguishable catchments as per Figure 11. Of 
particular note, the north-eastern catchment which now encompasses the mine decline portal, paste 
fill plant and excised area Big Mt Brown was found to drain to depressions adjacent the road that 
formed the eastern boundary of the catchment. Following the commissioning of the Paste Fill Plant it 
was determined that this catchment should be retrofitted into the primary site catchment, which 
drains to the Borrow Pit Dam, given the potential of contamination associated with tailings stockpiling 
at the Paste Fill Plant. This work was completed in early 2019. 

Erosion and sediment control inspections are conducted by the CMPL Environment Department within 
24 hours after a large rainfall event (greater than 25 mm over 24 hours). A visual inspection is of key 
water storages, drainage channels and bunds across site is performed to identify any erosion damage, 
drainage issues, blockages, storage capacities, and risks of overflow or discharge. Corrective actions 
are assigned with priority given to those that maintain the capacity of storages and minimise the risk 
of damage to the structural integrity of facilities. An Erosion Inspection Record Sheet (FRM-285) is used 
to document the results of erosion inspections and record corrective actions identified during the 
inspection.  

Only two significant rainfall events approximately 44.2 mm and 30 mm  occurred on 4th April, 2020 and 
30th April, 2020 respectively. Erosion inspections were conducted and no significant erosion or 
drainage impediments were identified. 

The TSF is not included as part of the site Stormwater Management Plan because all drainage, erosion 
and water catchment issues are dealt with through the TSF Operations Plan, dam engineers, surveyors 
and DSC surveillance reports. The TSF is monitored for structural erosion in the 3 - monthly compliance 
surveys. In addition, weekly monitoring and inspections are done by the Ore Processing 
Superintendent after rainfall events exceeding 25 mm in a 24-hour period. Furthermore, a general TSF 
inspection occurs twice per 12 - hour shift by Mill Operators.  
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Figure 11 - Site catchments as per 2017 Golder drainage report. 
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3.4. Surface Water Monitoring 
CMPL undertake routine surface water monitoring to demonstrate compliance with the conditions of 
EPL1864 and to provide data to assess the efficacy of site water management practices. Surface water 
bodies in CML5 do not extend into adjacent land parcels and do not supply a purpose outside of the 
mining and milling activities at CSA. As CSA does not discharge contaminated water offsite, a number 
of surface water bodies serve as contaminated water receptacles. The nearest neighbouring water 
bodies are Yanda Creek 15km east of the TSF, and Buckwaroon Creek 40 km south-west of CML5. Both 
of these water bodies are ephemeral in nature. 

Surface water sampling is conducted as per the principles enunciated in the Standards Association of 
Australia AS/NZS 55567:1:1998. In lieu of baseline data or a reference water body, monitoring analytes 
are compared against the short-term trigger values for general water use stipulated in the Australian 
and New Zealand Environment and Conservation Council (ANZECC, 2000) and Agriculture and 
Resource Management Council of Australia and New Zealand (ARMCAN, 2002) Guidelines for Fresh 
and Marine Water Quality (See table 24). Surface water sampling points in CSA Mine is shown in Figure 
12. 

Table 24 - Adopted surface water quality guidelines. 

ANZECC (2000) Guidelines for Irrigation and General Water Use 

pH 6-9 
Electrical Conductivity (µS/cm) 7,700 

Copper (mg/L) 5 
Iron (mg/L) 10 
Lead (mg/L) 5 

Sulphates (mg/L) 1,000 
Zinc (mg/L) 5 

 

Water quality is monitored at 12 sites every two months and it is briefly described in Table 25 and 
Figure 13. Given the ephemeral nature of several of the water bodies, routine samples are often not 
practicable. As such, the monitoring program is supplemented by spontaneous sampling after rainfall 
whenever the opportunity presents. Sampling is conducted by a member of the Environment 
Department. A field analysis is performed to determine pH, and a sample sent to a NATA accredited 
laboratory to determine Electrical Conductivity (EC), turbidity, Copper, Iron, Lead, Zinc and Sulphate 
content. 
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Table 25 - Surface water sampling locations. 

Sampling Location Nature 

S1 - Catch Dam North of 

Old CSA Spoils 

Ephemeral drainage basin for the excised area  

Little Mt Brown 

S2 - 1ML Tank 
Contained & externally supplied via the Cobar 

Water Storages 

S4 - Borrow Pit Dam Primary site drainage basin 

S5 - TSF Decant Dam STSF drainage basin 

S8 - Railway Dam 
Ephemeral drainage basin adjacent to the TSF 

access road 

S9 - Retention Basin 
Ephemeral drainage basin for the excised area Little 

Mt Brown 

S10 - North Runoff Dam 
Ephemeral drainage basin for the excised area Little 

Mt Brown 

S11 - STSF Stormwater 

Catchment 

Ephemeral drainage basin for the south-western 

outside embankment of the STSF. 

S13 - Western Runoff Dam 
Ephemeral drainage basin for the excised area Little 

Mt Brown 

S14 - Pork Pie Dam Primary site process water storage facility 

S15 - Old Mine North Dam Ephemeral rainwater basin 

S16 - Old Mine South Dam Ephemeral rainwater basin 
 

Samples collected from site S2 are taken directly from the 1ML Raw Water Tank, which is the store for 
the CSA Mine’s incoming external water. The CSA Mine has no control over the chemical properties of 
the incoming water, and therefore exceedances detected in these S2 samples are assumed to be the 
naturally occurring levels in the uncontaminated water supply. Additionally, S15 and S16 are classified 
as undisturbed catchments; therefore samples taken from these storages provide suitable baseline 
data for comparative analysis for other surface water catchments on site. 

The 2020 surface water results are in line with the dams designated use (i.e. contaminated storages) 
and as such have slightly elevated levels of zinc and sulphates. Drought conditions in 2020 have allowed 
contaminants to become concentrated within storages with few dilution events. Consequently, some 
of the surface water results show values slightly greater than the ANZECC Guidelines as seen in Table 
26. 
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Figure 12 - CSA Mine surface water sampling locations. 
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Table 26 - Surface water monitoring results 2020. 

 

 

3.5. Ground Water Monitoring 
CMPL maintains and monitor 26 active standpipe piezometers, 9 vibrating wire piezometers, 20 

monitoring bores and 13 production bores. Routine data collection from these sites is used to assess 

the integrity of the STSF wall, and to determine whether any underground seepage of contaminated 

water into natural areas and/or aquifers has occurred. Water levels are recorded monthly and water 

quality samples are taken by the Environment Department when required and/or available.  

Sampling Location pH
Electrical 
Conductivity 
(µS/cm)

Total Copper 
(mg/L)

Total Iron 
(mg/L)

Total Lead 
(mg/L)

Sulphates 
(mg/L)

Total Zinc 
(mg/L) Turbidity TSS

ANZEEC Guideline 6-9 7700 5 10 5 1000 10 100

S1 - Catch dam North of old CSA spoils 3.71 1040 - - - - - -
S2 - Raw Water Tank 7.72 744 0.002 <0.001 46 0.037 2.8
S4 - Borrow Pit Dam 4.73 2037 * * * * * *
S5 - TSF Decant Dam 7.83 14500 0.04 0.002 5380 0.199 8.4
S8 - Railway Dam 4.32 358 * * * * * *
S9 - Retention Basin 4.21 372 - - - - - -
S10 - North Run off Dam 5.23 207 - - - - - -
S11 - STSFE Stormwater Catchment 7.01 303 - - - - - -
S13 - Western Run-off Dam 6.32 199 - - - - - -
S14 - Pork Pie Dam 7.33 4440 0.076 0.003 870 0.273 8.2
S15 - Old Mine Water Dam (MPL 1093) 7.75 46 * * * * * *
S16 - Old Mine water Dam (MPL 1094) 7.3 558 * * * * * *

S1 - Catch dam North of old CSA spoils
S2 - Raw Water Tank 7.53 795 <0.001 0.18 <0.001 44 0.479 1.9
S4 - Borrow Pit Dam
S5 - TSF Decant Dam 7.87 4260 0.045 <0.05 <0.001 1660 0.021 2
S8 - Railway Dam 5.56 449 3.22 0.06 0.004 161 1.6 1.7
S9 - Retention Basin
S10 - North Run off Dam
S11 - STSFE Stormwater Catchment 
S13 - Western Run-off Dam
S14 - Pork Pie Dam 7.73 3620 0.36 0.67 0.006 980 1.26 10.9
S15 - Old Mine Water Dam (MPL 1093) 7.22 129 0.047 4.52 0.013 32 0.506 163
S16 - Old Mine water Dam (MPL 1094) 7.14 28 0.019 0.25 0.004 <1 0.011 7.9

S1 - Catch dam North of old CSA spoils 3.89 1740 15 3.77 0.017 1240 73.1 1.9 <5

S2 - Raw Water Tank 7.75 308 0.003 3.04 0.002 12 0.844 3.9 <5

S4 - Borrow Pit Dam 7 622 1.32 1.39 0.037 174 2.06 31 20
S5 - TSF Decant Dam 7.29 3650 0.045 0.1 <0.001 1630 0.022 2.2 <5

S8 - Railway Dam 6.66 686 0.978 0.1 0.003 222 0.961 4.2 <5

S9 - Retention Basin 4.02 843 3.72 0.3 0.18 523 25.6 5.3 6
S10 - North Run off Dam 4.5 303 0.989 0.1 0.016 115 5.73 5.2 <5

S11 - STSFE Stormwater Catchment 6.13 517 2.09 1.21 0.006 228 1.26 12.8 10
S13 - Western Run-off Dam 5.75 363 0.494 0.14 0.009 119 5.25 7.3 <5

S14 - Pork Pie Dam 7.73 2730 0.793 0.94 0.006 787 3.27 18 24
S15 - Old Mine Water Dam (MPL 1093) 7.64 70 0.013 3.04 0.006 17 0.121 130 38
S16 - Old Mine water Dam (MPL 1094) 7.48 35 0.059 3.47 0.074 3 0.055 164 34

S1 - Catch dam North of old CSA spoils
S2 - Raw Water Tank
S4 - Borrow Pit Dam
S5 - TSF Decant Dam
S8 - Railway Dam
S9 - Retention Basin
S10 - North Run off Dam
S11 - STSFE Stormwater Catchment 
S13 - Western Run-off Dam
S14 - Pork Pie Dam
S15 - Old Mine Water Dam (MPL 1093)
S16 - Old Mine water Dam (MPL 1094)

QUARTER  4

QUARTER  3

QUARTER  2

QUARTER  1
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Groundwater sampling is conducted as per the principles enunciated in the Standards Association of 

Australia AS/NZS 55567:1:1998. Baseline groundwater quality data has not been recorded and is 

difficult to determine given the long history of tailings deposition and uncertainty regarding 

groundwater flow direction. Underlying fault sequences occurring in the proximity of the STSF pose a 

potential pathway for fluid migration over time. Contemporary seepage has been minimal and 

confined to the south-east corner of the STSF. Geochemical work indicates that historic tailings 

deposited in the STSF were potentially acid-forming (PAF) with elevated concentrations of leachable 

metals (Cu, Pb, Zn, Cd) and sulphate which may be a source of contamination. Contemporary tailings 

deposition is generally found to be non-acid forming (NAF) with lower potential to leach metals. 

Figure 13 depicts a cross-sectional drawing of the typical set up of standpipe piezometers at the CSA 

Mine. The locations of the piezometers are determined by dam engineers (Golder Associates) to 

provide complete coverage of the facility. Table 27 indicates the location of wet piezometers on the 

embankment wall or on ground level of the TSF. 

 

 
Figure 13 - Cross section of STSF piezometer setup. 
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Table 27 - STSF piezometer locations on embankment walls or ground level. 

Stage Piezometers 

Ground Level P8, P17, P33, P35 
Original Wall P41, P43, P44, P45 
Wall Raise 1 P7, P15, P26, P27, P38 
Wall Raise 2 P14, P37 
Wall Raise 3 P56, P57 
Wall Raise 4 VWPs 

 

There are no requirements from a dam safety perspective to sample water from standpipe 

piezometers, only the water level of piezometers needs to be measured for dam integrity purposes. 

Measurement of water depth in standpipe piezometers was undertaken monthly but was changed to 

every 2 months in 2018. In 2019 Vibrating Wire Piezometers were installed and this equipment 

automatically sends monitoring data to our Dam Engineers (Golder Associates) and therefore regular 

monitoring of the standpipes was stopped.   

Key piezometers have trigger points set by the CSA Mine consultant TSF Dam Engineers (Golder 

Associates) to comply with Dams and Safety Committee (DSC) requirements; if water levels within the 

piezometers reach this trigger point, it could indicate that the TSF embankments are not operating as 

designed and will need to be investigated to ensure the structure and integrity of the TSF is still intact. 

The trigger levels are based on a stability analysis undertaken for each successive STSF wall raise 

design. Since 2008 run through to 2019 and 2020, the majority of the 26 STSF standpipe piezometers 

have maintained relatively consistent water levels with only a select few sampling sites fluctuating 

over time. 

CSA Mine’s Dam Engineers are automatically notified of any exceedance and are sent all data from the 

TSF piezometer phreatic surface monitoring for assessment of embankment stability. The engineers 

conduct a yearly surveillance report, providing comment on performance and maintenance issues. In 

2019 and 2020 there was no any performance issues of concern for the STSF. 

In addition, to the general TSF inspections that occur twice per 12-hour shift by mill operators, a 

permanent surveillance camera was installed on Stage 8 wall raise overlooking the STSF from the south 

in 2015. A snapshot of the STSF beach and causeway is taken at 1pm and downloaded every day for 

the purpose of remote surveillance and for the long term monitoring of potential water ponding 

adjacent to the decant dam ladder way. 
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There are three Groundwater Monitoring Bores (MB) l located to the east of the STSF. These are MB1, 

MB2 and MB3, which have been installed to 92 m, 14.8 m and 54 m (respectively). The locations for 

these sampling sites can be seen in Figure 14. These bores are installed on the down gradient of the 

TSF (the most likely seepage pathway) and are designed to provide data on the potential for TSF and 

groundwater interaction. 
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Figure 14 - CSA Mine groundwater monitoring network. 
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3.6. Contaminated Land 
Sites of contamination at the CSA Mine are primarily the result of elevated heavy metal concentrations 

above background levels, particularly lead, copper, zinc and aluminium. Contaminated sites exhibited 

a lower pH likely to prohibit the establishment of vegetation, as well as higher salinity levels, based on 

the background soil results. These exceedances were across the main site operational area, associated 

with mining activities, principally in historic areas of mine waste stockpiles.  

Past contaminated land assessments have concluded that the elevated concentrations of metal 

contaminants in soil, as well as soil acidity and salinity, have the potential to significantly inhibit future 

rehabilitation efforts, especially in regards to meeting closure criteria. The measures implemented to 

improve the rehabilitation success of contaminated areas are discussed in Section 5. 

The areas at the CSA Mine identified as exceeding the National Environmental Protection Measures 

(NEPM) and EPA assessment criteria are classified as contaminated, and surface disturbance works are 

restricted to ensure present contamination is not mobilised and does not pose a risk to human and 

environmental health. In addition to this, the CSA Mine has a Surface Water Management Plan in place 

that prevents offsite discharge of surface water to local surface water bodies, further reducing the risk 

of offsite impact.  

Background sites not impacted by mining activities, as well as areas off site, will continue to be sampled 

throughout operations in order to capture local baseline conditions and the level of contamination 

within operational areas of the site. Data on the nature and level of contamination will assist in defining 

the requirements for progressive rehabilitation to meet performance and closure criteria set out in the 

CSA Mines Rehabilitation Monitoring Methodology and Determination of Completion Criteria for 

Rehabilitation Ecosystems report. 

The excised areas, although classified as contaminated areas, are not part of CML5 and the CSA Mine 

has no operational control over these areas. Therefore, these areas are not assessed or managed by 

the CSA Mine. 

The last contamination assessment was conducted in 2013, and as not new major disturbance or 

contamination activities were conducted in 2020, a full site assessment was not deemed necessary for 

2020.  
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3.7. Threatened Flora 
The 2012 Biodiversity Assessment found 197 flora species presently or previously recorded within 

CML5 and concluded the area has high floral diversity. Six Biometric vegetation communities were 

identified as occurring at the site, including: 

- Gum Coolabah woodland on sedimentary substrates mainly in the Cobar Peneplain Bioregion; 

- Gum Coolabah - Mulga open woodland on gravel ridges of the Cobar Peneplain Bioregion; 

- Poplar Box - Gum Coolabah and White Cypress Pine Shrubby Woodland mainly in the Cobar 

Peneplain Bioregion; 

- Mallee - Gum Coolabah woodland on red earth flats of the eastern Cobar Peneplain Bioregion; 

- Green Mallee - White Cypress Pine very tall mallee woodland on gravel rises mainly in the 

Cobar Peneplain Bioregion; 

- Derived mixed shrubland on loamy-clay soils in the Cobar Peneplain Bioregion; and  

- Cleared/developed land (Non-native vegetation). 

None of these vegetation communities are representative of an Endangered Ecological Community 

(EEC) listed under the Threatened Species Conservation Act 1995 (TSC Act) or the Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act). However, two vegetation communities 

present within the study area are likely to be of conservation significance. According to Benson et al. 

(2006), ‘Popular Box-Gum Coolabah and White Cypress Shrubby Woodland’ is considered ‘near 

threatened’ while ‘Mallee-Gum Coolabah Woodland’ is considered ‘vulnerable’. Both communities are 

threatened by inappropriate fire regimes, clearing, grazing by stock and goats, woody weed invasion 

(likely a result of changes to grazing and fire regimes) and sheet erosion. 

No threatened flora species as listed by the TSC Act or the EPBC Act were detected on CML5 during 

the 1999, 2006 or 2012 biodiversity assessments. 

Several factors relating to vegetation condition and disturbance were identified during the 2012 study, 

these being overgrazing, and alterations to fire regimes, weeds, previous timber harvesting and 

seasonal variations. 

Workers of the CSA Mine undertaking surface exploration activities are provided with information to 

allow them to recognise relevant flora and fauna species. All proposed drill sites, roads and tracks are 

inspected by a member of the Environment Department prior to any exploration activity taking place. 

The inspections include an assessment of potential risks to flora, fauna and cultural heritage. The CSA 

Mine employees and contractors are instructed to notify the Environment Team of the presence of 
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any species or sites of potential importance so that they may be further examined and appropriate 

controls or actions put in place. Details of the inspection are documented including the location and 

any identified species. The appropriate department is then notified of any follow up and management 

conditions required. If exploration personnel have any doubt they are instructed not to proceed with 

the exploration activities until clearance is received. 

3.8. Threatened Fauna 
A total of 160 fauna species have been identified within CML5 during the 2006 and 2012 biodiversity 

surveys, comprising of: 110 bird species; 20 reptile species; 3 frog species, 15 mammal species and 12 

bat species. 

Nine threatened fauna species and one migratory fauna species listed under TSC Act and EPBC Act 

were detected within CML5 during the 2012 Biodiversity Assessment, including: 

 

- Chestnut Quail Thrush (Cinclosoma castanotum) listed as Vulnerable under TSC Act; 

- Grey-crowned Babbler (Pomatostomus temporalis temporalis) listed as Vulnerable under TSC 

Act; 

- Hooded Robin (Melanodryas cucullata cucullata) listed as Vulnerable under TSC Act; 

- Little Eagle (Hieraaetus morphnoides) listed as Vulnerable under TSC Act; 

- Pink Cockatoo (Lophochroa leadbeateri) listed as Vulnerable under TSC Act; 

- Varied Sittella (Daphoenositta chrysoptera) listed as Vulnerable under TSC Act; 

- Little Pied Bat (Chalinolobus picatus) listed as Vulnerable under TSC Act; 

- Yellow-bellied Sheathtail Bat (Saccolaimus flaviventris) listed as Vulnerable under TSC Act; 

- Inland Forest Bat (Vespadelus baverstocki) listed as Vulnerable under TSC Act; and 

- Rainbow Bee-eater (Merops ornatus) listed as Migratory under EPBC Act. 

Six key threatening processes listed under the TSC or EPBC Acts which could threaten (or potentially 

threaten) the survival or evolutionary development of a species, population or ecological community, 

have been identified as relevant to CML5. These include: 

- Competition and habitat degradation by Feral Goats;  

- Removal of dead wood and dead trees; 

- Clearing of Native Vegetation; 

- Predation by European Red Fox; 

- Predation by Feral Cats; 

- Predation and hybridisation by feral dogs. 
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The CSA Mine’s environmental objectives aim to ensure the clearing of native vegetation is minimised 

where possible. The mine understands the value of connectivity and is fortunate to be within the Cobar 

Peneplain Bioregion, which is the most extensive woodland community to remain in western NSW. 

3.9. Weeds 
During the 2012 Biodiversity Assessment, nine noxious or environmental weeds were identified within 

the study area:  

• Onion Weed (Asphodelus fistulosus), intermittent along bitumen road and railway line.  

• Patterson's Curse (Echium plantagineum), intermittent along bitumen road and railway line.  

• Bathurst Burr (Xanthium spinosum), found downslope of straw mulch in rehabilitation area 

and at old house estate. 

• Fierce Thornapple (Datura ferox), found downslope of straw mulch in rehabilitation area and 

at old housing estate.  

• Century Plant (Agave americana), found at old housing estate. 

• Aloe (Aloe sp.), found at old housing estate. 

• Prickly Pear (Opuntia stricta), found at old housing estate.  

• Saffron Thistle (Carthamus lanatus) and Spear Thistle (Cirsium vulgare), occasional around 

perimeter of mine facility and highly disturbed areas such as tanks. 

Exotic flora species are generally only present in developed areas (e.g. bitumen roadsides, railway 

easement, some parts of the electricity transmission easements, farm dams, and in/around the mine 

facility. 

In previous years, the Cobar Shire Council (CSC) Weeds Officer has conducted annual Noxious Weeds 

Inspections of the CSA Mine site. The Noxious Weeds Inspection focuses on the most likely locations 

for weed establishment including topsoil stockpiles and newly disturbed areas. In previous years, there 

have been issues with Prickly Pear infestations; however, due to its successful control in 2013, it has 

no longer been an issue. In 2014, the CSC Weeds Officer reported that the CSA Mine-owned property, 

Red Tank, has been compliant with Local, State and Federal statutory requirements in regards to the 

control of listed noxious weeds and deemed the area as low risk.  

The Environmental and Exploration Personnel are trained in the identification and reporting of noxious 

weeds. In late 2017, the poisonous plant green cestrum (Cestrum parqui) was identified on site and 

reported to Cobar Shire Council.  
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Competition, grazing and predation by feral animals on the CML5 lease are addressed in the CSA Mine 

Pest Animal Management Plan. This management plan was first implemented in 2007 and was last 

updated in 2012. This management plan will continue to be implemented in the future in order to keep 

identified feral animals under control.  

A new contractor was commissioned in 2017 to remove feral goats from site. Throughout 2021, a total 

of 31 goats were removed from CSA Mine site consisting of 15 Billies, 11 Nannies and 5 kids. When 

goats are removed from site, they are recorded through a Livestock Production Assurance National 

Vendor Declaration (NVD). A goat cannot be sold without an NVD, which is used to document numbers 

and locations of goats harvested, provide assurance landholder access was granted and more 

importantly, to declare information about the food safety status of the livestock. This compulsory 

process is managed by Meat and Livestock Australia (MLA). 

3.10. Blasting 
All blasting is confined to the underground mine workings at a depth greater than 1.6 km. The mining 

method adopted at the CSA Mine uses bulk emulsion for production firings and ANFO, initiated by the 

use of electronic detonation, for development firings. Less than 500 kg of explosives are consumed per 

delay. While this method remains in use, no surface monitoring for vibration is required. 

3.11. Operational Noise 
Blasting and crushing are the two noisiest operations at the CSA Mine site. Both occur more than 700 

m underground and are not audible at the surface. The grinding circuit, adjacent to the concentrator, 

is the loudest operation on the mines surface. Various mobile plant equipment are occasionally used 

for surface projects, such as continuous trucking of waste rocks to the STSF and other special projects. 

Such surface activities are typical operations of a mine site, and thus do not require noise monitoring. 

The distance of the CSA Mine site from the township of Cobar (11 km) and from residential properties 

on surrounding land (minimum 3 km) contributes to a lack of operational noise complaints. 

3.12. Visual, Stray Light 
Stray light pollution does not impact on surrounding neighbours due to lighted areas on surface being 

restricted to a small operational area, and the location of the mine being over 3 km from the nearest 

residence and 11 km from the township of Cobar. The CSA Mine has never received a complaint in 

regard to light, and as such has no need to amend current practices.  
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3.13. Aboriginal Heritage 
The CSA Mine is located on the traditional homelands of the Ngiyampaa people. This land is of cultural, 

economic and spiritual importance to the Ngiyampaa people, and many Elders still hold a deep interest 

in cultural matters. Any potential disturbance is therefore carefully considered and agreed upon by all 

relevant parties prior to works commencing.  

The CSA Mine is committed to maintaining good relations with all external stakeholders. Any Aboriginal 

archaeological finds, artefacts or information concerning aboriginal sites that are passed on to the 

company are appropriately handled and reported to the Office of Environment and Heritage (OEH) as 

soon as practicable. No Aboriginal place, object or relic is to be disturbed or damaged without the 

consent or authorisation of the OEH. The following potential and actual Aboriginal significant sites have 

been identified on CSA Mine site; CSA IS 01, CSA IS 02, CSA 1 Cobar, CSA 2 Cobar, CSA 3 Cobar and CSA 

Tailings. Most of these objects believed to be of significance are sandstone, gravel, quartz, silcrete 

flakes and artefacts. Figures 15 and 16 show the maps for the sites where objects of Aboriginal and 

historical importance have been identified at CSA Mine. 

3.14. Natural Heritage 
Heritage items within CML5 are managed according to the relevant legislation and guidelines, namely 

the three pieces of legislation governing the conservation of environmental heritage in NSW: the 

National Parks and Wildlife Act 1974, the Heritage Act 1977, and the Environmental Planning and 

Assessment Act 1979. Any heritage assessments required will be conducted in line with the CSC Local 

Environmental Plan (LEP). 

There are no identified species, habitats or ecosystems within CML5 that require particular attention, 

or management, concerning natural heritage. No significant geological and physiographical features 

have been identified on site that is not common throughout the district.  

European heritage sites on CML5 include:  

• Mining quarters 

• “Eloura” 

• The CSA Mine Power House 

3.14.1 Mining Quarters 

The site of a miner’s quarters (old housing estate) which was erected in the 1960s is located on CML5 

approximately 400 m south-west of the administration building. The site once contained five houses 

and one swimming pool; these were removed after mine closure in 1998. The only remaining remnants 



 

58 

 

are the bitumen road, some cleared areas with stockpiles of topsoil, and some garden beds that 

continue to grow exotic garden species.  

3.14.2 “Eloura”  

The “Eloura” site is located 1.5 km from the CSA Mine site. This area shows remnants of old rock 

gardens and buildings. It is understood that most of the older buildings were removed during mine 

upgrades in the 1950s and 1960s. There are some remains of human settlement, including scattered 

broken glass, ceramics, tin and some intact ornate brick and rock garden beds. The uppermost corner 

of the site is located within CML5; however, the majority of the site is on the property ‘Gattaca’ on 

land not owned or managed by the CSA Mine.  

3.14.3 The CSA Mine Power House 

The CSA Mine powerhouse contains five HSF8 Mirrlees diesel engines, manufactured in 1951 by 

Mirrlees, Bickerton and Day in Stockport, England. These engines provided the main power supply for 

the CSA Mine from the early 1960s, when they were relocated to Cobar from Kempsey, until Cobar 

was connected to the State power grid in 1966. The five engines represent excellent examples of 

medium sized stationary engines of the mid-20th century and combined with the brush alternators 

they are an increasingly rare example of turbocharged technology fitted to diesel engines, a technology 

previously used to provide power in rural Australia. The powerhouse building and engines are not listed 

on any statutory heritage registers (NSW State Heritage Register, CSC LEP or the Commonwealth 

Heritage List).  
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Figure 15 - Map of identified Aboriginal significant sites. 
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Figure 16 - Map of identified Aboriginal and historic significant sites. 
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3.15. Spontaneous Combustion 
History has shown that there are no items that pose a high direct risk of spontaneous combustion at 

the CSA Mine. Two minor incidents have been recorded since reopening the CSA Mine in 1999. Both 

incidents occurred on surface and involved smouldering Cu concentrate at the mill. Mineralogical 

assessment of the concentrate at the time failed to identify any contributing factors for these 

incidents. Whilst some of the CSA Mine Cu concentrate has shown signs of spontaneous combustion,  

it is considered a minor risk, and has not occurred on site in a number of years. Spontaneous 

combustion is easily prevented by regular hosing down, clean-up and stockpile management including 

stock rotation. 

3.16. Bushfire 
No fires have been recorded on site in the past and as a result of the prolonged drought and minimal 

groundcover, the current threat is quite low. To reduce the risk of fire, firebreaks are maintained 

around the perimeter of the operational and infrastructure areas. No open fires are permitted on site 

for land clearing or firebreaks, except in accordance with a bushfire hazard reduction certificate issued 

by local council. All total fire bans are observed. Hot work permits are mandatory on site for all work 

performed outside workshops (and other designated areas) that could generate a flame, fire, heat or 

sparks. This could include (but is not limited to) welding, soldering, thermal cutting/heating, grinding, 

use of electric power tools or lighting fires. 

All on site staff are inducted and educated on the dangers of fire. They are trained in the location and 

correct use of fire extinguishers and hydrants in their work areas. The Cobar Rural Fire Brigade is 

situated on the north side of town and can be at the CSA Mine site within 15 minutes to respond to 

any surface vegetation fires. The CSA Mines Rescue Team is equipped and trained to assist in the event 

of bushfires on or near the mining lease. In addition to this, CSA Mine transitioned to a smoke free site 

in 2017 and is still continue to be smoke free. The potential of smoking causing bushfires is very 

minimal because of the smoke free policy on CSA Mine site. 

3.17. Mine Subsidence 
The CSA Mine subsidence zone is located over 1 km from the current stoping and development 

activities. The activity in the identified subsidence zone occurred prior to the CSA Mine’s current 

operation of the mine; hence the area is excised from the mining lease. It is very unlikely that there 

will be another failure through to the surface due to the current mining operation being significantly 

deeper in the mine and much more advanced in the mining technique and ground support used today. 

The only open void of concern is located underground at 4 Level (9860 RL) just off the main decline. 
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This underground stope has been open for approximately 20 years and is monitored periodically. There 

have been no changes to the void recorded during the past 10 years.  

The current backfilling method is a combination of Cement Paste Backfill (CPB), Cement Rock Fill (CRF) 

and waste rock fill (WRF). The method is to fill all voids created by stope extraction. Stope voids which 

are going to be exposed again by the stope extraction activities adjacent to them are filled by placing 

an engineered plug or beam of material, generally 10-15 m high, of a strength suitable to support  

exposure again, currently 11% CPB and then filling the remaining void with 4% CPB. If only one side of 

the stope void is to be exposed by the next stope then WRF or CRF can be placed in the non-exposed 

side of the void creating what is termed co-disposal. Stope voids that are not going to be exposed are 

filled with a CPB ‘plug’ followed by WRF. The top down mining method used at the CSA Mine requires 

that a CPB ‘plug’ be placed at the bottom of stope voids to allow development back through the bottom 

of the stopes for the extraction of the stopes below. If there are no stopes planned below a stope void 

then the void is completely WRF.  

Given these backfilling methods, it is considered that the likelihood of any underground voids 

undergoing an uncontrolled failure and propagating to the surface is extremely unlikely. 

3.18. Hydrocarbon Contamination 
Hydrocarbon storage, handling and disposal are carried out in accordance with the CSA Mine Chemical 

and Hydrocarbon Storage and Disposal Procedure (PRO-159) developed in compliance with all relevant 

Dangerous Goods legislation, WorkCover Codes of Practice, and applicable Australian Standards.  

Spill kits are available at various locations around the site, and staff and contractors are trained in the 

use of such kits during site inductions. Hydrocarbon contaminated soils are removed and disposed of 

in the STSF.  

During 2020, two minor spillage of hydrocarbons were observed. Monthly inspections of all 

hydrocarbon areas are conducted to ensure that storage and handling of hydrocarbons is done in line 

with legislation and site approvals. 

3.19. Methane Drainage/Ventilation 
Deep exploration and infill diamond drilling within the underground mine occasionally encounters a 

flammable gas mixture comprising hydrogen (approximately 75%) and methane (approximately 25%). 

Such occurrences are occasional, short term (hours to several days) and of a small magnitude. Gas 

levels are generally undetectable or at trace levels when measured in the exhaust airway. The minimal 
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amounts of gas that may occur in the mine are released, with all other underground air exhausted, via 

the Main Return Air Ways (RAW) on surface RAR #1 and RAR#2. These releases are highly unlikely to 

have any reportable detrimental effect on the environment, if any at all, due to the minuscule levels 

encountered and the dilution of any contaminants with the surface air mass. 

All localised and short-term safety implications at the CSA Mine site are managed as per the CSA Mine 

Underground Flammable Gas Management Plan (MHP-003) under the guidance of the mine 

Ventilation Control Plan.  

Ventilation in the underground mine is managed through the Mine Ventilation System. This system 

circulates fresh air through the underground workings in order to: 

 

• Supply breathable, oxygenated air to underground personnel and active work areas; 

• Remove dust, fumes, toxic and flammable gases from the underground environment (through 

return airways) and; 

• Cool working areas by exhausting heat generated by the surrounding rock mass and diesel 

equipment. 

 

3.20. Public Safety 
The CSA Mine site is clearly signposted on the main access road and is fenced to prevent accidental 

entry. The main entry area is subject to high security gates and an electronic tag entry system. The CSA 

Mine ensures no activities permitted on the lease interfere with or damage fences and that all gates 

within the lease areas are closed or left open in accordance with the requirements of the landholder. 

The boundary fences are signposted and monitored regularly for damage or any sign of intrusion.  

All persons entering the site must undergo a site induction. Employees and contractors complete (at a 

minimum) a general surface induction, with additional inductions also completed for specific work 

areas (e.g. underground). All visitors, delivery drivers or short-term contractors are inducted through 

the CSA Mine visitor induction program. They are required to conform to site PPE requirements and 

are accompanied on site at all times by a fully inducted representative.  

3.21. Other Issues and Risks 
CMPL maintain a detailed internal incident database for the recording of all incidents reported on site. 

All workers and contractors are trained in incident reporting as part of the site induction program. An 

online event report is submitted following any environmental incident, personal injury, property loss 

or damage, hazards and near misses. The degree of reporting undertaken by the CSA Mine is much 
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greater than is statutorily required, and the general culture at the CSA Mine is a preference to reporting 

everything over under reporting. The majority of environmental incidents generally involve leaks and 

spills, which are reported regardless of whether they are contained in a bund or not, and regardless of 

the volume or type of material spilt (e.g. tailings, process water, oil and backfill). 

4. COMMUNITY RELATIONS 
The CSA Mine is an owner-operated mine currently employing 491 permanent staff (including 20 

apprentices) and on average 250 contractors. The mine operates on a 24-hour basis, 365 days a year. 

The majority of underground and mill workers do shift work on a seven-on seven-off roster system, 

whilst day staff (management, administration and site services) work 5 days per week. The bulk of the 

CSA Mine workforce lives within the Cobar Township, contributing a considerable flow on economic 

benefit to the local community and local economy. The CSA Mine also hosts visitors from several 

universities for vocational work experience and major projects; during 2020, two students were 

employed at the CSA Mine. 

 

4.1. Environmental Complaints 
In compliance with the CSA Mine’s EPL conditions, the CSA Mine maintains a 24-hour telephone 

pollution complaints line through the CSA Mine reception switchboard. The phone number is 

advertised to the local community via the local newspapers and the White Pages. All environmental 

complaints are directed to the Health, Safety, Environment & Training Team, and are recorded as per 

the CSA Mine Environmental Complaints Procedure and Record Form. No complaints were received 

from the public during 2020. 

4.2. Community Liaison 
Community support is essential in maintaining the CSA Mine’s future operations in Cobar. The CSA 

Mine regularly communicates its operational plans to the local community. This is undertaken through:  

• Ongoing liaison with Cobar Shire Council (CSC);  

• Providing open and honest feedback to the workforce and contracting companies;  

• Local newspaper media releases; and 

• Involvement with key community groups and projects.  

• Regular consultation days. 

During the reporting period, Exploration undertook an airborne Magnetics and Radiometrics 

geophysical survey covering CML5, MPL 1093 and MPL 1094. Community consultation was completed 
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via informative posters and advertisements with information relating to the airborne survey 

parameters, aircraft and company details, survey dates and contact details for any queries from the 

public.  The poster was displayed on notice boards throughout Cobar and an advertisement was placed 

in the Cobar Weekly newspaper for seven weeks leading up to the survey and throughout the duration 

of the program.  In addition to the community consultation regarding the survey, landholders property 

which is overlain by CML5 were contacted via mail and in person to discuss the parameters of the 

survey. Accompanying this, landholders subject to CML5 were also delivered a letter stating CMPL’s 

intention to enter into a Land Access Arrangement.  

4.2.1 Clean Up Australia Day 

In 2020 due to COVID restrictions the cleaned up Australia day was cancelled for the first time after its 

inception for 13 consecutive years. Instead only HSET Department organised cleaning around site every 

second Friday. This project was very effective. 31 bags of general wastes and 20 bags of co-mingled 

recycling wastes were collected from this program on site. Also, extensive contributions have been 

made to CSA’s ongoing Return and Earn container recycling scheme which has generated over $3,500 

to date. 

 4.2.2 Community Contributions 

CMPL contributed $10,848 in donations during 2020; the recipients are shown in Table 28 below. Due 
to the impacts of COVID-19 on Community events throughout 2020, the contributions and sponsorships 
by CMPL were significantly reduced in comparison to previous years. CMPL continued to reward 
employees with Cobar Quids, as part of our Rewards and Recognition Program, which are to be spent 
within the local community.  
 

Table 28 - Donation recipients 2020. 

Local Community Groups Sporting Organisations Local Schools Other 

• Cobar Shire 
 

• Cobar Rodeo Committee 
• Cobar Junior Rugby 

League 
• Cobar Swimming Club 
• Cobar Cricket Club 

• Cobar Public School • GP Housing 
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5. REHABILITATION 
The CSA Mining Lease conditions require land disturbed by mining activities to be rehabilitated to a 

stable and permanent form, which is compatible with the surrounding landscape and suitable for 

future land use requirements. In the following sections, rehabilitation refers to areas that are 

undergoing works to improve the landform, biodiversity and ecosystem function of disturbed areas at 

the CSA Mine. Rehabilitation work usually involves bulk earthworks, such as reshaping and contouring, 

removal of contamination, soil remediation, seeding, and provision of groundcover / erosion control. 

Maintenance refers to ongoing works to preserve previously rehabilitated areas, such as weeding, 

additional seeding, ongoing soil remediation and the provision of groundcover. 

The total area of the CML5 Mining Lease is 2,474 ha, with approximately 350 ha of this allowed for 

disturbance with the CSA Mine surface operations. Of the 350 ha of allowable site disturbance, 138 ha 

of disturbed land is excised from the lease, leaving approximately 212 ha of land that will require  

rehabilitation by the CSA Mine prior to mine closure if all the 212 ha  remaining that is allowed for 

disturbance is exhausted at mine closure. Currently our total disturbance footprint is around 173 ha. 

The CSA Mine is currently in the operational stage of mining, with most surface disturbance already 

taken place and the mine in steady production. All expansion and upgrade works that occurred in 2017, 

2018, 2019 and 2020 are within the existing operational footprint, with the exception of two new 

laydown yard created to house contractor’s machinery, equipment and the new core yard. Figure 17 

shows all existing rehabilitation areas across the CSA Mine site, Figure 18 shows existing rehabilitation 

reference sites and Figure 19 displays the planned rehabilitation trial area for 2021. A summary of 

rehabilitation works to date at the CSA Mine is shown in table 29.  
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Table 29 - Rehabilitation summary. 

 Area Affected/Rehabilitated (hectares) 

 Last Report To Date Next Reported 

( i ) A: Mine Lease Area    

A1 Mine Lease(s) Area 2474.1   

B: Disturbed Areas    

B1 Infrastructure Area 66.1 67.1 72.7 

B2 Active Mining Area 0 0 0 

B3 Waste Emplacements 0 0 0 

B4 Tailings Emplacements 104.9 104.9 104.9 

B5 Shaped Waste Emplacements 0 0 0 

All Disturbed Areas 173 173 173.2 

C: Rehabilitation Progress    

C1 Total Rehabilitated Area (excluding 

maintenance) 
16.5 16.5 16.5 

D: Rehabilitation on Slopes    

D1 10 to 18 Degrees 12.5 12.5 13.5 

D2 Greater than 18 Degrees 4 4 6 

E: Surface of Rehabilitated Land    

E1 Pasture and Grasses 16.5 16.5 16.5 

E2 Native Forest/Ecosystems 0 0 0 

E3 Plantations and Crops 0 0 0 

E4 Other 0 0 0 
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Figure 17 - Existing rehabilitation areas at CSA Mine.  
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Figure 18 - Existing rehabilitation reference sites at CSA Mine. 
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Figure 19 - Planned rehabilitation site for 2020 and 2021 at CSA Mine. 
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5.1. Rehabilitation of Disturbed Areas 
Table 30 summarises the overall performance of all existing rehabilitation sites at CSA Mine for 2020 

against some primary and secondary industry approved performance indicator benchmarks.  

 

5.1.1 Mill Rehabilitation Area 

This site is located directly south of the CSA Mill and was previously contaminated with mine process 

run-off. The contaminated soil was removed in 2007. Some more mature trees of E. populnea and 

Eremophila mitchellii were retained within the site and some have since regenerated. There were a 

variety of volunteer shrubs Senna artemisioides subsp artemisioides, Acacia aneura and Geijera 

parviflora. In 2014 the monitoring site at the Mill rehabilitation area was relocated further downhill to 

capture changes in recent rehabilitation which incorporated deep ripping, application of lime, and 

application of straw mulch followed by seeding of cover crops of Avena fatua (Oats) and native seed 

mix. The area was irrigated by effluent water and fenced to exclude grazing. LFA and vegetation 

transect were aligned along the same transect. The site contained large and deep rip lines with large 

clods of earth containing white salt crystals. The ponded effluent water had initiated algal growth in 

some of the deeper depressions. There were some scattered oats seedlings but generally there was 

no vegetative cover. Several eucalypt seedlings were located but these had recently died. In 2015, it 

was evident that there had been considerable movement of the topsoil layers with the loss of the 

protruding banks/soil clods and sedimentation occurring within the depressions. There were small 

scattered clumps of Chloris truncata (Windmill Grass) as a result of seed application, and the occasional 

oat plant has established within remnant rip lines. Proganics, an organic growth medium, was also 

applied to the area in random pockets. There were seedlings of several unknown species of eucalypts 

establishing in ponded irrigated depressions. In 2016 there was a dramatic improvement with the site 

having an abundance of ground cover vegetation with many native shrubs tree and shrub seedlings 

establishing. In 2017 the ground covers had mostly died off but there were pockets of Lactuca serriola 

(Prickly Lettuce) in depressions. Persisting eucalypts have grown significantly but some leaves appear 

to be burnt possibly from heavy metal toxicity. Tops of the soil mounds remain bare. In 2018, many 

shrubs had died while the remainder had significantly grown. Dead leaf litter had accumulated in 

depressions.  Tops of the soil mounds mostly remain bare and there was some cryptogam cover. In 

2019, there was further shrub mortality and persisting shrubs were very stressed. There has been 

further loss of and deterioration of the litter and cryptogam patches, and there was limited live ground 

cover.  In 2020 there was a declining trend in patch area despite the improved seasonal conditions. 

Photos for the past years are shown on the next page. 
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                   2018 2019 2020 

 

5.1.2 Over Subsidence (OS) 

This site is situated over an old subsidence area which was built up in the late 1990s. Topsoil stripped 

from the tailings extension area was applied over the area in 2004/05. The area contains an extensive 

pile of large trees, logs and branches which were removed from the tailings extension area. The area 

has not been seeded but in 2011 and 2012 there were scattered shrubs and ground cover species 

establishing amongst the woody debris including E. sturtii, Geijera parviflora, Acacia aneura, Dodonaea 

viscosa subsp. mucronata and D. lobulata. There was a wide range of ground cover species in patches, 

but they provided limited ground cover. Several weed species were also recorded. In 2013, there 

continued to be extensive movement of exposed soils with the log piles providing critical retention. 

Sulfate crystals continued to be evident on the soil surface and feral goats continued to significantly 

impact on any establishing vegetation. There continued to be a relatively high diversity of species, but 

these provided limited ground cover. In 2014, there continued to be further degradation of the site with 

a decline in the diversity and abundance of ground cover as a direct result of grazing. Persisting shrubs 

had grown. In 2015, there continued to be extensive movement on the site with the logs piles appearing 

to be slowly sliding down the slope resulting in extensive erosion and sedimentation of exposed soils.  

Sulfate crystals continued to be evident on the soil surface and feral goats continued to significantly 

impact on establishing vegetation. In 2015 there continued to be a relatively high diversity of species, 

but these provided limited ground cover. In 2016 although there continued to be pockets of annual 

ground covers the site continued to be unstable with active erosion occurring within the bare and 

contaminated interpatch areas. In 2017 the area had been fenced off however it continues to be 

subjected to grazing (gates not closed?). Persisting shrubs have grown but otherwise there was little to 

no live ground cover. The new areas of rehabilitation on the lower batters contained patches of 

cryptogams and scattered shrubs were colonising the area and appear to be performing better than the 

upper slopes, perhaps due to the healthier soil chemistry. In 2018, several more shrubs had died, while 

the remainder had significantly grown, and there was little other apparent change. In 2019, the 

persisting shrubs had grown, however there continued to be extensive movement on the site with the 
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log piles appearing to be slowly sliding down the slope and there was extensive erosion and 

sedimentation of exposed soils. Sulfate crystals continued to be evident on the soil surface. Not much 

change was observed in 2020 

 

                       2018              2019                                                   2020 

 

5.1.3 South Tailings Storage Facility (STSF) 

The lowest batter of the TSF had been rehabilitated using a combination of brush matting of green 

waste and seeded with a native species mix in 2011. Due to the short length of slope, the LFA transect 

was 10m and replicated at an additional 10m interval. The total size of the monitoring quadrat was 

therefore reduced to 10x50m. The site was characterised as having a heavy cover of branches and 

litter material but between these patches the soils were bare, scalded and subjected to erosion. It was 

evident where good quality topsoil had been applied as this tended to be where there was successful 

establishment of shrubs and ground cover plants. Although overall ground covers were relatively low 

in abundance, there was a considerably high diversity of species, including a relatively high number of 

exotic species such as Hedypnois rhagadioloides subsp. cretica (Cretan Weed), Hypochaeris glabra 

(Smooth Catsear), Medicago laciniata (Cut-leaf Medic), Polycarpon tetraphyllum (Four-leaved Allseed) 

and Vulpia myuros (Rat's-tail Fescue). In 2015 recent rainfall resulted in an increase of annual 

wildflowers, especially beneath protective shrub patches, but in exposed areas there continued to be 

erosion of the soils. There continued to be a relatively high diversity of species, but these provided 

limited ground cover. Feral goats continued to have an impact on the establishing vegetation. In 2016 

there was a significant improvement with the site having an abundance of ground cover vegetation 

with many native tree and shrub seedlings establishing. In 2017 the ground covers had mostly died off 

but there continued to be relatively good ground cover in areas where topsoil and annual plants had 

established, but bare patches remain. Persisting shrubs had grown. In 2018, many shrubs had died 

especially on the upper banks while the remainder had grown with many also being very stressed. The 

dead leaf litter patches had deteriorated and there was little to no live ground cover. In 2019, there 

was further shrub mortality and persisting shrubs were very stressed. There has been further loss of 
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and deterioration of the litter and cryptogam patches, and there was limited live ground cover. In 2020 

there has been minor increase in seeding densities which might be attributed to the result of natural 

colonisation from adjacent remnant vegetation and or having germinated from stripped top soil. 

 

                    2018                             2019                                                      2020 

 

5.1.4 Property Vegetation Plan (PVP) Monitoring Sites 
  

2019 Photo-point 2020 Photo-point  

PVP 01: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare 

patches, and occasional litter patches had developed (annual plants had died off). There were occasional large 

deep holes which were probably created with the removal of mature trees. Scattered were scattered seedlings 

of Senna (two species), Geijera parvifolia (Wilga), Eremophila mitchellii (Budda) and E. sturtii (Turpentine). The 

soil was extremely hard. In 2018 there was l ittle l ive ground cover and the l itter and cryptogam patches had 

also deteriorated. Some Calotis spp. had germinated after relatively recent rainfall. Persisting shrubs had 

grown. In 2019, persisting shrubs had grown however there has been further loss of and deterioration of the 

l itter and cryptogam patches, and there was limited l ive ground cover. In 2020 patch area continued to be 

very low ranging from 0 – 14%. 

   

PVP 02: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare 

patches, and occasional litter patches had developed (annual plants had died off).  There were scattered E. 
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2019 Photo-point 2020 Photo-point  

sturtii (Turpentine) seedlings. The soil was extremely hard. In 2018 there was l ittle l ive ground cover and the 

l itter and cryptogam patches had also deteriorated. Some Calotis spp. had germinated after relatively recent 

rainfall. Persisting shrubs had grown. Medicago seed had accumulated in some depressions. In 2019, 

persisting shrubs had grown however there has been further loss of and deterioration of the l itter and 

cryptogam patches, and there was l imited l ive ground cover. In 2020 patch area continued to be very low 

ranging from 0 – 14%. 

   

PVP 03: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare 

patches, and occasional l itter patches had developed (annual plants had died off).  There were scattered 

seedlings of Senna (two species), Eremophila mitchellii (Budda) and E. sturtii (Turpentine). The soil was 

extremely hard. In 2018 there was l ittle l ive ground cover and the l itter and cryptogam patches had also 

deteriorated. Some Calotis spp. had germinated after relatively recent rainfall. Persisting shrubs had grown. 

Medicago seed had accumulated in some depressions. In 2019, persisting shrubs had grown however there 

has been further loss of and deterioration of the l itter and cryptogam patches, and there was limited live 

ground cover. In 2020 patch area continued to be very low ranging from 0 – 14%. 
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5.1.5 Buildings 
No Buildings were rehabilitated during the reporting period. 

 

5.1.6 Other Infrastructure 
During 2020 no old infrastructure was removed from site..  
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5.2. Rehabilitation Trials and Research 
The annual CSA Mine Land Function Analysis (LFA) Trial was conducted during 2020 by DnA 

Environmental consultants to continue with the rehabilitation monitoring designed to provide 

quantified data from rehabilitation and reference sites. The data is used to assess rehabilitation 

outcomes, and to measure compliance with the CSA Mine Rehabilitation Monitoring Methodology and 

Determination of Completion Criteria for Rehabilitation Ecosystems report. The main objective of the 

annual rehabilitation monitoring program is to assess the progress of rehabilitated landforms towards 

fulfilling long-term land use objectives by comparing a selection of ecological targets or completion 

criteria against unmined areas of remnant vegetation (reference sites) that are representative of the 

final land use and vegetation assemblage.  

 

In 2017 three new woodland reference sites were established (Figure 18) within relatively undisturbed 

areas of CMPL owned lands, in an attempt to measure natural variations across the landscape. The 

sites were located in areas unlikely to be disturbed or impacted on by future mining activities and were 

situated near main access tracks or roads. All remnant vegetation and subsequent reference sites have 

been subjected to some form of historic disturbance, in particular clearing, over grazing, erosion and 

“woody weed invasion”.  

 

A Property Vegetation Plan (PVP) has also been in place at CSA Mine since 2015. The PVP involves the 

selective clearing of ~40ha of invasive native species (INS) to encourage floristic diversity. The PVP 

areas are included in the annual rehabilitation monitoring plan to determine the efficacy of selective 

clearing as a rehabilitation strategy.  

 

Results of the 2020 LFA Rehabilitation Monitoring are displayed in Table 30. This table highlights 14 

Key Performance Indicators (KPI’s) to determine the success of rehabilitation conducted on site and 

assess if a rehabilitation site has successfully met the desired KPI targets or not. The complete LFA 

Rehabilitation Monitoring Report for 2020 is provided in Appendix 8 and can be referred to for further 

detail on the rehabilitation monitoring methodology used and the determination of completion criteria 

for rehabilitated ecosystems. 

5.3. Further Development of the Final Rehabilitation Plan 
The CSA Mine Rehabilitation cost estimate was updated in 2018 and the scientific rationale behind 

some of the closure strategies updated in regards to cover material and use of organic material. All 

future rehabilitation planned for CSA Mine, is intended to test this rationale and confirm if the closure 
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strategy is applicable. As discussed previously the disturbance area of CSA Mine is quite small in 

relative to the operations and the vast majority of potential rehabilitation areas are critical to support 

current mining activities. Following the Stage 9 STSF wall raise the opportunity to provide a significant 

area on where rehabilitation trials can be carried out is being investigated. At present CSA Mine is still 

more than 10 years away from closure with the current MOP expiring in 2022. The final rehabilitation 

plan will be further addressed in subsequent MOP’s. 
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Table 30 - Performance of the rehabilitation monitoring sites against primary and secondary ecological performance indicators in 2020. 

Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Performance indicators are quantified by the range of values obtained from replicated reference sites in 2020 2020 2020 2020 
Lowe

r  

Uppe

r 
2020 2020 2020 2020 2020 2020 

Phase 2: 

Landform 

establishmen

t and stability 

Landform 

slope, 

gradient 

Landform 

suitable for 

final land use 

and generally 

compatible 

with 

surrounding 

topography 

Slope 

Landform is 

generally 

compatible 

within the 

context of 

the local 

topography.  

  Degrees (<14°) 2 1 2 1 2 2 10 7 1 0 0 

Active 

erosion 

Areas of 

active 

erosion are 

limited 
No. 

Rills/Gullies 
  

Number of 

gullies or rills 

>0.3m in 

width or 

depth in a 

50m transect 

are limited 

and 

stabilising 

No. 0 0 0 0 0 0 0 0 0 0 0 

Cross-

sectional 

area of rills 

Provides an 

assessment 

of the extent 

of soil loss 

due to gully   

m2 0 0 0 0 0 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

and rill 

erosion and 

that it is 

limited 

and/or is 

stabilising 

Phase 3: 

Growth 

medium 

development 

Soil 

chemical, 

physical 

properties 

and 

amelioratio

n 

Soil 

properties 

are suitable 

for the 

establishmen

t and 

maintenance 

of selected 

vegetation 

species 

pH 

pH is typical 

of that of the 

surrounding 

landscape or 

falls within 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

  pH (5.6-7.3) 5.4 6.9 6.1 5.4 6.9 6.8 8.3 3.8 5.3 5.1 5.6 

EC   

Electrical 

Conductivity 

is typical of 

that of the 

surrounding 

landscape or 

fall within 

desirable 

ranges 

< dS/cm 

(<0.150) 

0.01

3 

0.03

3 

0.01

9 
0.013 0.033 1.038 

0.25

0 

1.90

9 

0.15

0 

0.26

8 

0.04

4 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

provided by 

the 

agricultural 

industry 

 

Organic 

Matter 

Organic 

Carbon levels 

are typical of 

that of the 

surrounding 

landscape, 

increasing or 

fall within 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

  % (>4.5) 1.7 1.8 1.9 1.7 1.9 2.9 1.9 2.1 3.2 2.0 1.9 

Phosphorous 

Available 

Phosphorus is 

typical of that 

of the 

surrounding 

landscape or 

fall within 

  mg/kg (50) 12.9 11.4 14.4 11.4 14.4 123.3 8.2 16.6 14.1 18.0 12.5 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

 

Nitrate   

Nitrate levels 

are typical of 

that of the 

surrounding 

landscape or 

fall within 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

mg/kg (>12.5) 0.5 0.7 0.5 0.5 0.7 43.5 0.8 
108.

1 
50.0 50.9 6.2 

CEC   

Cation 

Exchange 

Capacity is 

typical of that 

of the 

surrounding 

landscape or 

 Cmol+/kg (>14) 3.9 10.4 6.7 3.9 10.4 22.6 23.1 17.5 8.1 7.3 5.9 



 

83 

 

Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

fall within 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

ESP   

Exchangeable 

Sodium 

Percentage (a 

measure of 

sodicity) is 

typical of that 

of the 

surrounding 

landscape or 

fall within 

desirable 

ranges 

provided by 

the 

agricultural 

industry 

% (<5) 1.1 0.1 0.9 0.1 1.1 1.0 0.4 0.3 0.5 1.7 0.5 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Phase 4: 

Ecosystem & 

Land Use 

Establishmen

t 

Landscape 

Function 

Analysis 

(LFA): 

Landform 

stability and 

organisation 

Landform is 

stable and 

performing 

as it was 

designed to 

do 

LFA Stability 

LFA stability 

index 

provides an 

indication of 

the sites 

stability and 

that it is 

comparable 

to or trending 

towards that 

of the local 

remnant 

vegetation 

 

  % 61.1 66.3 59.3 59.3 66.3 52.3 59.7 52.7 50.2 49.5 52.8 

LFA 

Landscape 

organisation  

The 

Landscape 

Organisation 

Index 

provides a 

measure of 

the ability of 

the site to 

retain 

resources 

and that it is 

comparable 

  % 83 100 66 66 100 42 65 31 14 0 14 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

to that of the 

local remnant 

vegetation 

 

Vegetation 

diversity 

Vegetation 

contains a 

diversity of 

species 

comparable 

to that of the 

local remnant 

vegetation 

Diversity of 

shrubs and 

juvenile 

trees  

The diversity 

of shrubs and 

juvenile trees 

with a stem 

diameter 

<5cm is 

comparable 

to that of the 

local remnant 

vegetation. 

 

 

  species/area 7 9 13 7 13 15 13 9 6 1 5 

The 

percentage of 

shrubs and 

juvenile trees 

with a stem 

diameter 

<5cm dbh 

which are 

local endemic 

species, and 

  % population 100 100 100 100 100 100 100 100 100 100 100 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

these 

percentages 

are 

comparable 

to the local 

remnant 

vegetation 

Total species 

richness 
  

The total 

number of 

live plant 

species 

provides an 

indication of 

the floristic 

diversity of 

the site and is 

comparable 

to the local 

remnant 

vegetation 

 

No./area 37 55 58 37 58 40 53 51 36 19 32 

Native 

species 

richness 

  

The total 

number of 

live native 

plant species 

provides an 

>No./area 36 48 56 36 56 28 41 44 34 18 30 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

indication of 

the native 

plant 

diversity of 

the site and 

that it is 

greater than 

or 

comparable 

to the local 

remnant 

vegetation 

Exotic 

species 

richness 

The total 

number of 

live exotic 

plant species 

provides an 

indication of 

the exotic 

plant 

diversity of 

the site and 

that it is less 

than or 

comparable 

to the local 

  <No./area 1 7 2 1 7 12 12 7 2 1 2 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

remnant 

vegetation 

Vegetation 

density 

Vegetation 

contains a 

density of 

species 

comparable 

to that of the 

local remnant 

vegetation 

Density of 

shrubs and 

juvenile 

trees 

The density 

of shrubs or 

juvenile trees 

with a stem 

diameter < 

5cm is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 139 115 79 79 139 254 282 53 62 10 78 

Ecosystem 

composition 

The 

vegetation is 

comprised by 

a range of 

growth forms 

comparable 

to that of the 

local remnant 

vegetation 

Trees 

The number 

of tree 

species 

regardless of 

age 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 2 4 5 2 5 2 2 1 1 1 1 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Shrubs 

The number 

of shrub 

species 

regardless of 

age 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 7 8 12 7 12 13 11 8 7 1 5 

Sub-shrubs   

The number 

of sub-shrub 

species 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

No./area 5 6 5 5 6 0 5 6 4 3 5 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Herbs 

The number 

of herbs or 

forb species 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 19 30 27 19 30 17 32 32 21 13 19 

Grass 

The number 

of grass 

species 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 3 6 8 3 8 8 3 3 3 1 2 

Vines   

The number 

of vines or 

climbing 

species 

No./area 1 1 0 0 1 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

Ferns   

The number 

of ferns 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

No./area 0 0 1 0 1 0 0 1 0 0 0 

Reeds   

The number 

of reed 

species 

comprising 

the 

vegetation 

community is 

comparable 

No./area 0 0 0 0 0 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

to that of the 

local remnant 

vegetation 

      

Parasite   

The number 

of parasitic 

species 

comprising 

the 

vegetation 

community is 

comparable 

to that of the 

local remnant 

vegetation 

No./area 0 0 0 0 0 0 0 0 0 0 0 

Phase 5: 

Ecosystem & 

Land Use 

Sustainability 

Landscape 

Function 

Analysis 

(LFA): 

Landform 

function and 

ecological 

performanc

e 

Landform is 

ecologically 

functional 

and 

performing 

as it was 

designed to 

do 

LFA 

Infiltration 

LFA 

infiltration 

index 

provides an 

indication of 

the sites 

infiltration 

capacity and  

is 

comparable 

to or trending 

towards that 

  % 21.6 35.1 28.3 21.6 35.1 24.8 33.4 18.3 18.2 18.9 20.8 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

of the local 

remnant 

vegetation 

LFA Nutrient 

recycling 

LFA nutrient 

recycling 

index 

provides an 

indication of 

the sites 

ability to 

recycle 

nutrient and 

that it is 

comparable 

to or trending 

towards that 

of the local 

remnant 

vegetation 

  % 23.6 37.5 30.4 23.6 37.5 20.8 29.5 17 13.6 17.2 20.1 

Protective 

ground 

cover 

Ground layer 

contains 

protective 

ground cover 

and habitat 

structure 

Litter cover   

Percent 

ground cover 

provided by 

dead plant 

material is 

comparable 

% 11 22 23.5 11 23.5 21 21 25 5.5 3 3.5 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

comparable 

with the local 

remnant 

vegetation 

to that of the 

local remnant 

vegetation 

Annual 

plants 
  

Percent 

ground cover 

provided by 

live annual 

plants is 

comparable 

to that of the 

local remnant 

vegetation 

% 0.5 39.5 20 0.5 39.5 3 21 8 21.5 25.5 14.5 

Cryptogam 

cover 
  

Percent 

ground cover 

provided by 

cryptogams 

(e.g. mosses, 

lichens) is 

comparable 

to that of the 

local remnant 

vegetation 

% 58.5 18 45 18 58.5 0.0 0.5 0 3 0 10.5 

Rock   

Percent 

ground cover 

provided by 

stones or 

% 0 0 0 0 0 1 7.5 2 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

rocks (> 5cm 

diameter) is 

comparable 

to that of the 

local remnant 

vegetation 

Log   

Percent 

ground cover 

provided by 

fallen 

branches and 

logs (>5cm) is 

comparable 

to that of the 

local remnant 

vegetation 

% 0 0 1 0 1 0 9 23.5 2.5 0 0 

Bare ground   

Percentage of 

bare ground 

is less than or 

comparable 

to that of the 

local remnant 

vegetation 

 

< % 27.5 8 6 6 27.5 56 34 34.5 63.5 71.5 65 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Perennial 

plant cover 

(< 0.5m) 

Percent 

ground cover 

provided by 

live perennial 

vegetation 

(<0.5m in 

height) is 

comparable 

to that of the 

local remnant 

vegetation 

  % 2.5 12.5 4.5 2.5 12.5 19 7 7 4 0 6.5 

Total Ground 

Cover 

Total 

groundcover 

is the sum of 

protective 

ground cover 

components 

(as described 

above) and 

that it is 

comparable 

to that of the 

local remnant 

vegetation 

  % 72.5 92 94 72.5 94 44 66 65.5 36.5 28.5 35 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Ground 

cover 

diversity 

Vegetation 

contains a 

diversity of 

species per 

square meter 

comparable 

to that of the 

local remnant 

vegetation 

Native 

understorey 

abundance 

  

The 

abundance of 

native 

species per 

square metre 

averaged 

across the 

site provides 

an indication 

of the 

heterogeneit

y of the site 

and that it 

has more 

than or an 

equal 

number of 

native 

species as the 

local remnant 

vegetation 

> species/m2 2.6 7 8.2 2.6 8.2 1 3.8 3.2 5 3.4 4.2 

Exotic 

understorey 

abundance 

  

The 

abundance of 

exotic species 

per square 

metre 

< species/m2 0 1.2 0.6 0 1.2 0 3 0 0.4 0.2 0.2 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

averaged 

across the 

site provides 

an indication 

of the 

heterogeneit

y of the site 

and that it 

has less than 

or an equal 

number of 

native 

species as the 

local remnant 

vegetation 

Native 

ground 

cover 

abundance 

Native 

ground cover 

abundance is 

comparable 

to that of the 

local remnant 

vegetation 

Percent 

ground cover 

provided by 

native 

vegetation 

<0.5m tall 

The percent 

ground cover 

abundance of 

native 

species 

(<0.5m in 

height) 

compared to 

exotic species 

is 

comparable 

  % 100 75.3 90.5 75.3 100 100 47.2 100 94.6 87.1 94.4 



 

99 

 

Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

to that of the 

local remnant 

vegetation  

Ecosystem 

growth and 

natural 

recruitment 

The 

vegetation is 

maturing 

and/or 

natural 

recruitment 

is occurring 

at rates 

similar to 

those of the 

local remnant 

vegetation 

shrubs and 

juvenile 

trees      0 - 

0.5m in 

height 

The number 

of shrubs or 

juvenile trees 

less than 

0.5m in 

height 

provides an 

indication of 

establishmen

t success 

and/or 

natural 

ecosystem 

recruitment 

and that it is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 76 41 16 16 76 86 99 39 45 2 16 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

shrubs and 

juvenile 

trees 0.5 - 

1m in height 

  

The number 

of shrubs or 

juvenile trees 

0.5-1m in 

height 

provides an 

indication of 

establishmen

t success, 

growth 

and/or 

natural 

ecosystem 

recruitment 

and that it is 

comparable 

to that of the 

local remnant 

vegetation 

No./area 14 42 21 14 42 110 94 7 13 3 36 

shrubs and 

juvenile 

trees 1 - 

1.5m in 

height 

  

The number 

of shrubs or 

juvenile trees 

1-1.5m in 

height 

provides an 

indication of 

No./area 30 19 15 15 30 38 73 2 2 4 19 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

establishmen

t success, 

growth 

and/or 

natural 

ecosystem 

recruitment 

and that it is 

comparable 

to that of the 

local remnant 

vegetation 

shrubs and 

juvenile 

trees 1.5 - 

2m in height 

  

The number 

of shrubs or 

juvenile trees 

1.5-2m in 

height 

provides an 

indication of 

establishmen

t success, 

growth 

and/or 

natural 

ecosystem 

recruitment 

No./area 18 3 7 3 18 6 15 3 2 1 7 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

and that it is 

comparable 

to that of the 

local remnant 

vegetation 

shrubs and 

juvenile 

trees >2m in 

height 

The number 

of shrubs or 

juvenile trees 

>2m in height 

provides an 

indication of 

establishmen

t success, 

growth 

and/or 

natural 

ecosystem 

recruitment 

and that it is 

comparable 

to that of the 

local remnant 

vegetation 

  No./area 1 10 20 1 20 14 1 2 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Ecosystem 

structure 

The 

vegetation is 

developing 

vertical 

structure and 

complexity 

comparable 

to that of the 

local remnant 

vegetation 

Foliage cover         

0.5 - 2 m 

Projected 

foliage cover 

provided by 

perennial 

plants in the 

0.5 - 2m 

vertical 

height 

stratum 

indicates the 

community 

structure is 

comparable 

to that of the 

local remnant 

vegetation 

  % cover 4 12 9 4 12 2 10 7 3 0 5 

Foliage cover              

2 - 4m 
  

Projected 

foliage cover 

provided by 

perennial 

plants in the 

2 - 4m 

vertical 

height 

stratum 

indicates the 

% cover 4 0 14 0 14 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

community 

structure is 

comparable 

to that of the 

local remnant 

vegetation 

Foliage cover              

4 - 6m 
  

Projected 

foliage cover 

provided by 

perennial 

plants in the 

4 -6m vertical 

height 

stratum 

indicates the 

community 

structure is 

comparable 

to that of the 

local remnant 

vegetation 

% cover 0 3 16 0 16 0 0 0 0 0 0 

Foliage cover 

>6m 

  

Projected 

foliage cover 

provided by 

perennial 

plants > 6m 

% cover 0 18 8 0 18 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

vertical 

height 

stratum 

indicates the 

community 

structure is 

comparable 

to that of the 

local remnant 

vegetation 

Tree 

diversity 

Vegetation 

contains a 

diversity of 

maturing tree 

and shrubs 

species 

comparable 

to that of the 

local remnant 

vegetation 

Tree 

diversity 
  

The diversity 

of trees or 

shrubs with a 

stem 

diameter 

>5cm is 

comparable 

to the local 

remnant 

vegetation. 

Species used 

in 

rehabilitation 

will be 

endemic to 

the local area 

species/area 4 6 7 4 7 1 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

The 

percentage of 

maturing 

trees and 

shrubs with a 

stem 

diameter 

>5cm dbh 

which are 

local endemic 

species, and 

these 

percentages 

are 

comparable 

to the local 

remnant 

vegetation 

  % 100 100 100 100 100 100 0 0 0 0 0 

Tree density Vegetation 

contains a 

density of 

maturing tree 

and shrubs 

species 

comparable 

to that of the 

Tree density 

The density 

of shrubs or 

trees with a 

stem 

diameter > 

5cm is 

comparable 

to that of the   

No./area 20 12 34 12 34 4 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

local remnant 

vegetation 

local remnant 

vegetation 

Average dbh   

Average tree 

diameter of 

the tree 

population 

provides a 

measure of 

age, (height) 

and growth 

rate and that 

it is trending 

towards that 

of the local 

remnant 

vegetation. 

cm 12 21 10 10 21 6 0 0 0 0 0 

Ecosystem 

health 

The 

vegetation is 

in a condition 

comparable 

to that of the 

local remnant 

vegetation. 

Live trees 

The 

percentage of 

the tree 

population 

which are live 

individuals, 

and that the 

percentage is 

comparable 

  % population 70.0 91.7 91.2 70 92 100 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

to the local 

remnant 

vegetation 

Healthy trees 

The 

percentage of 

the tree 

population 

which are in 

healthy 

condition and 

that the 

percentage is 

comparable 

to the local 

remnant 

vegetation 

  % population 10 8.3 5.9 6 10 0 0 0 0 0 0 

Medium 

health 
  

The 

percentage of 

the tree 

population 

which are in a 

medium 

health 

condition and 

that the 

percentage is 

% population 40.0 50.0 61.8 40 62 100 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

comparable 

to the local 

remnant 

vegetation 

Advanced 

dieback 
  

The 

percentage of 

the tree 

population 

which are in a 

state of 

advanced 

dieback and 

that the 

percentage is 

less than or 

comparable 

to the local 

remnant 

vegetation 

<% population 20.0 33.3 23.5 20 33 0 0 0 0 0 0 

Dead Trees   

The 

percentage of 

the tree 

population 

which are 

dead (stags), 

and that the 

<% population 30 8.3 8.8 8 30 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

percentage is 

less than or 

comparable 

to the local 

remnant 

vegetation 

Mistletoe   

The 

percentage of 

the tree 

population 

which have 

mistletoe 

provides an 

indication of 

community 

health and 

habitat value 

and that the 

percentage is 

comparable 

to the local 

remnant 

vegetation 

% population 5.0 8.3 0.0 0 8 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

Flowers/fruit

: Trees 

The presence 

of 

reproductive 

structures 

such as buds, 

flowers or 

fruit provides 

evidence that 

the 

ecosystem is 

maturing, 

capable of 

recruitment 

and can 

provide 

habitat 

resources 

comparable 

to that of the 

local remnant 

vegetation 

  % population 10 33.3 14.7 10 33 0 0 0 0 0 0 

Hollows   

The 

percentage of 

the tree 

population 

which have 

% population 0.0 0.0 2.9 0 3 0 0 0 0 0 0 
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Rehabilitatio

n Phase 

Aspect or 

ecosystem 

component 

Completion 

criteria 

Performance 

Indicators 

Primary 

Performance 

Indicators 

Description 

Secondary 

Performance 

Indicators 

Description 

Unit of 

measurement 

(desirable) Re
f 0

1 

Re
f 0

2 

Re
f 0

3 

Box Woodland 

ecosystem KPI 

range 2020 

Mill 

2 
TSF OS PVP1 PVP2 PVP3 

hollows 

provides an 

indication of 

the habitat 

value and 

that the 

percentage is 

comparable 

to the local 

remnant 

vegetation 
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5.4. Rehabilitation Status Summary 
Presently the rehabilitation sites have low total ground cover and there is a lack of or low abundance 

of cryptogams which may be linked to the relative structural instability, as the results of the soil 

analyses continue to indicate adverse soil chemistry and high levels of salts and heavy metals. The 

levels of contaminants have also increased in the PVP areas probably as a result of wind-borne dust, 

suggesting improved dust suppression management is required. At Mill 2, the area has very high levels 

of salts and heavy metal contaminants as it  continues to be subjected to run-off from the processing 

mill and is unlikely to improve in the short-term without significant intervention. 

The OS rehabilitation site requires additional amelioration via methods such as capping and/or 

placement of healthy topsoil. Previous trials at CSA indicated that soil contaminants are capable of 

leaching upward via capillary processes and requires intervention. This may include the capping of the 

contaminated soils with NAF waste rock, use of geotechnical fabric and/or clay capping followed by 

the placement of ‘healthy topsoil’. Trials and liaison with other local mines or geotechnical experts to 

determine outcomes of any similar trials or treatments is recommended. Complete removal of 

unsuitable surface material and its replacement with more suitable topsoil material may also be a 

viable option in some areas where this is possible. 

 

Testing of waste rock materials and topsoils prior to application on rehabilitation areas should also be 

undertaken to ensure suitable substrates are used prior to spreading onto rehabilitation areas. The 

TSF sites and areas on the lower batters of the wider OS area appear to be establishing well with large 

pockets of cryptogams becoming established thus indicating suitable soil conditions and these are 

stable and appear to be developing well. There were also scattered shrub seedlings voluntarily 

establishing across the site, however soil contamination may be an ongoing issue which will require 

monitoring. The addition of Large Woody Debris (LWD) and brush matting is encouraged it need not 

be in such high densities such as those on OS. 

 

Many of the targets associated with structural complexity and ground cover composition were also 

not met and these are related to low tree and shrub densities and low levels of perennial ground 

covers. While these are in part due of the relatively young age of the rehabilitation areas, these 

attributes could be improved via the implementation of a seeding program after suitable substrate 

management has been achieved, which should aim to provide species which will mimic the reference 

sites once they have become established. While many rehabilitation areas have been naturally 

regenerating, rehabilitation outcomes could be improved by applying a selection of local native tree, 

shrub, herb and grass seed and a seed collection program should be considered.  
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The long-term success of the woodland rehabilitation and its ability to meet completion targets will 

largely depend on the capacity of the native perennial plants to drive the ecological function and 

integrity of the rehabilitated sites. The establishment of native perennial plants in rehabilitation sites 

should therefore be a primary rehabilitation objective. Due to clearing and over grazing, many native 

colonising species have become established in uncharacteristically high densities in the Cobar 

rangelands and are referred to as Invasive Native Species (INS). However, habitat traits of INS could be 

used to accelerate the development of woodland rehabilitation communities, providing the sites 

remain free from ongoing disturbances. Site stabilisation and recovery may be fast tracked by applying 

high seeding densities of short-lived colonising species such acacia, senna and dodonaea combined 

with lower seeding densities of long-lived eucalypt and callitris species.  

 

Other later successional species such as native perennial grasses and ground covers should also be 

included, however many are likely to establish voluntarily from the soil seed bank and/or other natural 

dispersal mechanisms. Colonising species will naturally decline from the community once the site has 

reached a particular successional stage; however it is crucial the areas remain free from ongoing 

disturbances such as unmanaged grazing, therefore exclusion fencing is required. Additional ecological 

targets and conservation objectives can be achieved by introducing missing structural components, 

such as tree hollows for nesting sites in order to satisfy completion criteria targets where required. 

 

The PVP program aimed to improve floristic diversity by reducing the impacts of Invasive Native Scrub 

(INS). The program aimed to create minimal ground disturbance, whilst retaining non-INS species. The 

plan also aimed to preserve biodiversity by ensuring that patches of large trees, drainage lines etc. are 

retained. Intensive monitoring of the PVP sites over the past four years has indicated that extensive 

disturbance of the remnant woodland via direct clearing has occurred, thus significantly reducing the 

structural complexity and diversity of the local woodland vegetation.  The large-scale clearing has not 

only removed colonising shrubs but also mature habitat trees, ground cover plants and a range of 

organic material, which are vital in creating protective microclimates, buffering against extremes in 

temperatures and providing germination niches. In addition, the clearing process has also resulted in 

the reduction in the cover abundance and diversity of ground cover plants and subsequently has 

resulted in a net loss of biodiversity and ecological function.  

 

The loss of plants and organic materials has led to the development of particularly hard and compacted 

soils which have a limited ability to support plant establishment of desirable grass species, particularly 
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when there is a lack of extant populations from which seeding material is required. The disturbance 

created has only encouraged a new generation of INS species, with scattered Eremophila and senna 

species already establishing across the disturbed areas and continued overgrazing and disturbances 

created by feral animals will limit the potential for herbaceous ground covers to establish. 

 

The soils in the PVP sites continue to be extremely hard and compacted (amongst the hardest soils we 

have ever encountered), and while cryptogams had begun to establish in pockets however these were 

also being impacted on by animal tracks and overgrazing and few were recorded this year. While three 

years of drought has probably decreased the recovery rates of these cleared areas, they remain 

exposed to unmanaged grazing especially by feral goats. The impacts of grazing on the recovery of PVP 

cleared areas could be quantified via the establishment of grazing exclusion fences (~50x 20m) in PVP 

cleared areas.  

 

Fencing which aims to exclude grazing by feral goats from all sensitive rehabilitation areas, in 

conjunction with controlling the goat populations in the local area should continue to be a high 

management priority.  

 

5.5. Rehabilitation plans for the next reporting period 
Exclusion of grazing from the rehabilitation sites and the addition of rock and organic materials such 

as woody material and straw/hay products has immediately increased the patch area and ecological 

function of the rehabilitation sites, and this has been demonstrated by the monitoring data. The long-

term sustainability of rehabilitated communities, however, will require the successful establishment 

of native perennial vegetation including a diversity of native trees, shrubs, grasses and herbs, in 

densities similar to the local woodland communities and require suitable substrates and healthy soil 

chemistry. Successful woodland rehabilitation at CSA may be achieved by implementing some 

important revegetation strategies which include: 

• Test waste rock materials and soils prior to application on rehabilitation areas; 
• Implement topsoil stockpile management strategies, to ensure “healthy” topsoil is 

protected and used appropriately on rehabilitation areas; 
• Soils with elevated levels of salts and heavy metals may require additional amelioration, 

capping and placement of healthy topsoil, or removal of unsuitable surface material and 
its replacement with more suitable topsoil material; 

• Fence off rehabilitation areas to exclude grazing by feral goats; 
• Distribute large woody material in lower densities across the rehabilitation sites; 
• Establish three exclusion areas (50 x 20m) near existing PVP monitoring sites to exclude 

grazing by feral goats within the cleared PVP areas to quantify the impact of grazing on the 
ecological function and rate of recovery after clearing; 
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• Use a selection of local native woodland species, especially those with natural colonising 
traits and implement a seed collection program; 

• Apply high seeding densities of short-lived colonising INS species such, acacia, senna and 
dodonaea combined with lower densities of eucalypts on new rehabilitation areas; 

• Avoid any future PVP clearing; and continue to monitor and control goat populations. 
 

These activities are presented in Table 31. 

 

6. ACTIVITIES PROPOSED IN THE NEXT AEMR PERIOD 
Table 31 - Proposed environmental activities for 2021. 

Proposed Activity Priority Ranking 
Scheduled 
Completion 

Date 

Continue maintenance activities on rehabilitated land H 2021 

Set up column trials for tailings dam closure H Q3 2021 

Implement a new rehabilitation trial on Mount Brown H Q2 2021 

Establish three new exclusion fencing areas for the property 

vegetation plan rehabilitation site 
H Q4 2021 

Demarcate and construct a new biodiversity area M Q4 2021 

Annual asbestos monitoring and update of site management 

plan 
M Q4 2021 

Implement joint rehabilitation efforts on site excised areas M 2021 

Continuation of environmental monitoring of surface water, 

groundwater and air 
M 2021 

Dangerous Goods Audit and management plan update M Q3 2021 

Biodiversity Assessment M Q2 2021 

New Biodiversity Management Plan M Q2 2021 

Heritage Management Plan M Q4 2021 

LFA Monitoring (September) M Q3 2021 
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Appendix 1 - CSA Mine Site Location Plan 
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Appendix 2 - CSA Mine Disturbed Areas and Infrastructure 
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Appendix 3 - CSA Mine Topsoil Stockpile Areas 
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Appendix 4 - Mine Proposed Final Rehabilitation - Post Mining Land Use 
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Appendix 5 - CSA Mine Plans 1, 2, & 3 
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Appendice 6 - Environmental Protection Licence EPL 1864. 
  



Section 55 Protection of the Environment Operations Act 1997

Environment Protection Licence
Licence - 1864

Number:

Licence Details

Anniversary Date:

 1864 

30-June

Licensee

COBAR MANAGEMENT PTY. LIMITED

PO BOX 31

COBAR NSW 2835

Premises

CSA MINE

LOUTH ROAD

COBAR NSW 2835

Scheduled Activity

Mining for minerals

Fee Based Activity Scale

Mining for minerals > 500000-2000000 T annual 

production capacity

Region

Phone: 

Fax:

Central West

Lvl 2, 203-209 Russell Street

BATHURST NSW 2795

(02) 6332 7600

(02) 6332 7630

PO Box 1388

BATHURST NSW 2795
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Section 55 Protection of the Environment Operations Act 1997

Environment Protection Licence
Licence - 1864

Information about this licence 
  

Dictionary 

A definition of terms used in the licence can be found in the dictionary at the end of this licence. 

  

Responsibilities of licensee 

Separate to the requirements of this licence, general obligations of licensees are set out in the Protection of 
the Environment Operations Act 1997 (“the Act”) and the Regulations made under the Act.  These include 
obligations to: 

 ensure persons associated with you comply with this licence, as set out in section 64 of the Act; 
 control the pollution of waters and the pollution of air (see for example sections 120 - 132 of the Act); 
 report incidents causing or threatening material environmental harm to the environment, as set out in 

Part 5.7 of the Act. 
  

Variation of licence conditions 

The licence holder can apply to vary the conditions of this licence.  An application form for this purpose is 
available from the EPA. 

The EPA may also vary the conditions of the licence at any time by written notice without an application 
being made. 

Where a licence has been granted in relation to development which was assessed under the Environmental 
Planning and Assessment Act 1979 in accordance with the procedures applying to integrated development, 
the EPA may not impose conditions which are inconsistent with the development consent conditions until 
the licence is first reviewed under Part 3.6 of the Act. 

  

Duration of licence 

This licence will remain in force until the licence is surrendered by the licence holder or until it is suspended 
or revoked by the EPA or the Minister.  A licence may only be surrendered with the written approval of the 
EPA. 

  

Licence review 

The Act requires that the EPA review your licence at least every 5 years after the issue of the licence, as set 
out in Part 3.6 and Schedule 5 of the Act.  You will receive advance notice of the licence review. 

 

Fees and annual return to be sent to the EPA 

For each licence fee period you must pay: 

 an administrative fee; and 
 a load-based fee (if applicable). 
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The EPA publication “A Guide to Licensing” contains information about how to calculate your licence fees. 
The licence requires that an Annual Return, comprising a Statement of Compliance and a summary of  
any monitoring required by the licence (including the recording of complaints), be submitted to the EPA.   
The Annual Return must be submitted within 60 days after the end of each reporting period. See condition 
R1 regarding the Annual Return reporting requirements.  
 
Usually the licence fee period is the same as the reporting period. 
  

Transfer of licence 

The licence holder can apply to transfer the licence to another person.  An application form for this purpose  
is available from the EPA. 

Public register and access to monitoring data 

Part 9.5 of the Act requires the EPA to keep a public register of details and decisions of the EPA in relation 
to, for example: 
 licence applications; 
 licence conditions and variations; 
 statements of compliance; 
 load based licensing information; and 
 load reduction agreements. 
 
Under s320 of the Act application can be made to the EPA for access to monitoring data which has been  
submitted to the EPA by licensees. 
  

This licence is issued to:

COBAR MANAGEMENT PTY. LIMITED

PO BOX 31

COBAR NSW 2835

subject to the conditions which follow.
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Administrative Conditions 1

What the licence authorises and regulatesA1

A1.1 This licence authorises the carrying out of the scheduled activities listed below at the premises specified 

in A2. The activities are listed according to their scheduled activity classification, fee-based activity 

classification and the scale of the operation. 

 

Unless otherwise further restricted by a condition of this licence, the scale at which the activity is carried 

out must not exceed the maximum scale specified in this condition. 

Scheduled Activity Fee Based Activity Scale

> 500000 - 2000000 T 

annual production 

capacity

Mining for mineralsMining for minerals

Premises or plant to which this licence appliesA2

A2.1 The licence applies to the following premises: 

Premises Details

CSA MINE

LOUTH ROAD

COBAR

NSW 2835

LOT 6336 DP 769222

CONSOLIDATED MINING LEASE 5  & MINING LEASE 122

Other activitiesA3

A3.1 This licence applies to all other activities carried on at the premises, including:

Ancillary Activity

Contaminated Soil Treatment Works

Waste Activities

Waste Facilities - hazardous, industrial, Group A and Group B waste disposal

Information supplied to the EPAA4

A4.1 Works and activities must be carried out in accordance with the proposal contained in the licence 
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application, except as expressly provided by a condition of this licence. 

 

In this condition the reference to "the licence application" includes a reference to: 

a) the applications for any licences (including former pollution control approvals) which this licence 

replaces under the Protection of the Environment Operations (Savings and Transitional) Regulation 1998; 

and 

b) the licence information form provided by the licensee to the EPA to assist the EPA in connection with 

the issuing of this licence.

Discharges to Air and Water and Applications to 

Land

 2

Location of monitoring/discharge points and areasP1

P1.1 The following utilisation areas referred to in the table below are identified in this licence for the purposes 

of the monitoring and/or the setting of limits for any application of solids or liquids to the utilisation area. 

P1.2 The following points referred to in the table are identified in this licence for the purposes of the monitoring 

and/or the setting of limits for discharges of pollutants to water from the point. 

Water and land

Location DescriptionType of Monitoring PointEPA Identi-

fication no.

Type of Discharge Point

Discharge of contaminated waste 

into tailings dam and process dam 

as depicted on the plan entitled 

"STSF Operating Manual 

Deposition Plan - Stage 7B End of 

Raise Construction." dated 

27/01/10.

 1 Discharge to Tailings Dam

Limit Conditions 3

Pollution of watersL1

L1.1 Except as may be expressly provided in any other condition of this licence, the licensee must comply with 

section 120 of the Protection of the Environment Operations Act 1997.

Operating Conditions 4
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Activities must be carried out in a competent mannerO1

O1.1 Licensed activities must be carried out in a competent manner. 

This includes: 

a) the processing, handling, movement and storage of materials and substances used to carry out the 

activity; and 

b) the treatment, storage, processing, reprocessing, transport and disposal of waste generated by the 

activity.

Maintenance of plant and equipmentO2

O2.1 All plant and equipment installed at the premises or used in connection with the licensed activity: 

a) must be maintained in a proper and efficient condition; and 

b) must be operated in a proper and efficient manner.

DustO3

O3.1 The premises must be maintained in a condition which minimises or prevents the emission of dust from 

the premises.

Monitoring and Recording Conditions 5

Monitoring recordsM1

M1.1 The results of any monitoring required to be conducted by this licence or a load calculation protocol must 

be recorded and retained as set out in this condition.

M1.2 All records required to be kept by this licence must be: 

a) in a legible form, or in a form that can readily be reduced to a legible form;  

b) kept for at least 4 years after the monitoring or event to which they relate took place; and 

c) produced in a legible form to any authorised officer of the EPA who asks to see them.

M1.3 The following records must be kept in respect of any samples required to be collected for the purposes of 

this licence: 

a) the date(s) on which the sample was taken; 

b) the time(s) at which the sample was collected; 

c) the point at which the sample was taken; and 

d) the name of the person who collected the sample.

Recording of pollution complaintsM2

M2.1 The licensee must keep a legible record of all complaints made to the licensee or any employee or agent 

of the licensee in relation to pollution arising from any activity to which this licence applies.
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M2.2 The record must include details of the following: 

a) the date and time of the complaint; 

b) the method by which the complaint was made; 

c) any personal details of the complainant which were provided by the complainant or, if no such details 

were provided, a note to that effect; 

d) the nature of the complaint;  

e) the action taken by the licensee in relation to the complaint, including any follow-up contact with the 

complainant; and 

f) if no action was taken by the licensee, the reasons why no action was taken.

M2.3 The record of a complaint must be kept for at least 4 years after the complaint was made.

M2.4 The record must be produced to any authorised officer of the EPA who asks to see them.

Telephone complaints lineM3

M3.1 The licensee must operate during its operating hours a telephone complaints line for the purpose of 

receiving any complaints from members of the public in relation to activities conducted at the premises or 

by the vehicle or mobile plant, unless otherwise specified in the licence.

M3.2 The licensee must notify the public of the complaints line telephone number and the fact that it is a 

complaints line so that the impacted community knows how to make a complaint.

M3.3 The preceding two conditions do not apply until 3 months after: the date of the issue of this licence.

Reporting Conditions 6

Annual return documentsR1

R1.1 The licensee must complete and supply to the EPA an Annual Return in the approved form comprising: 

 

1. a Statement of Compliance,

2. a Monitoring and Complaints Summary,

3. a Statement of Compliance - Licence Conditions,

4. a Statement of Compliance - Load based Fee,

5. a Statement of Compliance - Requirement to Prepare Pollution Incident Response Management Plan,

6. a Statement of Compliance - Requirement to Publish Pollution Monitoring Data; and

7. a Statement of Compliance - Environmental Management Systems and Practices.

 

At the end of each reporting period, the EPA will provide to the licensee a copy of the form that must be 

completed and returned to the EPA.

R1.2 An Annual Return must be prepared in respect of each reporting period, except as provided below.
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R1.3 Where this licence is transferred from the licensee to a new licensee:  

a) the transferring licensee must prepare an Annual Return for the period commencing on the first day of 

the reporting period and ending on the date the application for the transfer of the licence to the new 

licensee is granted; and 

b) the new licensee must prepare an Annual Return for the period commencing on the date the 

application for the transfer of the licence is granted and ending on the last day of the reporting period.

R1.4 Where this licence is surrendered by the licensee or revoked by the EPA or Minister, the licensee must 

prepare an Annual Return in respect of the period commencing on the first day of the reporting period and 

ending on: 

a) in relation to the surrender of a licence - the date when notice in writing of approval of the surrender is 

given; or  

b) in relation to the revocation of the licence - the date from which notice revoking the licence operates.

R1.5 The Annual Return for the reporting period must be supplied to the EPA via eConnect EPA or by 

registered post not later than 60 days after the end of each reporting period or in the case of a 

transferring licence not later than 60 days after the date the transfer was granted (the 'due date').

R1.6 The licensee must retain a copy of the Annual Return supplied to the EPA for a period of at least 4 years 

after the Annual Return was due to be supplied to the EPA.

R1.7 Within the Annual Return, the Statements of Compliance must be certified and the Monitoring and 

Complaints Summary must be signed by: 

a) the licence holder; or 

b) by a person approved in writing by the EPA to sign on behalf of the licence holder.

Note: The term "reporting period" is defined in the dictionary at the end of this licence. Do not complete the 

Annual Return until after the end of the reporting period.

Note: An application to transfer a licence must be made in the approved form for this purpose.

Notification of environmental harmR2

R2.1 Notifications must be made by telephoning the Environment Line service on 131 555.

R2.2 The licensee must provide written details of the notification to the EPA within 7 days of the date on which 

the incident occurred.

Note: The licensee or its employees must notify all relevant authorities of incidents causing or threatening 

material harm to the environment immediately after the person becomes aware of the incident in 

accordance with the requirements of Part 5.7 of the Act.

Written reportR3

R3.1 Where an authorised officer of the EPA suspects on reasonable grounds that: 

a) where this licence applies to premises, an event has occurred at the premises; or 

b) where this licence applies to vehicles or mobile plant, an event has occurred in connection with the 
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carrying out of the activities authorised by this licence, 

and the event has caused, is causing or is likely to cause material harm to the environment (whether the 

harm occurs on or off premises to which the licence applies), the authorised officer may request a written 

report of the event.

R3.2 The licensee must make all reasonable inquiries in relation to the event and supply the report to the EPA 

within such time as may be specified in the request.

R3.3 The request may require a report which includes any or all of the following information: 

a) the cause, time and duration of the event;  

b) the type, volume and concentration of every pollutant discharged as a result of the event;  

c) the name, address and business hours telephone number of employees or agents of the licensee, or a 

specified class of them, who witnessed the event; 

d) the name, address and business hours telephone number of every other person (of whom the licensee 

is aware) who witnessed the event, unless the licensee has been unable to obtain that information after 

making reasonable effort; 

e) action taken by the licensee in relation to the event, including any follow-up contact with any 

complainants; 

f) details of any measure taken or proposed to be taken to prevent or mitigate against a recurrence of 

such an event; and 

g) any other relevant matters.

R3.4 The EPA may make a written request for further details in relation to any of the above matters if it is not 

satisfied with the report provided by the licensee. The licensee must provide such further details to the 

EPA within the time specified in the request.

General Conditions 7

Copy of licence kept at the premises or plantG1

G1.1 A copy of this licence must be kept at the premises to which the licence applies.

G1.2 The licence must be produced to any authorised officer of the EPA who asks to see it.

G1.3 The licence must be available for inspection by any employee or agent of the licensee working at the 

premises.

Pollution Studies and Reduction Programs 8

Review of Surface Water Management PlanU1

U1.1 A comprehensive review is to be conducted by an appropriately qualified and experience person into all aspects of the surface 

water/stormwater management on the CSA mine site. This must address, but does not necessarily need to be limited to the 

following issues: 

a. The capacity and adequacy of the current water management system as a whole including all current surface water 

management structures, including the Borrow Pit dam to prevent pollution of land and ground water and offsite impacts from 

occurring; 
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b. The review must include consideration as to whether existing structures including the Borrow Pit dam are receiving dirty or 

contaminated runoff and are designed accordingly; 

c. The review must identify proposed upgrade works to ensure compliance against relevant guidance material mentioned below 

to ensure pollution of land and groundwater are prevented; 

d. The review must identify proposed timeframes for completion of all required upgrade works; 

e. The licensee must prepare a draft report documenting the findings of the surface water management  review and provide a 

copy of the report to the Dubbo office of the EPA for review. Upon receipt of comments on the draft report from the EPA, the 

licensee must submit a final report to the EPA for approval within one month of the EPA providing written comment on the draft 

report.

 

NOTE: 

The review must assess the adequacy of the surface water management system against the relevant guidance material referred 

to below: 

Managing Urban Stormwater: Soils and Construction Volume 1; 

Managing Urban Stormwater: Soils and Construction Volume 2E Mines and Quarries (DECC 2008; 

Managing Urban Stormwater: Soils and Construction Volume 2C unsealed roads (DECC 2008) for Erosion and Sediment 

control on unsealed roads available on the Environment and Heritage stormwater website); and Managing Urban Stormwater: 

Soil and Construction: Volume 2A  Installation of Services (DECC 2008) for erosion and sediment control during the installation 

of the water pipeline and any other reticulated services.

U1.2 Upon completion of upgrade works the licensee must submit a report prepared by a suitably qualified and experienced person 

demonstrating compliance with the guidance material referred to above or providing recommendations for any required upgrade 

works to ensure compliance.

U1.3 The review of the Surface water management plan and report as referred to above must be completed no later than the COB 30 

December 2017 to Dubbo EPA office.
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3DGM [in relation 
to a concentration 
limit] 

Means the three day geometric mean, which is calculated by multiplying the results of the analysis of 
three samples collected on consecutive days and then taking the cubed root of that amount.  Where one 
or more of the samples is zero or below the detection limit for the analysis, then 1 or the detection limit 
respectively should be used in place of those samples 

Act Means the Protection of the Environment Operations Act 1997 

activity Means a scheduled or non-scheduled activity within the meaning of the Protection of the Environment 
Operations Act 1997 

actual load Has the same meaning as in the Protection of the Environment Operations (General) Regulation 2009 

AM Together with a number, means an ambient air monitoring method of that number prescribed by the 
Approved Methods for the Sampling and Analysis of Air Pollutants in New South Wales. 

AMG Australian Map Grid 

anniversary date The anniversary date is the anniversary each year of the date of issue of the licence. In the case of a 
licence continued in force by the Protection of the Environment Operations Act 1997, the date of issue of 
the licence is the first anniversary of the date of issue or last renewal of the licence following the 
commencement of the Act. 

annual return Is defined in R1.1 

Approved Methods 
Publication 

Has the same meaning as in the Protection of the Environment Operations (General) Regulation 2009 

assessable 
pollutants 

Has the same meaning as in the Protection of the Environment Operations (General) Regulation 2009 

BOD Means biochemical oxygen demand  

CEM Together with a number, means a continuous emission monitoring method of that number prescribed by 
the Approved Methods for the Sampling and Analysis of Air Pollutants in New South Wales. 

COD Means chemical oxygen demand 

composite sample Unless otherwise specifically approved in writing by the EPA, a sample consisting of 24 individual samples 
collected at hourly intervals and each having an equivalent volume. 

cond. Means conductivity 

environment Has the same meaning as in the Protection of the Environment Operations Act 1997 

environment 
protection 
legislation 

Has the same meaning as in the Protection of the Environment Administration Act 1991 

EPA Means Environment Protection Authority of New South Wales. 

fee-based activity 
classification 

Means the numbered short descriptions in Schedule 1 of the Protection of the Environment Operations 
(General) Regulation 2009.  

general solid waste 
(non-putrescible) 

Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environment Operations Act 
1997 

 

Dictionary

General Dictionary
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flow weighted 
composite sample 

Means a sample whose composites are sized in proportion to the flow at each composites time of 
collection. 

general solid waste 
(putrescible) 

Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environmen t Operations Act 
1997 

grab sample Means a single sample taken at a point at a single time  

hazardous waste Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environment Operations Act 
1997 

licensee Means the licence holder described at the front of this licence  

load calculation 
protocol 

Has the same meaning as in the Protection of the Environment Operations (General) Regulation 2009 

local authority Has the same meaning as in the Protection of the Environment Operations Act 1997  

material harm Has the same meaning as in section 147 Protection of the Environment Operations Act 1997  

MBAS Means methylene blue active substances  

Minister Means the Minister administering the Protection of the Environment Operations Act 1997  

mobile plant Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environment Operations Act 
1997 

motor vehicle Has the same meaning as in the Protection of the Environment Operations Act 1997  

O&G Means oil and grease 

percentile [in 
relation to a 
concentration limit 
of a sample]  

Means that percentage [eg.50%] of the number of samples taken that must meet the concentration limit 
specified in the licence for that pollutant over a specified period of time. In this licence, the specified period 
of time is the Reporting Period unless otherwise stated in this licence.  

plant Includes all plant within the meaning of the Protection of the Environment Operations Act 1997 as well as 
motor vehicles. 

pollution of waters 
[or water pollution] 

Has the same meaning as in the Protection of the Environment Operations Act 1997  

premises Means the premises described in condition A2.1  

public authority Has the same meaning as in the Protection of the Environment Operations Act 1997  

regional office Means the relevant EPA office referred to in the Contacting the EPA document accompanying this licence  

reporting period For the purposes of this licence, the reporting period means the period of 12 months after the issue of the 
licence, and each subsequent period of 12 mo nths. In the case of a licence continued in force by the 
Protection of the Environment Operations Act 1997, the date of issue of the licence is the first anniversary 
of the date of issue or last renewal of the licence following the commencement of the Act.  

restricted solid 
waste 

Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environment Operations Act 
1997 

scheduled activity Means an activity listed in Schedule 1 of the Protection of the Environment Operations Act 1997  

special waste Has the same meaning as in Part 3 of Schedule 1 of the Protection of the Environment Operations Act 
1997 

TM Together with a number, means a test method of that number prescribed by the Approved Methods for the 
Sampling and Analysis of Air Pollutants in New South Wales. 
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TSP 
Means total suspended particles 

TSS 
Means total suspended solids 

Type 1 substance 
Means the elements antimony, arsenic, cadmium, lead or mercury or any compound containing one or 
more of those elements 

Type 2 substance Means the elements beryllium, chromium, cobalt, manganese, nickel, selenium, tin or vanadium or any 
compound containing one or more of those elements 

utilisation area Means any area shown as a utilisation area on a map submitted with the application for this licence  

waste Has the same meaning as in the Protection of the Environment Operations Act 1997  

waste type Means liquid, restricted solid waste, general solid waste (putrescible), general solid waste (non -
putrescible), special waste or hazardous waste 

 

Environment Protection Authority

(By Delegation)

Date of this edition: 17-October-2000

Mr Terry Knowles

End Notes

Licence varied by notice 1009851, issued on 16-Jul-2001, which came into effect on 

16-Jul-2001.

 1

Licence varied by notice 1024635, issued on 28-Apr-2003, which came into effect on 

28-Apr-2003.

 2

Licence varied by notice 1038965, issued on 01-Sep-2004, which came into effect on 

26-Sep-2004.

 3

Licence varied by notice 1067047, issued on 05-Jan-2007, which came into effect on 

05-Jan-2007.

 4

Condition A1.3 Not applicable varied by notice issued on <issue date> which came into effect 

on <effective date>

 5

Licence varied by notice 1119261, issued on 16-Nov-2010, which came into effect on 

16-Nov-2010.

 6

Licence varied by notice    1528530 issued on 19-Mar-2015 7

Licence varied by notice    1546525 issued on 02-Aug-2017 8
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1.0 Introduction 
Cobar Management Pty Ltd (CMPL), a w holly ow ned Australian subsidiary of Glencore Plc, operates the Cornish, 
Scottish and Australian (CSA) Mine located 11 km north of the tow nship of Cobar in the w est of NSW (Plan1a).  

The CSA Mine is one of the highest grade copper (Cu) and second deepest mine in Australia. An aerial image 
show ing the main “components” of CSA Mine is presented in Plan 1b. 

This Mining Operations Plan (MOP) outlines the proposed operational and environmental management activities  
planned for the CSA Mine for the next tw o (2) years from the commencement date, i.e. from 1st January 2021 to 
31st December 2022. The tw o-year time frame of the MOP is aligned to the tw o-year planning program implemented 
for the site by CMPL and replaces the previous Mining Operations Plan, w hich ended in 31st December, 2020. 

This MOP has been developed to satisfy the requirements of Consolidated Mining Lease No. 5 (CML5) , 
Environment Protection Licence No. 1864 (EPL1864), Development Consent No 31:95, and is in accordance w ith 
the NSW Department of Planning, Industry and Environment under the Resources Regulator ESG3: Mining 
Operations Plan (MOP) guidelines (September 2013) for Level 2 mines. 

CSA Mine is a small metalliferous mine in a non-environmentally sensitive area of State signif icance and as such, 
the activities are subject to Part 4 of the Environmental Planning and Assessment Act 1979. How ever, because its 
development consent w as granted in 1995 before the State Policy came into force its activities are classif ied as 
Non-State Signif icant Development based on the existing consent before the State Policy came into force. Cobar  
Shire Council is still the approval authority for most of our development. Under Schedule 1 of State Environmental  
Planning Policy (State and Regional Development) 2011 activities may be State Signif icant Development if  they are 
mining related w orks and have a capital investment of more than $30 million. It is w orthw hile to note that if  CSA  
Mine w as to be re-assessed based on current State Policy our operations w ill be deemed as a State Signif icant 
Project. 

The mining lease and environmental protection licence for CML5 can be found in Appendix A and B. 

 

1.1 History of Operations 
Mining has occurred intermittently on the CSA Mine leases since the discovery of copper (Cu), lead (Pb) and zinc 
(Zn) in 1871. How ever, it w as not until 1961 that a signif icant resource w as proven by Broken Hill South Pty Ltd. 
Medium-scale mechanised underground mining subsequently commenced in 1965. 

The mine w as acquired by CRA in 1980 and sold to Golden Shamrock Mines Pty Ltd (GSM) in 1993. GSM w as in 
turn acquired by Ashanti Gold Fields in the same year. The mine continued to operate until 1997, w hen the operation 
ran into f inancial diff iculties and w as placed in receivership. The mine w as placed on care and maintenance in 
January 1998. Conditions for reopening the mine w ere negotiated w ith the liquidator, and concessions w ere 
obtained from the Government, including the excision of three areas of concern from the lease: the North Tailings  
Storage Facility, the subsidence hole and adjacent old spoil material, and a major coarse rejects stockpile (Big Mt 
Brow n). CMPL committed to reopening the mine in February 1999 w ith current underground and processing 
operations commencing in July 1999 follow ing the purchase of the leases and site facilities. 

CMPL has previously submitted MOPs for the periods 1999-2002, 2002-2007, 2008-2012, 2013-2017 and 2018 - 
2020. The CSA Mine operates in accordance w ith such plans and CMPL proposes to continue operation using 
similar underground techniques for the next tw o years until 31st December 2022. 
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Figure 1 CSA Mine Site Location Plan 

 



  Mining Operations Plan  

3 
 

1.2 Current Consents, Authorisations and Licences 
The CSA Mine operates under a number of different approvals, including: 

- Development Consents issued by Cobar Shire Council (CSC); 

- Landow ner’s Consent issued by NSW Department of Planning, Industry and Environment-Lands; 

- Mining tenements issued by the NSW Department of Planning, Industry and Environment – under Housing 
and Property; 

- Mining Operations Plan approved by the Resources Regulator; 

- EPL1864 issued by the Environmental Protection Authority (EPA); 

- Water licences issued by the NSW Office of Water (NoW); and 

- Dangerous Goods licences issued by WorkCover NSW. 

 

Current licences are listed in Table 1.  Approvals, tenements and MOP for the CSA Mine are summarised in Table 
2. 

 

Table 1 CSA Mine licences  

Licence Details Expiry Date 

EPL No. 1864 Environment Protection License. 30/06/2022 

WAL 36335 
 

Water Access Licence - High Security, Macquarie and 
Cudgegong Regulated Rivers Water Source.  
Share 542.4 Units. 

Perpetuity 

WAL 36336 
 

Water Access Licence - High Security, Macquarie and 
Cudgegong Regulated Rivers Water Source. 
Share 813.6 Units. 

Perpetuity 

85WA753710 Water Supply Works for WB1 and WB2 
Lachlan Fold Belt Groundw ater Source. 26/06/2026 

WAL 28539 Water Access Licence - Lachlan Fold Belt Groundw ater 
Source. Share 300 Units. Perpetuity 

WAL 28887 Water Access Licence - Lachlan Fold Belt Groundw ater 
Source. Share 210 Units. Perpetuity 

WorkCover Licence  
XSTR100157 

WorkCover NSW Licence to store Class 5.1, 1.1D and 
1.1B explosives. 08/04/2023 

Refrigerant Trading 
Authorisation Certif icate 

Refrigerant trading authorisation under the Ozone 
Protection and Synethic Greenhouse Gas Management 
Regulations 1995. 

28/11/2021 

Radiation Licence 
No. 5061153 

Licence to sell/possess radiation apparatus and/or 
radioactive substances or items containing radioactive 
substances 

- RR761, RR1384, RR911, RR907 
- RR21459 
- RR12793 
- RR12484 
- RR8858, RR8859 

20/10/2021 
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Table 2 CSA Mine approvals, tenements and MOP 

Approval 
Number Description Issue Date Expiry Date (For 

Construction only) 

Approvals 

DA No. 31/95 
Development of Underground Mine Ore Treatment 
Plant and Tailings Dam and Associated Service 
Facilities. 

26 June 1998 N/A 

2004/LDA-00038 Refrigeration Plant. 18 November 2004 18 November 2009 

2006/LDA-00009 South Tailings Dam Extension. 22 June 2006 22 June 2011 

2006/LDA-00012 Erection of Portable Buildings. 6 July 2006 6 July 2011 

2007/LDA-00036 Upgrade of Workshop/ Storage Facility. 10 August 2007 10 August 2012 

2009/LD-00035 Tailings Dam Wall Raise. 7 April 2010 7 April 2015 

2013/LD-00037 South Tailings Storage Facility Upgrade (Stage 7). 27 September 2013 27 September 2018 

2014/LD-00015 Embankment Construction of South Tailings Storage 
Facility (Stage 8). 

24 September 2014 24 September 2019 

2015/LD-00007 Installation of Steel Surface Fans. 13 May 2015 13 May 2020 

2019/LD-00006 Stage 9 Wall Raise – Tailings Storage Facility. 14 May 2019 15 May 2024 

2019/LD-00037 3 Mega litre Raw  Water Tank including associated 
pipelines and pump 18 March 2020 27 March 2025 

2020/LD-00012 Installed Surface Vent Fans 10 November 2020 12 November 2025 

2020/LD-00010 Installed Jameson Cell 10 November 2020 12 November 2025 

2020/LD-00013 Installed Diesel Generator 10 November 2020 12 November 2025 

2020/LD-00011 Installed Bulk Air Cooler at No. 1 Shaft 10 November 2020 12 November 2025 

2020/LD-00048 Waste Rock Stockpile 08 December 2020 10 December 2025 

2020/LD-00051 Processing Plant upgrade – Replace tw o SAG mills 10 December 2020 12 December 2025 

Tenements Expiry Date 

CML5 
CSA mine site. Licensed for Group 1 minerals (Ni, Sb, 
Cd, Bi, As, Co, Cu, Au, Ge, Pb, Fe, In, Ag, Se, S, Zn 
& Fe minerals). 

02 December 1993 24 June 2028 

MPL1093 
Mining Purposes Lease for Water Harvesting. Not 
licensed for minerals. 05 February 1947 05 February 2029 

MPL1094 Mining Purposes Lease for Water Harvesting. Not 
licensed for minerals. 

05 February 1947 05 February 2029 

Mining Operations Plan 

CSA Mine MOP 01 January 2018 31 December 2020 
* In addition to the above there are several pending Development Projects sitting with Local Council that are yet to be approved. These 
include a new stormwater pond for the South Tailings Storage Facility and a new Explosives Yard. 

 

Approval for development at the mine is assessed and issued by Cobar Shire Council (CSC) under referral from other Government 
Departments when required. CSC has identified Tweleve (12) projects requiring updated approvals from CSC and 2 projects that require 
assessment and signoff against the Building Code of Australia (BCA 2016). CSC and CMPL have entered into an agreement to update 
these approvals. The projects are identified in Table 3 along with the agreed assessment requirements and indicative completion 
timeframes. To date eight (8) projects have been approved, the remaining four (4) are undergoing fire code assessment which had 
slowed down the process. CSA is fully committed to ensuring compliance with these projects and they will be completed within the new 
MOP term.
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Table 3 Existing Site Infrastructure and Approvals  

Project Time Frame 

Item 1 – Shed at back of Stores and; 

Item 16 – Core yard Shed 

Signed off. 

Item 2 – Jameson cells  Develop consent issued. 

Item 3 – New  Tailings and Copper Thickeners  Develop consent issued. 

Item 7 – Filter Plant Mid 2021 

Item 11 Paste f ill Plant and Item 12 – Pow er reticulation FAR1 and paste f ill 2021 

Item 13 – Surface Vent fan 1 and 2  Develop consent issued. 

Item 20– no1 Shaft extension w inder and buildings and; 

Item 21 – No 1 shaft materials handing conveyors 

Mid 2021 

Item 27 – Bulk air cooler at No 1 Shaft Develop consent issued. 

Item 29 – Bulk air coolers (No2 Shaft) Develop consent issued. 

Item 30 – Diesel Generator Develop consent issued. 

 

1.3 Land Ownership and Land Use 
CML5 occupies portions of f ive Western Land Leases (WLL) and Crow n Land including parts of the Cobar  
Regeneration Belt. MPL1093 and MPL1094 occupy Crow n Land. These details are listed in Table 4. 

 

Table 4 Land tenure details 

Property 
Name 

Locality WLL County Parish Plan 
Number 

Lot 
Number 

Red Tank CSA Mine 9565 Robinson Kaloogleguy 766965 4277 

Red Tank East of mine 731 Robinson Kaloogleguy 766922 6336 

Red Tank Immediately south of mine 13844 Robinson Kaloogleguy 766965 4278 

Red Tank South and east of the tailings 
facility 

3667 Robinson Mopone 1186316 1 

Red Tank CSA Mine - Robinson Kaloogleguy 1170965 7303 

Red Tank 3km south of mine - Robinson Kaloogleguy 870022 23 

Ascot Southw est of mine 13844 Robinson Kaloogleguy 1105750 2 

Council 
around tip 

Southw est of mine - Robinson Kaloogleguy 870022 22 

Kaloogley 
Regeneration 
Reserve 

3km south of mine - Robinson Kaloogleguy 1170625 7317 

Kaloogley 
Regeneration 
Reserve 

3km SSE of mine - Robinson Kaloogleguy 1117798 7003 
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Property 
Name Locality WLL County Parish 

Plan 
Number 

Lot 
Number 

Kaloogley 
Regeneration 
Reserve 

4.3km South of mine - Robinson Kaloogleguy 1170625 7316 

Crow n Land 
MPL1093 NNW of mine 9565 Robinson Kaloogleguy 766965 7302 

Crow n Land 
MPL1094 NW of mine 9565 Robinson Kaloogleguy 766965 7301 

Crow n Land 
Reserve 
1013818 & 
42658 

CSA Mine Central - Robinson Kaloogleguy 1170965 7303 

Gattaca South of mine 13844 Robinson Kaloogleguy 766741 4174 

Gattaca South of mine 13844 Robinson Kaloogleguy 765641 927 

Mopone Northeast of tailings facility 1009 Robinson Mullimutt 768325 5414 

 

CML5 covers a total area of 2,474 hectares (ha) and comprises an approved area of surface disturbance of 
approximately 350 ha w hich includes mine headframes, a treatment plant and associated tailings storage facility, 
w orkshops, w arehouses and off ices. The remaining surface area w ithin CML5 provides only for underground mining 
and does not permit surface disturbance. 

The excised areas in CSA Mine site under the Legacy Mines Program (Derelict Mines) w hich is now  managed by 
the Department of Regional New  South Wales and administered by Mining, Exploration and Geoscience have been 
removed from CSA lease and are no longer the responsibility of CMPL. These areas include the Over Subsidence 
Area, the Mt Brow n area and the Northern Tailings Storage Facility; these areas have not been addressed in this 
report. CSA Mine is now  in the process of taking ow nership of Mount Brow n area to add to the lease. 

The CSA Mine context, together w ith a visual representation of the current land use of the project area, land tenure 
information and key geographical markers is show n on Plan 1b. 

The Cobar area has been impacted by mining and agricultural activities since the 1800’s. The existing landscape 
surrounding the CSA mine is characterised by mining infrastructure, tailings storage facilities (TSF), shafts and 
disturbed grasslands / rangelands and topsoil stockpiles. The native vegetation of the area has been impacted by 
these activities w ith the historic removal of much of the native vegetation. The region surrounding the CSA Mine is 
dominated by rangeland agriculture. 

 

1.4 Stakeholder Consultation 
In July 2011, CMPL engaged consultants to assist in the consultation process w ith identif ied agency stakeholders  
for the development of the f irst CSA Mine Rehabilitation and Environmental Management Plan (REMP), w hich is 
incorporated into this MOP. In addition, CSA has carried out yearly community consultation session w ith the general 
public to discuss ongoing operations and its impacts on the community. 

To underpin the REMP and consultation process, CMPL developed land use objectives w ith the aim to: 

- Reach a point w here the land can be relinquished in a timely fashion; 

- Minimise closure costs to CMPL; 

- Maximise potential return on the land; 

- Minimise environmental impact; 

- Minimise the risk to public safety to the satisfaction of relevant stakeholders; and 

- Meet current regulatory requirements (as a minimum). 
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Follow ing the consultation process w ith agencies, CMPL commissioned the consultants to assist w ith the 
engagement of external stakeholders. The focus of the external stakeholder engagement program w as to collect 
and collate stakeholder ideas regarding f inal land use of operational and non-operational lands ow ned or managed 
by CMPL. 

To achieve this, all stakeholders w ere informed in w riting of CMPL’s intention to develop a REMP, and w ere 
requested to provide comments and suggestions regarding the future of the mine. In addition, community members  
w ere invited to a meeting held by CMPL in August 2011 to discuss the future of the mine. This meeting was 
advertised in the local paper for local residents and community members. Individual w ritten and verbal invitations  
w ere also sent to specif ic stakeholder groups such as local councillors, the Cobar Business Association, local high 
and primary schools, environmental and social groups, local Government departments (such as the Western 
Catchment Management Authority), local Aboriginal groups, other surrounding mines, and rural landholders and 
neighbours. The meeting w as attended by a range of community members including:  

- Local graziers and residents; 

- Local Councillor; 

- President of the Cobar Business Association;  

- The Cobar media; 

- CMPL employees; and 

- Representatives from neighbouring mines (i.e. Tritton and Peak Gold Mine). 

Key issues that arose from the stakeholder meeting included: 

- Creation of diversity in employment and training opportunities for youth w hereby there are incentives for them 
to remain to the Cobar area; 

- Mitigation of the issue of people travelling out of region to do their shopping by encouraging a variety of shops 
and retail outlets; 

- Enhance tourism to make Cobar a ‘must see’ location linked to a local icon (e.g. Dubbo has the zoo); and 

- Recognition that Cobar’s geographical isolation is an innate advantage that should be realised and promoted 
to relevant industry. 

All feedback and suggestions resulting from the consultation described above have been considered in the REMP 
and incorporated into this MOP. The alternative land use options suggested and discussed by stakeholders are 
displayed in Table 5. 

 

 

 

 

 

 

 

Table 5 Future land use options identified during the consultation process 

 Infrastructure Area Lands Impacted by Mining 
Non Operational 
Lands 

Tailings Storage 
Facilities 

Al
te

rn
a te
    Training centre: 

- Mining. 
- Other. 

 

Gaol Trial plot for 
agriculture on 
rangelands. 

Waste disposal 
linked to 
encapsulation. 
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 Infrastructure Area Lands Impacted by Mining 
Non Operational 
Lands 

Tailings Storage 
Facilities 

Defence training facility / 
military exercise. 

Waste disposal facility – 
issues to consider: 
- Railw ay access. 
- Groundw ater 

consideration. 
- Proximity to 

underground mine. 
 

Defence training 
facility / military 
exercise. 

Research – plant 
bioaccumulation. 

Ammunition production. 
 

Tourism linked to mining. 

Abattoir for goats / piggery / 
kangaroos / tannery. 
 

Car testing ground – linked 
to temperatures and dirt 
roads. 

Ethical slaughter of stock. 
 

Commercial forestry – 
milling. 
 
Pow er station – solar / 
geothermal / link to 
availability of f lat land, 
pow er, train line, sealed 
road. 
 

 
 

A meeting w ith representatives of the Department of Planning and Environment (DPIE) w as held on 21 September  
2017.  The site inspection w as attended by Christine Faw cett, Mark Greely and Mark Buchan. The proposed 
rehabilitation activities and experimental trials for the 2018-2020 MOP w ere discussed and the w orking areas of 
CML5 w ere inspected. 

The NSW Environmental Protection Authority (EPA) confirmed that EPA could not be involved in the MOP pre-
submission consultation process.  The Cobar branch of the NSW Local Land Services (LLS) also declined an 
invitation to discuss the proposed 2018-2020 MOP. 

CMPL provided a copy of the Draft CSA MOP 2018-2020 to Cobar Shire Council (CSC) for their comment but a 
response w as not received. 

On 14 November 2017, an advertised meeting w as held in Cobar to present the 2018-2020 MOP to local residents 
and community members. The results of the 2011 stakeholder consultation w ere discussed and any additional 
stakeholder comments and suggestions w ere sought for inclusion in the Draft MOP.   It w as agreed by attendees  
that the future landuse options and key issues identif ied in the 2011 consultative process w ere still broadly accepted 
as appropriate, and only tw o additional suggestions w ere raised: 

- Possible support from CSA for increased day care in Cobar 
- Consideration of the feasibility for the construction of a pow er station on CML5 prior to mine closure. 
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2.0 Proposed Mining Activities 

2.1 Project Description 
The CSA Mine operates as an underground mine extracting copper (Cu) ore w ith silver (Ag) by-product.  During the 
MOP period (01-01-2021 – 31-12-2022), the planned extraction rate for mine planning is 1.20 – 1.25 million ore 
tonnes per annum (Mtpa). Mining activities w ill be carried out in the QTS North, QTS Central and Western ore 
bodies w ith the QTS North planned to contribute over 70% of the ore production. 

The total CSA Mine ore reserve at December 2019 is 6.7 Mt at 3.8% Cu.  This ore reserve can sustain the planned 
extraction rate during the MOP period.   In addition, the total mineral resource inclusive of ore reserves for December  
2019 is 11.4 Mt at 5.39% Cu, w hich is suff icient to support this production rate for at least six years beyond the 
MOP period.  Therefore, at the planned mining rate the minimum mine life w ould be approximately nine years of 
operation from January 2021.  

Stope extraction w ill typically be via longhole open stoping w ith a cemented paste backfill (CPB) to maximise ore 
recovery, control stope ground conditions and minimise ore dilution.  The majority of stope voids in QTS North w ill 
be backfilled using cemented paste backfill (CPF).  Some stopes in QTS North, as w ell as the majority of the stopes 
in the QTS Central, Eastern and Western w ill be backfilled w ith development w aste rock; both cemented, rock f ill 
(CRF) and uncemented w aste rock f ill (WRF).  Occasionally, stope voids w ill be left unfilled. 

Stope mining is essentially complete in QTS North above the 8640 RL (approximately 1,630 metres below  surface). 
QTS North stope production w ill be focussed betw een the 8640 RL and 8465 RL w ith some remnant stoping above 
the 8640 RL during the MOP period.  Stoping activities w ill commence in QTS Central and recommence in the 
Western ore bodies.  At this stage there is no production planned from QTS South or Eastern system.  How ever, 
business circumstances may dictate that some production is sourced from this orebody in the future. 

The QTS North stoping sequence w ill continue w ith the southern end of the ore body advancing from south to north 
and the northern end progressing from the centre out.  A closure pillar is formed w here these tw o independent 
sequences converge.  This mining method and stoping sequence is expected to change in the period covered by 
this MOP.  Where it w ill be necessary to transition to an underhand centre-out sequence to eliminate the formation 
of a closure pillar around the stopping advance to the 8465 Level. 

Stoping in the QTS Central ore bodies w ill be based on an underhand modif ied Avoca mining method w ith 
continuous retreat sequence to a central closure pillar. Some QTS central stopes w ill be requiring cemented rock 
f ill to maximise recoveries.  The bulk of the stope f illing w ill be WRF. 

Stoping in the Western ore bodies w ill be based on an underhand modif ied Avoca mining method w ith a continuous  
retreat sequence to the level access, w ith no closure pillar. The bulk of the stope f ill w ill be WRF  minimising w aste 
rocks hoisting requirements to the surface. 

The processing plant w ill continue to operate in its current configuration using the same reagents until the new  
grinding circuit upgrade is completed. The f lotation circuit w ill be upgraded in parallel to the grinding circuit upgrade 
(anticipated to begin in 2021). The current milling rate w ill remain at 1.3 Mtpa. CSA’s current licence covers mining 
throughput up to 2 Mtpa. 

During the MOP period tailings w ill continue to be deposited into the existing South Tailings Storage Facility (STSF) . 
The STSF w ill be progressively lif ted approximately every four (4) years throughout operations subject to deposition 
rates. 

Underground exploration w ill continue w ithin the current planned mining areas to prove up further economically  
viable material. This material may be an extension of the ore lenses currently being mined, new  lenses w ithin the 
existing ore bodies or the discovery of additional ore systems. The economically viable material w ill primarily include 
Cu, w ith minor amounts of silver (Ag). Surface exploration w ill search for Cu and other metals, such as Zn, Pb, Ag 
and gold (Au) on CMPL mining and exploration leases. 
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2.2 Activities over the MOP Term 
2.2.1 Material Production Schedule 

The proposed provisional material production schedule for the CSA Mine for the period covered by this MOP is 
detailed in Table 6 Further details on the various components of this Schedule are provided in the follow ing sections 
of the MOP. 

 

Table 6 Material production schedule during the term of the MOP 

Material Unit 
Year 1 Year 2 

2021 2022 

Stripped topsoil m3 10,000 10,000 

Waste Rock (mined) t 235,455 262,295 

Waste Rock (to surface) t 136,022 80,137 

Ore t 1,186,281 1,211,863 

Processing tailings t 1,049,827 1,050,867 

Backfill (CPF) m3 341,286 303,271 

Backfill (w aste rock) m3 115,469 144,976 

Copper concentrate t 186,173 185,133 

 

 

2.2.2 Proposed Exploration 

Surface exploration activities w ill be undertaken during the MOP period to support future mining production. Since 
2014, there has been a renew ed emphasis on near-mine exploration activities to maximise the return on recent 
capital w orks and to offer shallow er production alternatives.  

Ground gravity surveys completed across CML5 in 2016-17 highlighted a continuation of ore bearing structures and 
alteration zones north and south of the CSA Mine. In addition, previously unknow n zones of exploration interest 
have been identif ied proximal to the northern and southern tenement boundaries and further east of the current 
operation.  

Over 15,000m of surface diamond drilling w as completed in 2019. All holes w ere completed less than one kilometre 
south and east of the current operation at the QTS South Prospect and QTS North Prospect, respectively. In 
addition, approximately 2,200m of reverse-circulation (RC) drilling (nominal spacing 100mN by 100mE) was 
completed over gravity anomalies at QTS South in 2019, to quantify bedrock geochemistry at 100-120m below  the 
surface.  

Enrichment and depletion geochemistry anomalies defined through RC drilling that are coincident w ith gravity-highs 
and/or electro-magnetic (EM) anomalies are scheduled to be follow ed up by diamond drilling during the period 
2020-2022. RC drilling of geophysical and geochemical anomalies at targets closer to the lease boundaries is also 
planned to continue during the same period. 

Diamond drilling from 2020-2022 is expected to be conducted at a rate of 5,000 – 20,000m per annum at targets 
including QTS South, QTS North, Kendi, Mopone, Spotted Leopard and new  anomalies identif ied by the RC 
programs. Diamond hole designs are typically orientated east-w est w ith a collar dip ranging from 50-80 degrees. 
Hole depths are expected to lie betw een 400-1,500m. 
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A total of 535 RC drill holes (nominal spacing 200mN by 100mE) have been designed for consideration in 2020-
2022 (Figure 2). The design is the maximum number of RC holes that could be drilled in the period. Holes are 
designed to be drilled from w est to east at a dip of 60 degrees to an approximate depth of 120m finishing in fresh 
rock. The program includes provision for inf ill drilling and is expected to vary betw een 5,000 to 25,000m per annum. 

All exploration activities at the CSA Mine are conducted in line w ith the CMPL Exploration Environmental  
Management Plan (2011). Detailed exploration proposals specif ic to exploration activities during the MOP period 
w ill be submitted to the NSW Department of Planning & Environment Division of Resources and Geosciences (DPE 
DRG) for approval prior to commencement, either as Surface Disturbance Notices, Review  of Environmental 
Factors or other formats as required by the department. During this MOP period, there are 535 drill sites proposed 
on CML05. ESF4 Applications are to be submitted for each individual drilling campaign or drill hole rather than an 
ESF4 Application covering the entire 535 proposed drill holes for 2020-2022. 

By correspondence dated 22 September 2015, the department approved prospecting operations proposed under 
the Red Tank Drilling Program Surface Disturbance Notice (“SDN”) and supporting documents. The SDN was 
accepted by the department as an addendum to the MOP 2013-17. Rehabilitation of drill sites at various prospects 
w ithin portions of the Red Tank Property and the CSA Mine located w ithin CML 5 w ere completed in 2018-2020. 
CSA commit to completing an ESF2 - Rehabilitation Completion form for all of this w ork and w ill submit to the 
resources regulator prior to the cessation of the current MOP term. 

Surface exploration drilling programs w ill be undertaken in accordance w ith the relevant conditions of approval and 
this MOP. This includes the rehabilitation of any surface disturbances as soon as possible, follow ing completion of 
prospecting operations.  

 

2.2.2.1 Historical Collar Rehabilitation Assessment 

Surface exploration dating back to the late 1800’s at CSA has resulted in a total of 420 surface holes drilled w ithin 
the CML5 area. The drill holes are a mix of Rotary Air Blasting (RAB), Aircore (AC), diamond drill (DD) and rock 
chip (RC) drilling methods, resulting in various levels of disruption to the local environment. The local environments  
surrounding each of these collars experienced clearing of vegetation and the production of drill spoils and w aste 
throughout the duration of the various drilling programs. In 2016, a rehabilitation assessment of the 266 historical 
collars w as conducted to determine the current rehabilitation and revegetation status of each of these holes. The 
results of this assessment are provided in Appendix N. 

 

2.2.2.2 Mine Site Geology 

The CSA Mine is located w ithin f ine grained sediments of the Early Devonian Cobar Basin. The surface is typically  
covered by Quaternary aeolian silty soils carrying a thin veneer of ferruginous lag gravels. 

The sediments include members of the Amphitheatre Group, the Nurri Group and Winduck Group. The 
Amphitheatre Group includes the CSA Siltstone, w hich represents the main rock unit throughout the mine area. It 
is predominantly a f ine-grained siltstone, although it includes occasional f ine sandy or shaley layers. The siltstone 
has pervasive chlorite alteration, w hich varies in intensity in different areas. 

A topographic ridge associated w ith the CSA Siltstone runs north-south along the line of the w orkings centred on 
the current mine operations. To the east of the operations area lie parts of the Nurri Group comprising the Great 
Cobar Slate and Chesney Formation. The Nurri Group continues to crop out eastw ards until it is faulted off by the 
Basalt beds of the Girilambone Group. 

The mineralisation of the CSA Mine includes copper (Cu), lead (Pb) and zinc (Zn) lodes that are hosted w ithin the 
CSA Siltstone. The ore bodies dip steeply to the east, plunge to the north and have strong vertical continuity. 
How ever, the strike extent is relatively short. Mineralisation is generally parallel to cleavage and transects bedding, 
w hich dips steeply w estw ard. Stronger lenses of pooled massive sulphide ore are related to large scale dilation 
zones. Further mineralisation occurs in crosscutting veins and disseminated w ithin gangue. The main sulphide 
minerals are chalcopyrite, cubanite, pyrrhotite (the main sulphide gangue), sphalerite, galena and pyrite w ith the 
proportions varying betw een the f ive main systems. Quartz and chlorite are the main silicates. Oxide minerals w ere 
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present in the initial surface exposure and in early upper Decline development. There is a general zonation from 
high Pb and Zn relative to Cu in the w est, to low  Pb and Zn in the east.
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                             Figure 2 Proposed drill sites 2021 – 2022 MOP term. 
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2.2.3 Proposed Construction Activities 

Subject to mine requirements, several infrastructure upgrades may occur during the period covered by this MOP. 

The proposed w orks are discussed in the follow ing sections and highlighted below  in Table 7. CSA w ill obtain 
development consent under the Environmental Planning and Assessment Act 1979 (EP&A Act) for all mining 
operations w hich require such consent. The MOP is not an alternative to obtaining development consent and cannot 
approve or authorise development for w hich development consent is required under the EP&A Act. 

The proposed w orks are discussed in the follow ing Sections. 

 

Table 7 Proposed Construction/Project Activities 2021 - 2022  

Proposed Infrastructure 

Grinding circuit and f lotation upgrade 

STSF Stage 10 w all lif t 

Surface ore stockpile 

Settling ponds and w ater collection dam 

Concentrate Storage Sheds Upgrades 

Rehabilitation of Mount Brow n and STSF 

QTS South upper mining project and potential box cut 

New  Fresh Air Rise FAR No. 2 Intake Rise System 
(Surface to 8720 RL) and Return Air Rise (RAR) 1 and 
2 Primary surface Vent Fan Station upgrade. 

Ammonia Plant extension by 8.0 MW BAC and new  Bulk 
Air Coolers (BAC’s) at the new  FAR No. 2 Intake shaft 
including buried pipeline. 

Additional 6.0 MW of rental cooling at FAR No. 2 from 
October 2021 to May 2023. 

Extension of the underground FAR system betw een 
8820 RL and 8500 RL. 

Emulsion Storage Capacity Increase. 

Extension of Paste Fill Plant Lined stockpile area.  

Emulsion Storage Capacity Increase. 

Extension of Paste Fill Plant Lined stockpile area.  

 

2.2.3.1 Grinding Circuit Upgrade Project 

Presently the CSA Mine operates a grinding circuit comprising of a f ine ore bin feed conveyor, four ore bins feeding 
onto mill feed conveyors and three Hardinge SAG mills.  The three SAG mills are configured to operate on either  
closed or open circuit depending on feed grades. The existing grinding circuit has been in operation since the early 
1960’s and is show ing signs of signif icant decay (ore bins), corrosion, w ear & tear on the rotating elements of the 
mills. Considering the risks related to the mechanical failure of the mills, it is planned to refurbish or replace the 
existing grinding circuit w ith a new  circuit comprising of a surface stockpile feed conveyor, an ore stockpile, reclaim 
feeders to draw  ore from the stockpile to feed the milling circuit comprising of either a single stage SAG mill or SAG 
& Ball mill or a f ine crushing and Ball mill circuit combined w ith a classif ication stage. This w ill also involve upgrading 
the existing electrical infrastructure and any associated auxiliary system in the mill to accommodate the new  loads 
and equipment. This project is expected to commence soon and extends to this MOP period. 
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2.2.3.2 Copper Concentrator Flotation Circuit Upgrade Project 

It is proposed to install a concentrate regrind mill in the f lotation process. The purpose of a regrind stage w ould be 
to improve liberation of copper minerals that are been reported into the concentrate w ithout deteriorating copper 
recovery, and if possible, assist w ith copper recovery eff iciency.  

  

2.2.3.3 Relocation of the emulsion yard 

The current emulsion yard houses the emulsion storage tank, a w orkshop and off ices. Emulsion is received here 
from Dyno Nobel and stored in an emulsion bulk storage tank. From here, underground charging units are f illed up 
to go underground via the portal and decline to charge stope blast holes. Emulsion is not classed as an explosive 
as it only becomes reactive once the sensitiser is added, how ever, the receiving, storage and underground dispatch 
is still controlled. The area is fenced w ith restricted / controlled access. The current facility is limited in terms of 
capacity and unfavourably located. 

The strategy is to relocate the entire facility and at the same time increase the bulk storage tank size to enable 
larger quantity of emulsion to be stored to support planned increase in production. The relocation w ill entail clearing 
of a new  area, establishing of a constructed access road, fencing and gates, a concrete pad for the placement of 
the storage tank w ith associated drains, an off ice (comprising tw o containers w ith a canvas covering betw een them) , 
a small w orkshop and extension of services to site (such as w ater and pow er). 

The relocation is planned to be completed by Q1 of 2021 and manned by a new  Contractor, Orica. The planned 
relocation site has been f inalised at the w ater dam 15 around the Kendi area.  This w ill become the facility to be 
used for the LOM. 

 

2.2.3.4 Pink Panther exploration  

Continue w ith exploration target of Pink Panther, spots to be confirmed at around 600m to the south of the QTS 
South deposit and 1,250 m south of the. 

 

 

2.2.3.5 Ventilation upgrade including Surface Ventilation Fan Installation 

Over the MOP period, CSA w ill undertake a major upgrade to the primary ventilation circuit at the mine in order to 
provide the required infrastructure for life of mine purposes. This could include a series of raisebored shafts from 
surface for intake and exhaust, totalling up to 4,000 m and surface infrastructure in the w ay of the installation of 
additional primary fans. Primary fans may be required to be diesel pow ered due to limited pow er on site. 

The upgrade is expected to take the current mine ventilation f low  capacity from 750 m3/s to approximately  
1,000 m3/s.  The new  fan installation w ill include variable speed drives so that CSA can manage ventilation 
requirements based on demand underground. The fans w ould cover an area of approximately 25 m by 14 m and 
have a maximum height of 10 metres. 

Combined w ith the cooling upgrade, the estimated surface disturbance area for this project is 6000 m2. 

 

2.2.4 Land Preparation 

2.2.4.1 Removal of Vegetation 

Activities at the CSA Mine are designed to minimise land clearing in order to preserve the natural vegetation and 
stability of the surrounding environment. Where clearing is required, it is managed through the CSA Site Disturbance 
Permit-Pre-disturbance Baseline Study and Permit system.  Permission to excavate or dig is granted through an 
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Excavation/Dig Works Permit to ensure that the proposed area of disturbance has been checked for underground 
services (pow er and w ater).    

This system applies to all employees and contractors at the CSA Mine and ensures considerations such as the size 
of the proposed site, the stockpiling of soil and vegetation, search for any historical or cultural sites, and drainage 
are all accounted for prior to approval of the w orks. Any actions or conditions associated w ith the w orks are 
documented and signed off on the permit.  

Land preparation and surface material stockpiling is assessed in all CSA operations to ensure long term storage 
requirements are met w ithout further disturbance or unnecessary clearing. 

 

2.2.4.2 Topsoil Management 

The management of all topsoil on site is carried out in accordance w ith the CMPL Topsoil Management Plan (2014) 
w hich has been developed to ensure all topsoil handling, stockpiling and use is carried out in line w ith Mining Lease 
conditions.  

Topsoil stripping 

Topsoil stripping is avoided w hen the soil is w ater saturated and therefore is preferably undertaken w hen the soil 
has been dry for extended periods. Prior to stripping, erosion controls are implemented to manage stormw ater such 
as sediment basins, drainage w orks or sediment fences. 

Topsoil recovery is carried out in accordance w ith the Leading Practice Guidelines “double stripping” method (DITR 
2006), w hich recommends separate handling and management of topsoil and subsoil. Stripping depth is to a 
maximum of 100 mm. Where possible, topsoil is directly transported and laid on sites suitably prepared for 
rehabilitation, or otherw ise stockpiled on site. 

Topsoil stockpiles 

Permanent stockpile height restrictions exist on site, w ith a maximum of 3 m for topsoil stockpiles. CMPL 
encourages the establishment of vegetation on all topsoil stockpiles to enhance soil viability and minimise erosion 
losses. Cleared vegetation around project sites or surrounding areas is often spread over the topsoil stockpile sites 
to assist w ith revegetation. 

Although a number of small stockpiles w ere established during the period of the previous MOP’s, the majority of 
existing stockpiled topsoil comes from the development and extension of the STSF in late 2006.  In September  
2017, approximately 82,000 m3 of topsoil is stockpiled in 32 locations at the CSA Mine.  The stockpile locations are 
show n in Figure 3 and presented in Table 8. 

All existing topsoil w ill remain stockpiled until required for rehabilitation purposes on site. During this MOP period,  
additional topsoil is expected to be generated from the project activities planned. Suitable locations for stockpiling 
are identif ied by the Environmental Advisor during the planning and design phase of any project requiring land 
clearing and topsoil stripping. Given the relatively small amount of clearing at CSA, there is suff icient remaining 
storage capacity in existing stockpiles to store the topsoil that w ill be generated during this MOP term. 
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Figure 3 Topsoil stockpiles as of September 2017 

 

 



  Mining Operations Plan  

18 
 

Table 8 Topsoil stockpiles at CSA Mine 

Topsoil Stockpiles started 2017 

Stockpile Name Volume (LCM) 
Stockpile 1 35,212 
Stockpile 3 1,657 
Stockpile 4A 1,852 
Stockpile 4B 57 
Stockpile 5 1,610 
Stockpile 6 2,615 
Stockpile 7 9,536 
Stockpile 8 321 
Stockpile 9 8,526 
Stockpile 10A 170 
Stockpile 10B 335 
Stockpile 10C 15 
Stockpile 11 927 
Stockpile 12 517 
Stockpile 13 2,480 
Stockpile 14 3,858 
Stockpile 15A 93 
Stockpile 15B 34 
Stockpile 16A 846 
Stockpile 16B 350 
Stockpile 16C 25 
Stockpile 16D 11 
Stockpile 17A 354 
Stockpile 17B 75 
Stockpile 17C 141 
Stockpile 17D 529 
Stockpile 18 2,478 
Stockpile 19A 1,960 
Stockpile 19B 75 
Stockpile 20A 343 
Stockpile 20B 128 
Stockpile 21 67 
Stockpile 22 45 
Stockpile 23A 11 
Stockpile 23B 75 
Stockpile 24A 2,344 
Stockpile 24B 32 
Stockpile 24C 52 
Stockpile 25 419 
Stockpile 26 102 
Stockpile 27 99 
Stockpile 28 75 
Stockpile 29 201 
Stockpile 30 884 
Stockpile 31 279 
Stockpile 32 139 

Total: 81,954 

 

LCM = Loose cubic metre. 
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2.2.5 Mine Development Sequence 

2.2.5.1 Geotechnical Information 

The geotechnical challenges at the CSA Mine have been recognised for some years. The response of the rock-
mass to current mining activities is w ell understood and the local experience to date has been integrated into the 
management of these conditions and into forecasting performance at depth. 

The CSA Siltstone has pervasive chlorite alteration w hich varies in intensity in different areas. In addition, the ore 
lenses also have a degree of silica alteration and in these zones and the rock mass tends to be more competent. 

The siltstone has north-south striking, sub-vertical bedding dipping to the w est. The main structural features of the 
siltstone are a prominent foliation that is also sub-vertical and almost parallel to the bedding and a sub-vertical 
cleavage that dips tow ards the east. The intensity of these features varies throughout the mine but in most areas 
the siltstone is highly f issile. 

In addition to the pervasive foliation and cleavage, sheared zones occur at intervals throughout the mine. Of 
particular relevance to the current mining are major shear zones located on the w estern and eastern sides of the 
QTS North stoping area. Historically, the w estern shear zone (talcose) has caused signif icant problems in both 
diamond drilling programs and level access development. Delineation of this shear region has permitted excavation 
and control plans to be developed for managing this region.  

The foliation in the siltstone has a major inf luence on the response of the rock-mass to mining.  Development 
headings and strike drives, particularly at depth, suffer buckling failure and are managed using heavy duty 
reinforcement and support standards to maintain stability. In contrast, crosscuts are stable w ith a lighter duty ground 
support standard. This is typical behaviour for w ell bedded or foliated rocks.  Standard development profiles exist 
for all routine development (including vertical development) and have corresponding minimum ground control 
standards. 

Typically, open stopes are developed w ith a sub-level interval of 30 m (f loor to f loor) and are extracted over strike 
lengths of 20 m to 30 m. CSA is evaluating an option to extend the sub-level interval to 40m in QTS North.  It is 
possible that this change w ill be implemented during the MOP period follow ing a comprehensive change 
management process. 

The stoping sequences are planned w ith consideration for managing damaging strain to the surrounding access 
development.  Drives that are likely to suffer signif icant damage are either consumed by the mining front, or are not 
planned to be used long term access. 

Stope mining is essentially complete in QTS North above the 8700 RL (approximately 1,570 metres below  surface) 
and development mining is currently advancing to the 8500 Level (1,770 metres below  surface).  The effect of stress 
is manifested in strain damage to the f issile siltstone.  At the present depths, this strain is readily manageable using 
current ground control standards and stope sequencing. The ground control standards and stope sequencing are 
the subject of continuous review  to ensure that the stress increase w ith depth is managed pre-emptively. 

 

2.2.5.2 Mine Design 

The current mine development consists of tw o hoisting shafts w hich are also used as intake airw ays, another  
separate intake raise, tw o exhaust raises and a decline. There w ill be upgrade to the primary ventilation system in 
the MOP period, w hich may include raises to the surface and additional primary fan installation. The No2 Shaft is 
the main shaft used for ore hoisting and personnel movement, the smaller capacity No1 Shaft is used for hoisting 
ore and w aste. The decline is used for machinery and personnel access for itinerant w orkers. The QTS North 
decline is currently 1,770 m below  the surface.  

The QTS North stoping sequence w ill continue w ith the southern end of the orebody advancing from south to north 
and the northern end progressing from the centre out.  A closure pillar is formed w here these tw o independent 
sequences converge.  This mining method and stoping sequence is expected to continue for the period covered by 
this MOP.  How ever, if  ground conditions and development stability is adversely affected by the increasing depth of 
mining in QTS North it may be necessary to transition to an underhand centre-out sequence to eliminate the 
formation of a closure pillar. 
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In the near vertical ore lenses, a drive is developed parallel to the ore lens strike and located on either the eastern 
or w estern ore boundary. A cross cut drive is developed from a footw all or hanging w all access drive through the 
entire ore lens to meet the strike drive. The cross cut drive is successively utilised as a raise-bore drill site, a 
production drill site, a draw -point for the LHD unit and a backfilling drive as the mining front progresses deeper. A 
slot hole is drilled betw een the upper and low er levels using a raise-bore. Subsequent rings of production holes are 
drilled from the upper level and occasionally from the low er draw -point level. The raise bored slot hole is enlarged 
by f iring of the production holes to create an opening across the ore zone. Usually three rings of production holes  
are f ired to fully develop the slot. Repetitive spaced rings of production holes that are parallel to the slot are then 
drilled betw een the slot void and the ore boundary. The parallel rings of production holes are then f ired in one to 
three f irings to fully create a 5 to 25 m w ide by 20 m long by 30 m high stope void. CSA is evaluating an option to 
extend the sub-level interval (and thus void height) to 40m in QTS North.  It is possible that this change w ill be 
implemented during the MOP period follow ing a comprehensive change management process. Ore is bogged out 
from the low er development drives and crosscuts using conventional and remote controlled LHD units. 

The current sequence of ore extraction in the QTS North ore region is to excavate the central stope betw een the 
upper and low er levels (currently betw een 8,730 and 8,520 RL) and then backfill the stope w ith paste f ill. When the 
cemented f ill has set, the adjacent stopes on the same level are extracted in the same manner. The sequence is 
repeated on the same level, w orking outw ards. When the fourth or f if th stope of a level has been extracted then the 
central stope betw een the active stoping level and the level below  (currently betw een 8,610 and 8,580 RL) can 
begin extraction. This sequence is repeated along the w hole of the ore body on successively deeper levels, creating 
a “V” profiled mining front that relocates the ground stress outw ards into the solid unmined rock at each end of the 
ore lens. 

The proposed sequence of ore extraction in the low er QTS South ore region is to excavate the northern stope 
betw een the upper and low er levels (betw een 9,045 and 9,015 RL) and then backfill the stope w ith either cemented 
f ill or w aste rock f ill. When the f ill has set or the void has been f illed w ith w aste rock and a thin pillar of ore is left in 
situ, the adjacent stope to the south on the same level is extracted in the same manner. The sequence is repeated 
on the same level, w orking progressively to the south. When all three or four stopes on the level have been extracted 
and f illed then the northern stope betw een the active stoping level and the level below  (betw een 9,015 and 8,985 
RL) can begin extraction. This sequence is repeated along the w hole of the ore body on successively deeper levels, 
creating an outw ardly sloping mining front that relocates the ground stress outw ards tow ards the south into the solid 
unmined rock at the ends of the ore lens. 

The proposed sequence of extraction for the QTS Central ore region is to mine the southern stope betw een the 
upper and low er levels (8720 and 8750) and backfill w ith cemented f ill. When the f ill has set, stoping w ill continue 
to the north until all the stopes are mined on the level. Stopes on levels above this w ill be mined overhand in a 
similar w ay from south to north and f illed w ith a combination of cemented rock f ill and w aste f ill, w ith no pillars left 
betw een stopes. Stopes on the levels below  8720 w ill be mined underhand from south to north and f illed w ith 
cemented f ill. 

The proposed sequence of extraction for the Eastern ore region is to mine each lens overhand from the low er extent 
of the ore zone, f illing the stopes w ith cemented rock f ill and w aste rock f ill. Where access to the top of stopes is 
not viable, blind uphole stoping is used. Blind uphole stopes are not planned to be completely backfilled. 

The proposed sequence of extraction for the Western ore region is to mine the lenses as separate mining blocks of 
tw o to f ive sublevels, mining overhand and f illing w ith cemented rock f ill and w aste f ill. Blind uphole stoping is used 
w here only a bottom access to the stope is possible. Blind uphole stopes are not planned to be completely backfilled.  

 

2.2.5.3 Blasting 

All stope blasting is conducted w ith emulsion or ANFO explosives, in 102 mm blast holes. As described in the 
stoping method above, for the main ore lenses, a raise bore slot is developed to create an opening from a crosscut 
drive at the top of a stope, dow n to a strike drive on the extraction (bottom) level. The slot is opened in tw o shots. 
The remainder of the stope is then drilled and f ired as a number of rings that are f ired into the void created by the 
slot. Smaller lenses w ould generally be extracted in a similar manner, except that a longhole rise pattern of drill 
holes may be used to create the slot rather than a raise bore. 
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2.2.5.4 Backfilling 

The mining methods used require a cemented backfill as the main control for stope ground conditions and hence 
ore body dilution. Backfill w ill be exposed in one side w all of each stope. Strength requirements and cement 
additions for paste f ill show s up to 0.4 megapascal (Mpa) are usually achieved by addition of up to 3% Portland 
cement by w eight; crow n extraction of stopes and benches require sills of stronger cemented f ill of around 1 MPa, 
potentially achieved w ith cement addition rates of about 6%. Initial paste f ill masses w ill be poured w ith up to 10% 
and 4% Portland cement by w eight and altered as confidence in the strength-binder relationship grow s. Isolated 
stopes are f illed w ith un-cemented bulk f ill only, using development w aste and/or un-cemented paste f ill. Paste f ill 
is obtained by removal of w ater from full stream tailings through vacuum filters from our Paste Fill Plant to produce 
f ilter cake and adding cement as required. Pastefill mix is under an ongoing improvement process that may result 
in reduction of cement usage, or alternative slag and lime blends being used to reduce cement usage. 

Where cemented f ill is required for vertical exposures and paste f ill is not practically available, Cemented Rock Fill 
(CRF) is used. CRF is a blend of development w aste rock, Portland cement and w ater w hich is mixed in a dedicated 
mixing bay mined on each level w here required. The CRF is placed into the stope before f illing w ith uncemented 
rock f ill. 

With the introduction of paste f ill, the cemented hydraulic f ill (CHF) plant w ill remain idle and maintained in a ready 
to operate state.  

 

2.2.5.5 Crushing and Hoisting 

Current hoisting comprises: 

- The No. 2 Shaft hoisting from 9 level (840 m underground) to the surface has the capacity to hoist in 
excess of 1.3 Mtpa. This is expected to be in operation for ore hoisting during the MOP period.  

- The No. 1 Shaft hoisting from 10L (940 m underground) to the surface has the capacity to hoist in excess 
of 600 ktpa. This is expected to be in operation for ore or w aste hoisting during the MOP period as required.   

 

The ore handling facilities at 9 Level comprise the follow ing: 

- Run of Mine ore from low er levels is delivered by truck to the 9 Level grizzly or stockpiles. From there a loader  
transfers to a grizzly w ith an opening about 900 m2 above a small bin on 9 level. The facility is equipped w ith 
a hydraulic rock breaker w ith an opening about 900 mm2 above a small bin on 9 Level (120 bin). The facility 
is equipped w ith hydraulic rock breaker to manage any potential oversize. 

- The ore is transferred by plate feeder from the bin to the primary 60” x 48” jaw  crusher, w ith a notional capacity 
of 400 to 500 tph. 

- The crushed ore f low s through a diverting gate, w hich directs material either directly to the w estern 
underground surge bin or, by use of an apron feeder, to the east bin. Both of these bins have the capacity to 
hold 1000 t of crushed ore or 2000 t of underground bin storage. This ore is fed by vibratory feeders onto a 
conveyor belt that feeds the measuring f lasks for the skip loading system. 

- The loading system comprises 13 t and 8 t f lasks for the tw o skips sizes. The smaller f lask is for the 
combination cage/skip unit used for hoisting personnel and ore. The f lasks are fed by f lap gates and tonnages  
are controlled by load cells. 

- The ore hoist system comprises a friction w inder w ith a maximum ore handling rate of up to 25 cycles per hour 
from 9 Level. This equates to a potential 250-400 tph hoisting rate, or in excess of 1.6 Mtpa. The system is 
not currently used to its full capacity. 

- The shaft ore bin (capacity 120 t) at the surface receives ore from the tw o skips. 

 

Rock handling facilities at 10 Level comprise the follow ing: 
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1) Run of mine ore or w aste w ill be tipped into underground stockpiles by underground haul trucks. From 
the stockpile, the material is transferred by loader to f ixed temporary Terrex Jaw  Crusher. Material leaves 
the crusher to the grizzly at 10 Level, before entering the bin.   

2) Material then moves out of the bin onto plate feeder arrangement before feeding in the shaft loading 
f lask.   

3) This w ill then f ill the skip in the shaft w ith 7 t ore or w aste hoisted to the surface. 

4) The surface materials handling system incorporates a conveyor for stockpiling (ore or w aste) and a 
reclaim function to be able to re-feed the stockpiled ore to shaft No. 2 ore bin for processing. 

5) Once hoisted, the ore is transferred to the No. 2 Shaft ore bin via a vibrating feeder and tw o overland 
conveyors. 

 

2.2.5.6 Ventilation 

The ventilation system is based on four primary exhaust fans. At present, the surface fans provide a combined 
volumetric f low  rate of approximately 750m3 per second of contaminated air extracted out of the mine via a dedicated 
series of ventilation raises from the bottom of the mine to surface. Contaminants are mainly inhalable and respirable 
silica dust (derived from CSA siltstone), diesel particulate matters, gaseous (Nitrogen dioxide, Sulphur dioxide)  
fumes and heat. 

No. 1 Shaft, No. 2 Shaft, FAR1 and the main decline (from the surface) are the primary fresh air intakes. The No. 2 
Shaft accounts for about 40% of the total mine fresh air, FAR1 38%, No. 1 Shaft 12% and the decline 10%.  
Considering that the mine’s geothermal gradient is 2ºC per 100m, this air is chilled by the existing surface 
refrigeration plant at No. 2 shaft, No. 1 Shaft and FAR1 at 6 MW (running), 4MW and 10MW respectively, dow n to 
8ºC Wet bulb (WB) to maintain a 24ºC WB fresh air temperature at 8460 RL. With the current ventilation system WB 
temperature at the extent of the mine is 27°C WB at 8460m RL, this is w ithin industry safe w orking limits 

As the CSA Mine is moving to deeper levels and increased mining in satellite ore bodies outside of QTS North, it 
may be required to make upgrades to the primary ventilation system and cooling systems. Surface refrigeration on 
FAR1 is expected to increase from 10MW and f inally to a size of 12MW cooling capacity in 2023. The installation 
comprises the clearing of land, civil w orks and installation of a cooling module into the FAR collar manifold. Currently  
the refrigeration plant is a lease arrangement w hereas containerised equipment is installed to achieve the desired 
cooling load. Work is currently underw ay into research and planning of a major ventilation upgrade that may be 
required by 2022/2023, the extent of the upgrades is expected to be a combination of surface raisebores, 
underground raisebores, surface fan installations and surface refrigeration units. The f inal scope of the w orks is yet 
to be determined, but may also include underground booster fan installations, underground refrigeration units and 
underground air scrubbing facilities. 

Upgrades to the cooling capacity of FAR1 are expected to place 10MW by end of 2021.  

Underground auxiliary fans force-ventilate level w orking areas w ith fresh air tapped from a series of staggered and 
interconnected fresh air raises. The current ventilation auxiliary fan practice has potential to change over the MOP 
period to better distribute the mine air to the w ork areas. 

 

2.2.5.7 Underground Mining Equipment 

The underground mining equipment currently used at the CSA Mine is detailed in Table 9. 

 

Table 9 Underground mining equipment  

Equipment Quantity 

Sandvik Axera Jumbo 5 

Atlas Copco Simba L6C Production Drill Rig 3 
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Equipment Quantity 

Atlas Copco MT5020 Dump Truck 2 

EPIROC MT5020 1 

Atlas Copco MT6020 Dump Trucks 8 

Caterpillar IT28F Tool Carrier 0 

Caterpillar IT28G Tool Carrier 1 

930H Wheel Loader 2 

Caterpillar 12H Grader 2 

Caterpillar TH460 Telehandler 0 

Caterpillar AD45B Articulated Haul Truck 0 

Dieci Telehandler  1 

JCB 714 Cement Agitator 0 

Caterpillar Elphinstone R2900 Loader (LHD) 9 

Isuzu FTS 750 Water Truck 1 

Isuzu FTS 550 Explosives Truck 1 

Isuzu FSR 700 Stores Truck 1 

Isuzu NPS300 Service Truck 2 

Kubota R21 1 

Forklif ts 4 

Terex UC15 Franna Crane 1 

Normet Charmec 1 

Normet Unilif t 0 

Toro DL 500 Loader (LHD) 0 

Sandvick 7-5 Cabolter Drill 1 

Tamrock 7-5 Cabolter Drill   0 

Manitou MT1030S Telehandler 1 

Volvo LF90F IT Loader 2 

Volvo LF120F IT Loader 2 

Roboshot Maxijet Shotcreter 2 

2.2.5.8 Transport 

The CSA Mine maintains a f leet of 48 four-w heel drive light vehicles for movement around site (including 
underground) including 17 surface vehicles, 31 vehicles designated only for underground operations, and 13 
registered vehicles that travel betw een underground and surface on a regular basis. There are also in excess of 52 
additional light vehicles on site for permanent contractors that go underground and about 60 surface vehicles that 
belongs to contractors.  

Access to the CSA Mine site from Cobar is via Louth Road, approximately 15km along a sealed road heading north 
from Cobar. 

The CSA Mine concentrate is transported off site by rail to ConPorts Pty Ltd’s (previously CBH Resources Ltd) ship 
loader at Port Waratah (Carrington in New castle) by a purpose built sealed containers loaded on f lat cars. All rail 
movement is currently to New castle w ith a rail shipment occurring approximately every three days or on an ‘as 
required’ basis. Port Kembla is an alternative destination if  circumstances require. 
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2.2.5.9 Maintenance 

Where practicable, all maintenance is undertaken by CMPL or contractors on site, using the w orkshop and store 
facilities. In an ongoing campaign, a signif icant amount of scrap and rubbish from former operations has been 
cleaned up or consolidated into smaller areas for salvage as required. 

 

2.2.6 Mineral Processing 

2.2.6.1 Ore Characteristics 

Minerals present in the CSA Mine ores are mainly chalcopyrite, w ith lessor cubanite, pyrite and pyrrhotite and minor  
bornite, sphalerite and galena w ith traces of silver. Quartz, siltstone clasts, calcite, magnetite and chlorite form the 
gangue to the sulphide minerals. 

 

2.2.6.2 Metallurgy 

The milling circuit consists of tw o SAG mills in either open or closed circuit as required, w ith hydrocyclones. A third 
SAG mill is used as a regrind mill w hen required. After grinding, the ore slurry is pumped to f lotation circuit 
comprising of rougher, scavenger, cleaner and re-cleaner stages that use mechanically agitated f lotation cells. One 
bank of Wemco rougher cells parallel w ith FLS cells, and one bank of Outotec scavenger tank cells f loat the 
sulphides until generating a f inal tail that is sent to the tailings thickener. Jameson Contact cells are installed to 
perform cleaning and re-cleaning f lotation of rougher concentrate. The Jameson Contact Cells w ere installed in 
2012 and replaced the previously used Dorr Oliver Cells. 

Recovery of Cu minerals (mainly chalcopyrite) is excellent w ith 95% to 98% of the Cu and around 83g/t of the Ag 
reporting to the concentrate. The concentrate grade ranges betw een 24% and 29% Cu and 58g/t and 92g/t Ag. 

As mentioned in Section 2.2.3, the existing grinding circuit w ill be replaced or refurbished. The most suited option 
w ill be selected and installed in the MOP term. 

 

2.2.6.3 Concentrate Management 

Flotation concentrate is pumped to a conventional thickener w here it is dew atered. Thickener underflow  is pumped 
to a Filter Feed Tank. This slurry is pumped to tw o TH vertical Plate press f ilters w ith tw o backup Ceramic Vacuum 
Disc Filters w here w ater is removed. The concentrate has a moisture content of approximately 9.5%. The f lotation 
circuit and thickener facilities w ill be upgraded during the period of this MOP (Section 2.2.3). 

Concentrate Storage 

Currently, the f iltered concentrate is discharged by conveyor as w ell as tramped from filter bunkers using FEL to 
stockpiles located w ithin either of tw o concentrate storage sheds (to be replaced during the life of the MOP), w hich 
have a combined storage capacity of approximately 25,000 w et metric tonnes (w mt). The sheds are covered and 
partially enclosed w hich assists in the minimisation of dust generation. Each shed has a concrete f loor and w all 
bunds w hich minimise losses to the environment. Run off from the sheds is contained and directed to a 
contaminated w ater collection sump. 

Concentrate Transport 

Concentrate is then loaded by front end loader into purpose built, fully enclosed, steel containers on railw ay f lat 
cars (w agons). An automatic lid lif ter assists w ith the container loading process. Each train can carry approximately  
2,905 w mt of concentrate. This is railed to ConPorts Pty Ltd’s ship loader at Port Waratah (New castle) for storage 
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and export shipment by ocean freight. This concentrate is exported to overseas smelters in India, China, Malaysia 
etc. 

 

2.2.6.4 Third Party Concentrate 

The CSA Mine has the capacity to handle and/ or sell copper concentrate at the CSA Mine from third parties, 
including Peak Gold Mine (PGM) and Endeavor Operations Pty Ltd, on behalf of Glencore Australia. These 
concentrates are either blended w ith CSA Mine concentrate or railed separately for export. 

Third-party concentrates blended w ith CSA Mine concentrate are stored in the same storage sheds. 

 

2.2.6.5 Surface Ore Stockpiles 

   

Surface ore stockpiles are located in any of four concrete, open topped storage bins, w ith a total combined capacity 
of approximately 6,000 w mt. As part of the new  grinding circuit upgrade project in 2021, the existing ore storage 
bins w ill be replaced by a 29,500 t surface stockpile and reclaiming of ore w ill continue through a new  conveyor 
system onto the stockpile (refer to 2.2.3).   With drought conditions in the Western region of NSW being a recurring 
event, the CSA Mine continues to w ork tow ards reducing w ater usage w herever possible to ensure that the mine 
can w ork through these diff icult periods w ith minimal interruption to operations. If  severe drought conditions are 
encountered and the raw  w ater allocation to the CSA Mine site is signif icantly reduced or taken aw ay, drastic 
measures w ill need to be taken. The f irst option w ill be to shut dow n the ore processing mill. This w ill reduce the 
daily w ater usage by over 45%. Should this occur, CMPL w ould continue to hoist ore from underground during 
periods w hen the mill is shut dow n and stockpile this material on the surface. The ore is hoisted to the surface by 
means of the existing ore handling system. At the point w here the ore is normally placed into the shaft ore bin, the 
ore w ill be tipped out of the shaft ore bin into a truck. The ore w ill then be transported to the designated stockpile 
area for storage. 

2.2.7 Rock Management Operations 

 The underground mining operations produce approximately 200,000-300,000 t of rock annually. Wherever 
possible, rock is directly disposed of into underground voids left by stoping operations. It is anticipated that 
approximately 216,159 tonnes of w aste rock w ill be brought to the surface in the term of this MOP after backfill of 
stopes.  The w aste rock brought to surface is stored in stockpiles at the STF for use in future w all raises. There is 
also a plan in place to construct w aste rocks stockpile on site to manage excess w astes rocks received from 
underground. This project is expected to take place in the 2nd quarter of 2021. 

   

2.2.8 Tailings/Rejects Management Operations 

2.2.8.1 Tailings Storage 

TSFs comprise the STSF (approximately 63 ha), the STSF Extension (19 ha) and the NTSF (132.9 ha). The NTSF 
is currently not used and is excised from CML5. 

CMPL operated the STSF until January 2007 at w hich time the facility had been f illed to its freeboard related 
capacity. In January 2007 the new ly constructed STSF Extension w as commissioned and received thickened 
tailings from the ore processing plant until September 2010. A 3 m embankment raise w as constructed on the 
surface of the STSF in 2010, w ith deposition reverting back into this facility since. 

The STSF w as upgraded over the previous MOP period to alter the deposition method to a central depositional 
system. This method w ill provide substantial w ater savings and result in a f inal landform more amenable to 
rehabilitation. There w ill be a reduction in the requirement of suitable material for tailings dam w all lif ts and f inal 
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capping, f inal topsoil requirements for rehabilitation w ill be low er than w ith the old multi-spigot perimeter depositional 
method and there w ill be an increase in tailings dam integrity as the resultant solids w ill contain less moisture. 

The STSF (currently in use) w as anticipated to reach its capacity in September 2019. CSA Mine therefore 
constructed a perimeter embankment through a w all lif t on STSF w hich has increased deposition capacity of the 
STSF through to 2023. Tw o further w all lif ts (stages 10 and 11) are scheduled and w ill be enough to provide capacity 
for LoM.  

 

The Department has issued a Direction Notice (NTCE0003276) to Isokind Pty Ltd (CSA Mine) requiring the follow ing 
additional information: 

• The Southern Tailings Storage Facility design; 

• Capping trials and design performance; and 

• Risk assessment addressing the current operations of the Southern Tailings Storage Facility 

This information w ill be provided to the Resources Regulator as requested w ithin this MOP term. 

 

2.2.8.2 Tailings Management 

The amount of tailings deposited is monitored monthly and the dam is surveyed quarterly.  Annual surveillance 
audits are conducted by qualif ied external dam engineers.  Approximately 44% of the treated ore ends up as backfill 
and 55% of the treated ore ends up as f inal tailings deposited in the STSF. The remaining 1% is retained as copper 
concentrate.  

Flotation tailings are either sent to the Paste Fill plant or the f inal tailings thickener depending on mining backfill 
requirements.  The Paste Fill Plant takes the full stream tailings and partially separates the w ater through vacuum 
filters to produce f ilter cake.  The f ilter cake is mixed w ith cement and sent underground as paste f ill.  Waste rock 
is included in the cemented f ill w hen available. Cement is stored in one of tw o cement silos located at the paste f ill 
plant on surface, totalling 450t.   

Flotation tailings w hen backfill is not required are sent to either the paste f ill plant to be processed into f ilter cake 
and stockpiled on surface, or; sent to the f inal tailings thickener for dew atering prior to pumping to the TSF. Target 
moisture content of f inal tailings is 1.45-1.65% Specif ic Gravity and slurry. Tailings are pumped approximately 2.2 
km in a High Density Polyethylene pipeline to the STSF and deposited from a central, raised causew ay. Tailings  
are deposited in thin discrete layers approximately 100 mm in thickness from the end of the discharge causew ay. 

Any w ater recovered from the tailings slurry or rainfall events collects at a decant facility w here it can be pumped 
back in to the process.  Specially constructed overflow s in the dam w alls direct any excess w ater in to lined and/or  
unlined w ater storage dams w here w ater can again be collected, stored and eventually pumped back in to the 
process. 

2.2.9 Decommissioning Activities 

A number of decommissioning activities are scheduled to occur during the term of this MOP. The decommissioning 
of this infrastructure is dependent on the approval of replacement systems, w hich are outlined in Section 2.2.3. 

  

2.2.10 Forecast Rehabilitation Activities 

Rehabilitation activities at CSA Mine w ill be conducted in accordance w ith the follow ing documents: 

- Rehabilitation and Environment Management Plan (REMP 2012 - Appendix C);  

- CSA Mine South Tailings Storage Facility – Conceptual Closure and Rehabilitation Plan (2010) Appendix D; 
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- SEE (1995 and 2009); and 

- This MOP. 

During the term of this MOP rehabilitation maintenance w ill take place on the existing rehabilitation areas; Over 
Subsidence Area and CSA Mill area (1.6 ha). In addition, rehabilitation trials w ill commence in new  areas (small 
portion of STSF and Mount Brow n areas. 
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3.0 Environmental Issues Management 

3.1 Environmental Risk Assessment 
The key risks associated w ith the proposed mining activities at the CSA Mine during the term of this MOP have 
been assessed using the maximum reasonable consequence ratings, likelihood ratings, risk matrix and 
classif ications (Environmental Risk Identif ication Matrix) listed in Table 10, Table 11 and Tables 12, 13 and 14 
respectively.  Environmental risks at the CSA Mine are assessed annually and documented in the CMPL Aspects 
and Impacts Register. The annual updates capture any changes in control strategies or introduced (or 
decommissioned) operations, and any such changes are reported in the Annual Environmental Management Report 
(AEMR). 

 

Table 10 Qualitative measures of consequence and impact (Glencore, 2016) 

Category Description Consequences 

Cat 1 Negligible • Near source and confined 
• No lasting environmental damage or effect (typically <day) 
• Requires minor or no remediation 

Cat 2 Minor • Near source 
• Short-term impact (typically <w eek) 
• Requires minor remediation 

Cat 3 Moderate • Medium-term (<2 years) impact (typically w ithin a year) 
• Requires moderate remediation 

Cat 4 Major • Long-term (2 to 10 years) impact 
• Requires signif icant remediation 

Cat 5 Catastrophic • Unconfined and w idespread; 
• Environmental damage or effect (permanent; >10 years); 
• Requires major remediation. 

 

 

Table 11 Qualitative measures of likelihood (Glencore, 2016) 

Level Descriptor Description 

A Almost Certain Expected to occur 

B Likely More likely to occur as not occur 

C Possible As likely to occur as not to occur 

D Unlikely More likely NOT to occur than to occur 

E Rare  Very unlikely to occur 

 

Table 11 outlines the key identif ied risks and associated risk ratings for current and future mine activities, processes 
and facilities at the CSA Mine w hich require specif ic measures to be documented and implemented to ensure 
environmental protection and compliance w ith regulatory conditions. The ratings assume that the risks are untreated 
i.e. have not been addressed by specif ic risk mitigation measures other than routine design and operational 
practices. 

The major operational issues that affect rehabilitation are briefly discussed below  and a detailed Environmental Risk 
Register addressing all operational risks and mitigation is provided as Appendix O.   
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Table 12 CSA Risk Matrix Guideline:  LIKELIHOOD of the event occurring (Glencore, 2016) 

 

Basis of Rating E - Rare D - Unlikely C - Possible B - Likely A – Almost Certain 
 
LIFETIME 
OR 
PROJECT OR TRIAL OR FIXED 
TIME PERIOD 
OR 
NEW PROCESS / PLANT / R&D 

 
Unlikely to occur during a 
lifetime 
OR 
Very unlikely to occur 
OR 
No known occurrences in 
broader worldwide industry 

 
Could occur about once 
during a lifetime 
OR 
More likely NOT to occur 
than to occur 
OR 
Has occurred at least 
once in broader 
worldwide industry 

 
Could occur more than once 
during a lifetime 
OR 
As likely to occur as not to 
occur 
OR 
Has occurred at least once 
in the mining / commodities 
trading industries 
 
 

 
May occur about once per 
year 
OR 
More likely to occur than not 
occur 
OR 
Has occurred at least once 
within Glencore 

 
May occur several times per 
year 
OR 
Expected to occur 
OR 
Has occurred several times 
within Glencore 

 

15 (M) 19 (H) 22 (H) 24 (H) 25 (H) 

 

10 (M) 14 (M) 18 (H) 21 (H) 23 (H) 

 

6 (L) 9 (M) 13 (M) 17 (H) 20 (H) 

 

3 (L) 5 (L) 8 (M) 12 (M) 16 (M) 

 

1 (L) 2 (L) 4 (L) 7 (M) 11 (M) 
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Table 13 CSA Risk Matrix Guideline:  CONSEQUENCE - potential foreseeable outcome of the event (Glencore, 2016) 

 

Rating  Health & Safety Env ironment Financial Impact Image & Reputation / Community Legal & Compliance 

5 Catastrophic • Multiple f atalities (5 or 
more f atalities in a single 
incident) 

• Multiple cases (5 or 
more) of  Permanent 
Damage Injuries or 
Diseases that result in 
permanent disabilities in 
a single incident 

• Unconf ined and widespread 
• Env ironmental damage or 

ef f ect (permanent; >10 
y ears) 

• Requires major remediation  

• >$500M operating 
prof it 

• >$200M property  
damage 

• Loss of  multiple major customers or large proportion of sales contracts 
• Sustained campaign by one or more international NGOs resulting in 

phy sical impact on the assets or loss of ability to operate 
• Security  incident resulting in multiple fatalities or major equipment 

damage 
• Formal expression of significant dissatisfaction by government 
• Griev ance from internal or external stakeholder alleging human rights 

v iolation resulting in multiple fatalities 
• Loss of  multiple major customers or large proportion of sales contracts 

• Major litigation / 
prosecution at Glencore 
corporate lev el 

• Nationalisation / loss of 
licence to operate 

4 Major • Single incident resulting 
in: Less than 5  
Fatalities 

• Permanent Damage 
Injury  or Disease  that 
results in a permanent 
disability - less than 5 
cases in a single 
incident 

• Long-term (2 to 10 y ears) 
impact  

• Requires significant 
remediation  

• $100-500M operating 
prof it 

• $50-200M property  
damage 

• Security / stakeholder incident resulting in single loss of life or equipment 
damage 

• Griev ance from internal or external stakeholder alleging human rights 
v iolation resulting in single fatality or serious injuries 

• Topic of  broad societal concern and criticism 
• Negativ e media coverage at international level resulting in a Corporate 

statement within 24 hours 
• Inv estigation from government and/ or international (or high-profile) 

NGOs 
• Complaints from multiple “final” customers 
• Loss of  major customer 
• Negativ e impact on share price 

• Major litigation / 
prosecution at 
Department level 

3 Moderate • Lost Time Injury (LTI) 
• Lost Time Disease 

(LTD)  
• Permanent Disabling 

Injury  (PDI) 
• Permanent Disabling 

Disease (PDD) 
• Single incident that 

results in multiple  
medical treatments 

• Medium-term (<2 y ears) 
impact (typically within a 
y ear) 

• Requires moderate 
remediation  

• $50-100M operating 
prof it 

• $5-50M property  
damage 

• Negativ e media coverage at  national  lev el over more than one day 
• Complaint from a “final” customer 
• Of f -spec product 
• Local Stakeholder action resulting in national societal scrutiny  

• Major litigation / 
prosecution at Operation 
lev el 

2 Minor • Medical Treatment Injury 
(MTI)  

• Medical Treatment 
Disease (MTD) 

• Restricted Work Injury 
(RWI) 

• Restricted Work Disease 
(RWD) 

• Near source 
• Short-term impact (typically 

<week) 
• Requires minor remediation  

• $5-50M operating 
prof it 

• $1-5M property  
damage 

• Negativ e local/ regional media coverage 
• Complaint received from an internal or external stakeholder 

• Regulation breaches 
resulting in f ine or 
litigation 

1 Negligible • First Aid Injury (FAI)  or  
illness (not considered 
disease or disorder) 

• Near source and confined 
• No lasting environmental 

damage or ef fect (typically 
<day ) 

• Requires minor  or no 
remediation 

• <$5M operating prof it 
• <$1M property  

damage 

• Negligible media interest • Regulation breaches 
without f ine or litigation 
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Table 14 Key risks associated w ith activities undertaken at CSA Mine over the MOP term 
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Surface w ater 8M - 3L 6L 3L 8M 9M 5L 8M 5L 5L 5L 

Ground w ater 8M - 3L 6L 5L 9M 5L 5L 8M 1L 5L - 

Contaminated/ polluted 
land 5L 3L 3L 8M 5L 8M 12M 4L 7M 4L 5L - 

Hazardous substances 
contamination - - 5L - 8M 5L 8M - 5L - 5L 5L 

Flora 8M 9M 10M 6L - 6L - 6L 3L - - 13M 

Fauna 8M 9M 10M 3L - 6L - 9M 3L - - 13M 

Weeds and pests 
management 1L 8M 3L 5L - - - 5L 2L 4L 3L 8M 

Operational noise 4L 4L 7M 7M 4L 5L 7M 4L 3L - - 5L 

Vibration and blasting - - - - 4L - - - - - - 1L 

Visual amenity, stray 
light  1L 1L 3L - - 4L 7M 2L - 4L 2L 1L 

Aboriginal heritage 6L M10 6L 6L - 6L - 6L 6L  - - 3L 

European heritage 6L 6L 3L - - 6L - 6L 6L - - 3L 
Spontaneous 
combustion 6L - 3L 3L 6L - 9M - - - 6L - 

Bushfire 6L 10M - 6L 6L - - - - - 9M 6L 

Mine subsidence - - - - 18H - - - - - - - 
Methane drainage / 
ventilation - - - - - - - - - 4L - - 

Public Safety 10M - 10M 10M - 5L 5L 6L 7M 13M 2L 6L 

 

  



  Mining Operations Plan  

32 
 

3.2 Environmental Risk Management 
Table 11 in Section 3.1 summarises the key risks associated w ith mining activities at the CSA mine over the term 
of the MOP.   

In Section 3.2.1, the major environmental risks that affect rehabilitation at the CSA mine are further discussed and 
an overview  of general mitigation measures provided.  Section 3.3 details the environmental risks and mitigation 
measures associated w ith specif ic operational activities that may affect rehabilitation. The environmental aspects 
(hazards) of all mining activities (including mine closure) are tabled in the detailed Environmental Risk Register 
(REG-030-2017), w hich addresses all identif ied environmental risks and associated mitigation measures (Appendix 
O).  

The Environmental Risk Register is review ed annually to ensure current risks are captured and the level of risk 
appropriately assessed. Mitigation measures are developed for planned or new  developments and new  or modif ied 
activities, products and services. 

 

 

3.2.1 Environmental Management at CSA Mine 

3.2.1.1 Environmental Management System 

CMPL has in place an Environmental Management System (EMS) w hich is designed so that CMPL can: 

- Effectively manage its potential environmental issues; 

- Ensure compliance w ith regulatory requirements; 

- Continually improve its environmental performance; and 

- Satisfy the expectations of stakeholders and the local community. 

The EMS forms the basis of environmental management at CMPL and includes procedures, standards and 
environmental management plans (EMP) to ensure all regulatory requirements are met. This MOP (and any 
subsequent revisions) w ill form part of the EMS.   

 

Figure 4 lists the standards and procedures associated w ith the EMS. The EMS w ill continue to operate during and 
follow ing mine closure to ensure all environmental (including monitoring and management) and social 
responsibilities are met for up to f ive years after mine closure or as approved by relevant regulators. 

All CMPL employees and contractors are trained in incident reporting and investigations through the induction 
program. Incidents are reported internally and recorded in an incident data base.  Incidents involving the death or 
injury to fauna on or associated w ith the TSF, and/or incidents causing or threatening material harm to the 
environment are reported to the Environment Protection Authority (EPA).   

A Pollution Incident Response Management Plan (PIRMP) has been prepared in accordance w ith the EPA’s  
Requirements for the Preparation and Implementing of Pollution Incident Response Management Plans (2012) to 
satisfy the requirements of ss153A -153F of the Protection of the Environment Operations Act 1999 (POEO Act), 
Part 3A of the Protection of the Environment Operations (General) Regulation 2009.  

CMPL maintains a 24-hour telephone complaints line in accordance w ith the requirements of EPL 1864. 

 

3.2.1.2 CMPL Environmental Services 

CMPL has established a team of environmental specialists to implement and audit the requirements of the EMS 
and EMP. 
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3.2.1.3 Auditing and inspections 

CPML Environmental Services conduct a number of audits and inspections throughout the year, including regular  
internal EMS and compliance audits and other less routine audits. Site based environmental personnel also conduct 
regular inspections of all w ork areas. 

 

3.2.1.4 Environmental reporting 

CSA submit an Annual Return comprising a Statement of Compliance and a Monitoring and Complaints Summary  
to the EPA in August of each year.  An Annual Environmental Management Report (AEMR) is produced for the 
CSA Mine to fulf il the reporting requirements of the Land and Property Management Authority (LPMA), Dams Safety 
Committee (DSC), Cobar Shire Council (CSC) and the NSW Department of Planning, Industry and Environment 
This report compiles monitoring results and discusses trends, system changes and responses to any potential 
issues identif ied during monitoring. Targets and future initiatives are also identif ied.  
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Figure 4 CMPL Environmental Management System Framework 
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3.2.2 Air Quality 

A condition of CSA’s EPL is that the premises must be maintained in a condition w hich minimises or prevents the 
emission of dust from the premises.  Mitigation measures used at CSA to minimise dust pollution are continuously  
implemented and include: 

- Water sprays underground and at key ore transfer locations on surface;  

- Sealed roadw ays in high traff ic areas; 

- Low  speed limits on unsealed roads and tracks; 

- Water trucks operated w hen unsealed roads are being used intensely and during construction activities; and 

- Dust suppression trials. 

Water sprays supress dust in underground w ork areas and minimise dust emitted by ventilation exhaust fans on 
the surface. The exception to this control is after a blast w hen the ventilation system, as per its design, clears dust 
from the underground w orkings as quickly as possible. The quantity of dust reaching the surface vents under these 
circumstances is limited and for short periods only. 

CMPL also implements an Environmental Monitoring Program w hich includes an Air Quality Monitoring Program. 
The CSA Mine operates and maintains a netw ork of sixteen (16) depositional dust gauges located at strategic 
locations throughout the CSA Mine site. Monitoring of depositional dust is undertaken in accordance w ith the 
Protection of the Environment Operations (Clean Air) Regulation 2002 and guidelines specif ied in the OEH 
publication Approved Methods for the Sampling and Analysis of Air Pollutants in NSW’.  

Depositional dust samples are collected monthly and analysed by an offsite NATA accredited laboratory to 
determine dust content. If  elevated dust levels are detected in a location, CSA investigate and identify the cause 
and develop mitigation actions. The results assist in the measurement and mitigation of potential air quality impacts .  

In addition to dust emissions, the mining operations generate emissions to air through the use of machinery (diesel 
emissions) and other various chemical substances. These emissions are quantif ied on an annual basis via the 
National Pollutant Inventory (NPI), w hich covers the f inancial period from July to June annually. 

 

3.2.3 Erosion and Sedimentation 

Erosion and sedimentation are managed at the CSA Mine site through the CMPL Site Water Management Plan 
(2013) and the Stormwater Drainage Improvement Plan (2009). The CSA Mine Environmental Monitoring Program 
also includes a Surface Water Quality Monitoring Program, w hich monitors w ater samples taken tw o-monthly from 
tw elve monitoring locations throughout the mine site. 

The CSA Mine maintains bunds, w ater diversion drains and catchment dams w ithin the Mining Lease area to 
mitigate potential erosion and sedimentation impacts. These structures are managed through regular monitoring 
and preventative maintenance. Off-lease erosion and sedimentation from w ater runoff originating on the mine site 
is prevented by the presence of numerous collection drains, bunds and dams in all the major catchments on site so 
that contaminated w ater and w aterborne sediment is contained w ithin the disturbed areas around the mine site. 

The high evaporation rates experienced in this region mean that the smaller catchment dams are dry for much of 
the year. The dams’ capacities and structural integrity are monitored during the monthly environmental monitoring 
program conducted by the Environment Advisor. Periodic cleaning of the sediment dams occurs on an ‘as needed’ 
basis w ith all f ines disposed to the tailings dam. 

In addition, erosion and sedimentation issues specif ic to the tailings storage facility (TSF) are managed through the 
STSF Operational Manual (2010), the STSF Soil and Water Management Plan (2010) and the STSF Stormwater  
Management Plan (2010). The STSF is monitored for structural erosion once every three months by a qualif ied 
expert consultant. Weekly and monthly monitoring are conducted by Ore Processing Personnel for the detection of 
erosive damage that may cause potential failure of structures. The Environmental Monitoring Program 
(implemented by the Environmental Advisor) also includes a monthly inspection of the STSF. Additional erosion 
inspections are undertaken follow ing rainfall events exceeding 25 mm in 24 hours. Furthermore, a general TSF 
inspection is undertaken once per 12-hour shift by Mill Operators. 
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3.2.4 Surface Water 

3.2.4.1 Surface Water Management 

Surface w ater is managed through CMPL Environmental Management Standard EMS 06 Water Management, and 
in accordance w ith the CMPL Site Water Management Plan (2013) and the STSF’s Soil and Water Management 
Plan (2010) and Stormwater Management Plan (2010). The main objectives of w ater management at the CSA Mine 
are to: 

- Avoid discharges of contaminated and dirty w ater from site; 

- Reduce the importation of w ater from an external w ater source; 

- Reduce w ater losses by evaporation, seepage and in w aste and product concentrate; 

- Reduce w ater demand through improvement to site operations and understanding of operational w ater use; 

- Maximise w ater reuse on site by recycling w here possible and practical; and 

- Separation of w ater streams, w here practical. 

Surface w ater is managed at the CSA Mine by diverting clean stormw ater aw ay from operational areas and by 
containing all contaminated w aters (runoff, process and mine reclaim w ater) on site. The CSA Mine is a nil discharge 
site w hich ensures all contaminated and potentially contaminated w ater remains on site. Process w ater from the 
ore processing plant and w ater from mine dew atering is recycled through the plant. Water sources in the mine are 
contained in backfill, w hich drains out of the f illed stopes and raw  w ater pumped underground for various uses 
including dust suppression. Stormw ater runoff is channelled via drains to several catchment dams onsite (CMPL 
2009). 

Runoff is controlled by 35 catchments w ithin the Mining Lease boundaries and prevented from leaving site.  The 
site has 28 catchments that f low  to harvesting locations. The remaining catchments drain tow ards small storage 
ponds that evaporate or inf iltrate into the ground and are not part of the w ater management system. A summary of 
all w ater storages at the CSA Mine is provided in Table 15 and their locations are show n in Figure 5.  

Catchment areas classif ied as contaminated or dirty make up approximately 53.5 ha. The contaminated catchments  
lie generally around the Ore Processing Mill and main site infrastructure areas, and include the area east of the 
mine decline portal. The mill and main site infrastructure catchments drain to Borrow  Pit Dam. The catchment areas 
for clean w ater comprise approximately 59.5 ha, and are made up of catchments to the south, w est and northw est 
of the main site infrastructure, and an area to the east of the rail line. These catchments either drain to Borrow  Pit 
Dam or to a number of small collection dams w hich also receive rainfall runoff. The w ater that f low s into these small 
dams evaporates or inf iltrates into the ground and is not reused on site.  

- The Borrow  Pit Dam, located behind the Ore Processing Plant, is the main stormw ater catchment dam. It is 
maintained at a low  level throughout the year to ensure adequate w ater storage capacity follow ing a large 
rainfall event w hen w ater from other dams across site can be pumped to it. 

- Pork Pie Dam is the key w ater storage at CSA. Water from the Borrow  Pit Dam is pumped directly into the 
Pork Pie Dam. 

- The TSF catchments are not designed for w ater storage.  The Decant Dam is located on the southern side of 
the STSF and comprises three compartments, one of w hich is geomembrane lined for the collection of 
supernatant w ater and stormw ater runoff from the STSF. The dam is sized to satisfy environmental 
containment freeboard criteria under NSW Dam Safety Committee guidelines, w ith surplus for operational 
w ater. Water is primarily pumped from the sump in the southw est corner of the lined compartment to Pork Pie 
Dam.   The North Tailings Storage Facility (NTSF) has been excised from the CML5 lease and w ater captured 
w ithin the dam is left to evaporate. 

The dams on site must maintain a 300 mm freeboard at all times. The condition and capacity of all dams are 
inspected after every rainfall event greater than 25 mm in 24 hours. If  a dam is reaching its capacity, portable w ater 
pumps are utilised to pump w ater to Borrow  Pit or Pork Pie Dams.  
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Dams above 5 ML have spillw ays that ensure w ater levels cannot overtop the dam w alls. A review  of Borrow  Pit 
Dam w as conducted in 2014 and a spillw ay w as installed in 2015.  The w ater level of this dam is kept low  and in 
the event of a high rainfall, any stored w ater is pumped to Pork Pie Dam.   

Due to high regional evaporation rates, accumulated rainfall run off captured in the dams is dried out rapidly.  Pork 
Pie, the mine process w ater dam, is the only dam that maintains continuous w ater levels.  It has no surrounding 
catchment and is ring-lock fenced to prevent animal access. 

Tw o old mine dams located on MPL1093 and MPL1094 to the north-w est of the CSA Mine site (constructed as a 
mine w ater supply prior to the 1960’s) are utilised as a reserve w ater source and their baseline w ater quality is 
monitored. Their catchment areas are large and relatively undisturbed, comprising w oodland and open w oodland 
w ith a shrub and grass understory.  These are show n on Plan 1b.  

The CSA Mine has contingency plans in place for w ater supply during drought conditions including surface ore 
stockpiling, w ater harvesting from surface catchment dams w ithin its Mining Lease boundaries, as w ell as 
investigating potential groundw ater sources w ithin CML5.  

 
Table 15  CSA Mine surface water storage dams 

Storage Dam Storage Capacity (ML) 

Clean Water 

Old Mine Dam (North) (MPL1093) – Harvesting dam 1 8 

Old Mine Dam (South) (MPL1094) - Harvesting dam 2 6 

TSF Stormw ater Collection Dam 5 

Raw  Water Storage Tank 1 

Dirty Water 

Railw ay Dam 4.79 

Wash Bay Evaporation Pond 0.03 

Contaminated / Dirty Water 

Borrow  Pit Dam 17.57 

Retention Dam 2.99 

Old Smelter Runoff Dam 2.04 

North Runoff Dam 1.34 

Old CSA Spoils Dam (excised area) 4.66 

Pork Pie Dam 25.9 

North TSF 1,060 

South TSF 17 

STSF Extension 5 

TSF Decant Dams (combined) 93 

Total 1,261.32 
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Figure 5 Existing Water Storages 
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3.2.4.2 Surface Water Monitoring 

The Surface Water Quality Monitoring Program implemented at the CSA Mine monitors samples taken tw o-monthly 
from tw elve active w ater storage structures throughout the mine site. Many site catchments and their associated 
dams only become w et immediately after large rainfall events; therefore, the number of w ater quality samples for 
each catchment varies. 

All samples are tested for pH and electrical conductivity in the f ield before sending off site to a NATA approved 
laboratory for determination of copper, iron, lead, zinc, and sulphate concentrations. Water quality is compared to 
the Australian and New  Zealand Conservation Council (ANZECC) guidelines for irrigation and general use w ater. 
As stock is not permitted on the mine site, the only use for these catchment dams is either as reclaim back to the 
plant for use as process w ater, or loss by evaporation.  In the absence of ANZECC general w ater use guidelines , 
ANZECC stock w ater guidelines are used. Any abnormal results are investigated to determine their likely cause 
and any requirements for the implementation of additional controls and/or remediation. 

3.2.5 Groundwater 

The mine site is currently dry w ith no inflow  of natural groundw ater. A general overview  of groundw ater in the Cobar 
area w as provided by Dames & Moore (1998). Groundw ater w as said to be present in rock fractures resulting in 
low  supply rates and is saline w ith the w ater table at approximately 30 to 40 m depth.  Groundw ater is rarely if  at all 
intersected by exploration drilling on the mining lease and is not evident in the underground mine. There are no 
licensed groundw ater abstractions in the vicinity of the site. The nearest licensed abstraction w as reported to be 
located approximately 30 km to the east of the site. 

 

3.2.5.1 Groundwater bores 

CSA has thirteen (13) groundw ater bores made up of both diesel and a combination of diesel and solar w ith (Licence 
85WA753710). In September 2017, CSA purchased a 300 ML parcel of Lachlan Fold Belt groundw ater. 

All bores w ere tested for draw dow n and replenishment before pumping. The groundw ater is sent via surface 
pipelines to an array of new  settling ponds (Section 2.2.3.14) or directly to Pork Pie Dam and new  w ater tanks. 
Investigations w ill be conducted to determine w hether pre-treatment is required prior to the w ater entering the 
settling ponds.  Groundw ater exploration w ill continue to identify new  and potential sites for groundw ater harvesting 
on site. 

 

3.2.5.2 Groundwater Monitoring 

There are 38 standpipe piezometer ground w ater monitoring locations in total at the CSA Mine; 26 standpipes  
around the STSF and 12 around the NTSF. The locations of the piezometers are determined by dam engineers  
(Golder Associates) to provide complete coverage of the facility. The piezometers are used to monitor the depth 
and quality of any w ater generated by seepage from the TSF. Piezometers indicate w ater as shallow  as 2.93 m 
below  surface and as deep as 23 m. There are no requirements from a dam safety perspective to sample w ater 
from standpipe piezometers, only the w ater level of piezometers needs to be measured for dam integrity purposes.   

There are three groundw ater monitoring bores located to the east of the STSF; these have been installed to 92 m, 
14.8 m and 54 m (respectively). The bores are installed on the dow n gradient of the TSF (the most likely seepage 
pathw ay) and are designed to provide data on the potential for TSF and groundw ater interaction. 

The CSA Mine established a monitoring program in 2011 to measure the depth of ground w ater from pilot holes  
drilled in 2010 surrounding the STSF and NTSF. Consultants w ere commissioned to investigate the potential for 
groundw ater harvesting in local ground w ater systems. The report by consultants Aquaterra completed in 2010 
concluded that there w as no likely connection betw een the TSF and local ground w ater systems.  

To confirm the f indings of the report and understand local ground w ater conditions over an extended period of time, 
the w ater bores are measured tw o-monthly by the Environmental Advisor. The recorded depths indicate the 
groundw ater bores are very stable, w ith the maximum variation in depth recorded at 3.25 m. The small variations  
(0 m – 3 m) recorded in deep pilot holes (80 m – 100 m) are a likely result of inf iltration from rainfall.  
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The monitoring results confirmed the f indings of the consultant report indicating no connection betw een the TSF 
and local ground w ater systems. Pilot holes w ill continued to be monitored during the MOP period to provide 
baseline data of local ground w ater systems and w ill be used as supporting evidence for any future TSF upgrades. 

3.2.6 Contaminated and Polluted Land 

Surface contamination of soils has occurred throughout the CSA Mine site from various past mining activities  
including old tailings deposits, decline w aste stockpiles, and w astes from a surface smelter. Elevated levels of 
copper (Cu), lead (Pb), zinc (Zn) and other heavy metals are likely to remain in these areas although the dumps  
have since been removed. 

CMPL commissioned a progressive soil sampling program in December 2010 to investigate areas of know n and 
suspected contamination on the CSA Mine Site. Soil quality analyses found that contamination w ithin individual 
catchments is highly variable, ranging from reasonably good soil quality to areas w hich exhibit multiple stressors, 
including high salinity, low  pH, potential acidity and elevated heavy metal concentrations. In particular, very high 
concentrations of copper and lead w ere found around the ore processing area. 

Soil sampling in rehabilitation sites is undertaken annually as part of the rehabilitation monitoring program.  The 
sites w ere assessed against background soil data to provide an indication of the potential success of vegetation 
establishment at each site for given pH, metals, essential nutrients and salinity levels. Background ranges are based 
on the soil properties of soils in undisturbed areas outside of the operational area of the mine.    

Confirmed sites of contamination are primarily the result of elevated Pb, Cu and Zn concentrations above NEPM 
EILs and background levels. Contaminated sites exhibit a low er pH and are likely to impede the establishment of 
vegetation. Although contaminated sites have higher salinity levels compared to measured background levels, 
salinity levels are not high enough in the majority of contaminated sites to be a limiting factor in rehabilitation. 

3.2.7 Hazardous Substances Contamination 

Hazardous hydrocarbon substances are managed through CMPL Environmental Management Standard EMS 03 
Chemical and Hydrocarbon Management, and the CMPL Major Hazard Management Plan for Hazardous 
Substances and Dangerous Goods (PLN-046) (2011). 

Any new  substance must be approved prior to being brought to site. Notif ications of Dangerous Goods stored on 
the premises are submitted to NSW WorkCover annually.  Hydrocarbon storage, handling and disposal are carried 
out in accordance w ith the CMPL Chemical and Hydrocarbon Storage and Disposal Procedure (PRO-159) 
developed in compliance w ith all relevant Dangerous Goods legislation, WorkCover Codes of Practice, and 
applicable Australian Standards.  

- Storage of all hazardous substances and dangerous goods on site must be in accordance w ith the Managing 
Risks of Hazardous Chemicals in the Workplace Code of Practice (2012), all applicable Australian Standards  
and Work Cover licensing requirements. 

Minimum requirements for all storage facilities at the CSA Mine includes: 

• Spill pallets to be used if not stored in a bunded area;  
• Bunding w ith an impervious material to contain at least 110% of the largest container w ithin the bunded 

area;  
• All permanent bunds are to be equipped w ith a release valve or mechanism for the release of rainw ater;  
• Bunds must be checked after rainfall and emptied if  required;  
• The clear display and availability of SDS sheets for each substance stored w ithin the facility illustrating the 

substance name, dangerous goods class, packaging group and emergency response details;  
• The display of labels on all individual containers;  
• Effective measures to exclude rain and surface stormw ater run-off from the storage area;  
• Spill management and appropriate w arning or safety signage;  
• Storage areas should be w ell secured and access limited to authorised persons; and 
• Easy access for emergency response and spill clean-up teams.  

Prior to any new  substances being stored on site the product SDS shall be consulted to identify specif ic storage 
requirements and to ensure non-compatible products are not stored together.  
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The main storage areas shall have signs displayed highlighting storage requirements for different classes of 
dangerous goods. 

Spill kits are available at various locations around the site and staff are trained and inducted into the use of these 
kits. All fuel and oil tanks on site are bunded. There is one oil/w ater separator located in the surface w orkshop. 
Additionally, CMPL manage hazardous material through the ChemAlert system w here all chemicals used on site 
are registered through a central database. The central database contains all information contained in the MSDS 
and an inventory of chemicals held onsite. The information can be accessed at any computer terminal w ithin the 
operation and provide guidance on storage, use and disposal. 

3.2.8 Fauna and Flora 

Native fauna and f lora are managed in accordance w ith the requirements stipulated in the follow ing plans and 
procedures: 

- Exploration Environmental Management Plan (PLN-016) (2017); 

- Surface Exploration Environmental Procedure (PRO-273); 

- CSA Environmental Management Plan (MP-1066) 

- Reptile Handling Procedure (PRO-278); and 

- Tailings Dam Bogged Fauna Procedure (PRO-1144). 

Additionally, biodiversity assessments of the CSA Mine site are regularly conducted to inform the fauna and f lora 
species present on site, and assess the likelihood of threatened and migratory biota occurrence. A biodiversity  
assessment w as conducted in 2012 (EnviroKey 2012) and a second assessment w ill be undertaken in 2021. Further  
details on the main biodiversity features at the CSA Mine are provided in Section 6.4. 

CMPL’s environmental objectives aim to ensure the clearing of native vegetation is minimised w herever possible. 
No vegetative cover w ithin the lease area is permitted to be cut, destroyed, ringbarked or removed except if  such 
vegetation directly obstructs or prevents the carrying on of operations (as per CML5 lease conditions). Any clearing 
not authorised under the Mining Act 1992 must comply w ith the provisions of the Local Land Services Act 2013 and 
the Biodiversity Conservation Act 2016, and shall occur only follow ing authorisation by the Environmental Advisor. 

In accordance w ith CMPL’s environmental assessment system Site Disturbance Permit - Pre-Disturbance Baseline 
Study and Permit (FRM-384), all proposed drill sites, roads and tracks are checked for existing fauna and f lora 
species prior to any site disturbance or exploration activity. If  any fauna is encountered during the permitted activity, 
w ork is stopped until the area is clear.  

The conditions of the Site Disturbance Permit include controls to minimise or mitigate potential impacts and 
rehabilitation conditions w ith measurable outcomes, to return the disturbed site to its original or an improved 
condition. 

 

3.2.9 Weeds and Vertebrate Pests Management 

3.2.9.1 Weeds 

Weed species at the CSA Mine are managed through the CMPL Weed Management Plan (PLN-019). 

Weeds have not been noted as problematic in the past and no outbreaks have been recorded. Environmental 
Personnel are trained in the identif ication and reporting of noxious w eeds and regular inspections of the lease area 
are undertaken. If w eed infestations are encountered, CMPL w ill employ species-specif ic management strategies 
as outlined in the Weed Management Plan. 
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3.2.9.2 Vertebrate Pests      

Vertebrate and feral pests are managed in accordance w ith the CMPL Pest Animal Management Plan (PLN-029)  
(2012). 

The objective of pest management at the CSA Mine site is to reduce the infestation of pest animal species to a level 
deemed to be ecologically sustainable such that these species: have limited impact on the native fauna and f lora 
on CML5, do not negatively impact rehabilitation sites and do not inhibit the operation of the CSA Mine. 

To achieve this objective, strategies and control techniques such as trapping, baiting and exclusion, combined w ith 
continued monitoring of pest population levels are utilised. 

 

3.2.10 Operational Noise 

The CSA Mine EPL 1864 does not specify noise limits or monitoring requirements for operational noise. Overall,  
the distance of the CSA Mine site from the tow nship of Cobar (11km) and from residential properties on surrounding 
land (minimum 3 km) assists w ith the lack of operational noise complaints. 

Blasting and crushing are the tw o noisiest operations at the CSA Mine. Both occur more than 700 m underground 
and are not audible from the surface. The grinding circuit, adjacent to the concentrator, is the loudest operation on 
the mine surface. Various pieces of mobile plant equipment are occasionally used for various surface w orks, such 
as for tailings dam construction. Such surface activities are typical operations of a mine site, and do not require 
noise monitoring. 

 

3.2.11 Vibration and Blasting 

The CSA Mine EPL 1864 does not specify blasting limits, ground vibration impact assessment criteria or monitoring 
requirements.  How ever, CSA ensures these activities are carried out in accordance w ith Conditions 11(a) and 
11(b) of the CSA’s mining lease (CML5), w hich require that specif ic ground vibration and blast overpressure noise 
limits are met. 

All blasting is confined to the underground mine w orkings at a depth greater than 1 km and is not audible at the 
surface.  The mining method adopted at CSA uses small charges, bulk emulsion and ANFO initiated by the use of 
electronic detonation, less than 500 kg of explosives are consumed per delay. While this method remains in use, 
no surface noise is audible and surface monitoring for noise or vibration is not required. Crushing occurs more than 
700 m underground and is also not audible from the surface.   

 

3.2.12 Visual amenity and stray light 

Lighting is restricted to the small operational area on surface and/or vehicle movements w ithin CML 5.  The main 
sources of visual or stray light occurring on CMPL include: 

• Processing facilities & product stockpiling/handling 
• Exploration activities; 
• Construction activities including earth moving; 
• Surface vehicle movement. 

The CSA Mine site is over 3 km from the nearest residence and 11 km from the tow nship of Cobar and stray light 
pollution does not impact on surrounding neighbours or the tow nship of Cobar.  CMPL has never received a 
complaint in regard to light and no visual or stray light monitoring of quality criteria is required.   
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3.2.13 Aboriginal heritage 

Aboriginal cultural heritage is managed through CMPL Environmental Management Standard EMS 08 Heritage and 
Cultural Awareness, w hich includes protection measures specif ied in the follow ing plans: 

- Exploration Environmental Management Plan (PLN-016); and 

Cultural Heritage and Archaeological Assessment of CML5 – Consultant Report (PLN-032). 

An investigation of available records reveals that the grant of Western Lands Lease 731 in perpetuity is a previous 
exclusive possession act under the provisions of the Native Title Act 1993 (Cth), and native title in the land was 
extinguished by that past dealing (DIPNR 2006).  A Cultural Heritage Survey conducted by external consultants in 
2007 (CEC 2007) did not identify any signif icant Aboriginal heritage at the CSA Mine. 

Notw ithstanding, CMPL is committed to maintaining good relationships w ith the traditional ow ners of the land (the 
Ngiyampaa people). Staff undertaking surface exploration activities are provided w ith information to allow  them to 
recognise Aboriginal heritage sites or artefacts. All locations w here surface disturbance or exploration activities are 
planned e.g. proposed drill sites, roads and tracks, are checked prior to any disturbance activity for potential 
Aboriginal heritage sites.  In accordance w ith CMPL’s Site Disturbance Permit-Pre-disturbance Baseline Study and 
Permit requirements, all disturbance permits include the condition that if  any items of cultural heritage signif icance 
are found, all w ork must stop immediately and DECCW consulted to determine if an AHIP is required. 

CMPL employees and contractors are instructed to notify the presence of sites of potential importance so that they 
may be further examined and appropriate actions taken as a result of any f indings. Sites are then documented and 
identif ied, w ith the appropriate department notif ied for confirmation of status and management advice.  

Any Aboriginal archaeological f inds, artefacts or information concerning Aboriginal sites that are passed on to CMPL 
are appropriately handled and reported to the NSW OEH w ithin reasonable time of being aw are of the location or 
discovery. No Aboriginal place, object or relic is to be disturbed or damaged w ithout the consent or authorisation of 
the OEH. 

The Due Diligence Code of Practice for the Protection of the Aboriginal Objects (DECCW 2010) is utilised by the 
CSA Mine in the assessment of new  projects and in all exploration activities undertaken on the mining and 
exploration leases. The code outlines a ‘Due Diligence’ process to ensure there is no unintended harm to Aboriginal 
artefacts. 

 

3.2.14 European heritage 

Heritage items w ithin CML5 are managed according to the relevant legislation and guidelines, namely the National 
Parks and Wildlife Act 1974, the Heritage Act 1977 and the Environmental Planning and Assessment Act 1979. Any 
heritage assessment required is also conducted in accordance w ith the Cobar Local Environmental Plan 2012 (LEP)  
(CSC 2012). 

Identif ied European heritage sites on CML5 include: 

- Mining Quarters – the site of a miner’s quarters erected in the 1960’s is located approximately 400 m south-
w est of the CSA Mine administration building. The site once contained f ive houses and one sw imming pool; 
these w ere removed after mine closure in 1998. The only remaining remnants are the bitumen road, some 
cleared areas w ith stockpiles of topsoil, and some garden beds that continue to grow  exotic garden species. 

- “Eloura” – located 1.5 km from the CSA Mine site. This area show s remnants of old rock gardens and buildings .  
Most of the older buildings w ere removed during mine upgrades in the 1950s and 1960s. 

- CSA Pow er House – contains f ive HSF8 Mirrlees diesel engines, manufactured in 1951 by Mirrlees, Bickerton 
and Day in Stockport, England. The f ive engines represent excellent examples of medium sized stationary 
engines of the mid-20th century and combined w ith the brush alternators they are an increasingly rare example 
of turbocharged technology f itted to diesel engines, a technology previously used to provide pow er in rural 
Australia.  Recognising their heritage signif icance CMPL engaged specialist consultants in February 2011 to 
complete an archival recording of both the pow erhouse and the engines consistent w ith OEH Guidelines (GML 
2011). The Mirrlees diesel engines w ere subsequently placed on the National Trust of NSW Heritage Register  
in July 2011. This register how ever is non-statutory w ith no legal implications for their conservation or 
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restrictions on development. CMPL plans to retain the Mirrlees Engines in situ w ithin the Pow erhouse at the 
CSA Mine for the foreseeable future. This decision w ill be review ed w ith the progression of the major shaft 
extension project w hich w ill extend the life of the mine and includes the installation of additional site 
infrastructure and a signif icant increase in personnel on site. 

 

3.2.15 Spontaneous combustion 

History has show n that there are no items w hich pose a high direct risk of spontaneous combustion at the CSA  
Mine. Tw o minor incidents have been recorded since reopening the CSA in 1999. Both incidents occurred on 
surface and involved smouldering Cu concentrate at the mill. Mineralogical assessment of the concentrate at the 
time failed to identify any contributing factors for these incidents. Whilst some Cu concentrate has show n signs of 
spontaneous combustion, it is considered a minor risk, and is easily prevented by regular hosing dow n, clean-up of 
the Ore Processing area and stockpile management including stock rotation. 

 

3.2.16 Bushfire 

No fires have been recorded on the CSA mining lease in the past. As a result of the previous prolonged drought, 
coupled w ith grazing by feral goats and native animals, the overall ground cover at the site is generally minimal, 
and therefore the bushfire threat is quite low .  

In order to reduce the risk of f ire, f irebreaks are regularly maintained around the perimeter of the operational and 
infrastructure areas. No open f ires are permitted on site for land clearing or f ire breaks, except in accordance w ith 
a bushfire hazard reduction certif icate issued by CSC. All total f ire bans are observed.  

Hot w ork permits are mandatory on site for all w ork performed outside w orkshops (and other designated areas) that 
could generate a f lame, f ire, heat or sparks. This could include (but not limited to) w elding, soldering, thermal 
cutting/heating, grinding, use of electric pow er tools or lighting f ires. 

All on-site staff are inducted and educated on the dangers of f ire. They are trained in the location and correct use 
of f ire extinguishers and hydrants in their w ork areas. The CSA Mine Rescue Team is equipped and trained to assist 
in the event of bushfires on/near the mining lease. In addition, the Cobar Rural Fire Brigade is situated on the north 
side of tow n and can be at the CSA Mine site to respond to any surface vegetation f ire w ithin 15 minutes.  

 

3.2.17 Mine subsidence 

The CSA Mine subsidence zone is located over 1 km laterally from the current stoping and development activities, 
in an area that have been excised from the Mining Lease since subsidence occurred prior to CMPL taking over the 
mine operations. 

Due to the current mining operations being signif icantly deep in the mine and the implementation of modern mining 
techniques and ground support, it is very unlikely that there w ill be another failure through to the surface. The only 
open void of concern is located underground at 4 Level, just off the main decline. This underground stope has been 
open for approximately 30 years and is monitored periodically. 

The current backfilling method is a paste f ill w ith a combination of f iltered tailings cake, cement and occasionally, 
w ith w aste rocks. The methodology is to f ill all voids created by stope extraction. Stope voids w hich are going to be 
exposed again by the stope extraction activities adjacent to them are f illed by placing a 10-15 m high 1 Mpa paste 
‘plug’ in the bottom of the void and then f illing the remaining void w ith a low er strength paste product depending on 
the geometry of the stope void. If  only one side of the stope void is to be exposed by the next stope then w aste rock 
can be placed in the non-exposed side of the void creating w hat is termed co-disposal. Stope voids w hich are not 
going to be exposed are f illed w ith a 10-15 m high 1 Mpa paste ‘plug’ follow ed by w aste rock. The top dow n mining 
method used at the CSA Mine requires that a 10 -15 m 1 Mpa paste plug be placed at the bottom of stope voids to 
allow  development back through the bottom of the stopes for the extraction of the stopes below . If there are no 
stopes planned below  a stope void then the void is completely f illed w ith w aste rock. 



  Mining Operations Plan  

45 
 

Given these backfilling methods, it is considered that the likelihood of any underground voids collapsing and 
propagating to the surface is extremely unlikely. 

 

3.2.18 Methane Drainage / Ventilation 

Ventilation in the underground mine is managed through the Mine Ventilation System. This system circulates fresh 
air through the underground w orkings in order to: 

- Supply breathable, oxygenated air to underground personnel; and 

- Remove dust, fumes, toxic and f lammable gases from the underground environment (through return air w ays) 
and cool w orking areas by removing heat emitted by the surrounding rock and diesel equipment. 

Underground gases issues and risks are managed as per the CMPL CSA-MIN-MP-2003 Underground Flammable 
Gas Management Plan (Feb 2012). Deep exploration diamond drilling w ithin the underground mine occasionally  
encounters a f lammable gas mixture comprising hydrogen (approximately 80%) and methane (approximately 20%). 
Such occurrences are rare, short term and of a very small magnitude. Gas levels are generally undetectable or at 
trace levels w hen measured in the exhaust airw ay. The very minimal amounts of gas that may occur in the mine 
are released w ith all other underground air via the Main RAW on surface. These releases are highly unlikely to have 
any reportable detrimental effect on the environment, if  any at all, due to the minuscule levels encountered. 

 

3.2.19 Public Safety 

The CSA Mine site is clearly signposted on the main access road and is fenced to prevent accidental entry. The 
main entry area is subject to high security gates and an electronic tag entry system. The boundary fences are 
signposted and monitored regularly for damage or any sign of intrusion. A perimeter inspection of the site is carried 
out on a monthly basis by Environmental Personnel. 

CMPL ensures all activities permitted on site do not interfere w ith or damage fences, and that all gates w ithin the 
Mining Lease area are closed or left open in accordance w ith the requirements of the landholder.  

All persons entering the site must undergo a site induction. Employees and contractors complete (at a minimum) a 
general surface induction, w ith additional inductions also completed for specif ic w ork areas (e.g. underground). All 
visitors, delivery drivers or short term contractors are inducted through the CMPL visitor induction program. They  
are required to conform to site Personal Protective Equipment (PPE) requirements and are accompanied on site at 
all times by a fully inducted CMPL or contracted employee. 

 

3.2.20 Other Issues 

3.2.20.1 Asbestos 

Due to the age of some structures at the CSA Mine there are some materials containing asbestos present.  An 
Asbestos register is maintained and updated annually to aid in the identif ication, evaluation and control of asbestos 
hazards. Any asbestos containing material is managed in accordance w ith the CSA Mine Asbestos Management 
Plan. 

CMPL holds a Bonded Asbestos Removal Licence through NSW WorkCover permitting trained CSA employees to 
conduct the annual site inspections and removal w orks w hen required. All friable asbestos material w as removed 
from site in 2007 by a licensed Friable Asbestos removal contractor.  

The long term outlook for bonded asbestos products on site is to monitor, maintain and replace as required. There 
are no plans to reclad any buildings at this stage.  Any modif ications or repairs w ill remove and replace asbestos 
material progressively. 
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3.2.20.2 Non-mineral Wastes 

Non-mineral w aste from the CSA Mine is managed in accordance w ith the CSA Mine Waste Management Plan 
(March 2013).  A licenced contractor is engaged to remove general w astes to the Cobar Shire Landfill for disposal 
and comingled recyclables, such as cardboard, paper, aluminium, plastic, glass, scrap metal, e-w aste, tyres, printer 
cartridges and used batteries to processing plants in Dubbo for recycling.  

Green w aste is placed on exposed rehabilitation areas to assist w ith the establishment of grow th media. 
Contaminated f ill is disposed of at a designated area at the TSF. Hydrocarbon w aste is recycled/reprocessed w here 
possible after collection by a licenced contractor. 

 

3.3 Operational Activities That Affect Rehabilitation 
Table 11 in Section 3.1 summarises the key risks associated w ith mining activities undertaken at CSA mine over 
the term of this MOP.  The environmental risks and mitigation measures associated w ith operational activities that 
may affect rehabilitation are discussed below .  Key environmental risks and mitigation measures are tabled for 
specif ic mining activities (Tables 13 - 16) and a detailed Environmental Risk Register addressing all operational 
risks and mitigation is provided as Appendix O.   

 

3.3.1 Exploration 

The various exploration techniques used at the CSA Mine have the potential to involve surface disturbance, 
including: 

- Diamond and percussion drilling require preparation of the drill site including some surface levelling, clearing 
of w oody w eeds and, in the case of diamond drilling, the construction of sumps to control drilling f luids. 

- Trenching involves the excavation of a trench in order to expose rock for mapping and sampling purposes. 

- Surface geophysics programs may include ground magnetics, gravity, electromagnetics (e.g. moving loop, 
f ixed loop, magnetotellurics, CSAMT, MT) and/or electrical geophysics (e.g. conventional IP/resistivity , 
MIMDAS). Magnetotellurics, CSAMT and electrical geophysics surveys involve some low  level surface 
disturbance in the form of electrode construction. 

- Soil geochemistry involves the collection of a small (1-2 kg) sample of soil for analysis.  In order to ensure that 
an in-situ sample is collected a pow er auger is used to penetrate below  the surface layer of transported 
material. 

Prior to any exploration related disturbance occurring, a Pre Disturbance Baseline Study (FRM-384) is completed 
for the area to ensure there are no threatened species that occur nearby. If  no threatened species, communities or 
aboriginal heritage sites occur nearby exploration permission is granted by CSA’s environmental department. A 
Surface Disturbance Notice for Exploration Activities is then submitted to DTIRIS for approval prior to the 
commencement of any w orks.  

All disturbances resulting from exploration activities are rehabilitated to a stable and permanent form as identif ied 
in the Exploration Environmental Management Plan (PLN-016) as soon as practicable after the sites are no longer  
required.  

Exploration activities include surface drilling, site inspection by vehicle or on foot, geochemical surveys and 
sampling, trenching and establishing gridlines.  Table 16 lists the key environmental risks and mitigation measures  
associated w ith exploration activities at the CSA mine.  
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Table 16  Key environmental risks and mitigation measures associated w ith exploration activities 

Mining Activ ity 
Env ironment 

Aspect        (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

EXPLORATION 
  
  

Hydrocarbon and 
Chemical Use 

Surface water 
pollution (diesel, 
hydraulic oil and drill 
fluids) 

Contractor I Y C 2 M(8) 

Storage tank or 
sump. Pre-
disturbance 
Baseline Survey 
to identify 
potential 
environmental 
issues and 
mitigation 
measures (FRM-
384). 

Bunding, 
Inspections of 
dril l site during 
and upon 
completion of 
works 

Hydrocarbon and 
Chemical Use 

Ground Water 
Pollution (dril ling 
fluids, hydraulic oil 
and dril l fluids) 

Contractor I Y D 2 L(5) 

Biodegradable 
products, 
Containment 
Sumps, Pressure 
Meter. Pre-
disturbance 
survey to identify 
potential 
environmental 
issues and 
mitigation 
measures (FRM-
384). 

Nil 

Emission of 
Hydrocarbons Air Pollution  Contractor I N D 2 L(5) 

Pre start 
mechanical 
checks and 
maintenance of 
equipment. Pre-
disturbance 
survey to identify 
potential 
environmental 
issues and 
mitigation 
measures (FRM-
317). 

Nil 
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Mining Activ ity 
Env ironment 

Aspect        (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Storage of 
Hydrocarbons & 
Chemicals 

Surface Water 
Pollution  Contractor I Y D 2 L(5) 

Bunded storage. 
Pre-disturbance 
survey to identify 
potential 
environmental 
issues (FRM-
317). 

Minimise 
storage in the 
field to only 
what is required. 

Storage of 
Hydrocarbons & 
Chemicals 

Contamination of 
Land Contractor I Y D 2 L(5) 

Bunded storage. 
Pre-disturbance 
survey to identify 
potential 
environmental 
issues (FRM-
317). 

Minimise 
storage in the 
field to only 
what is required. 

Damage to 
vegetation 

Fauna and flora 
habitat All I Y C 2 M(8) 

Avoid vegetation, 
Pre-disturbance 
survey to identify 
potential 
environmental 
issues and 
mitigation 
measures (FRM-
317) 

Stick to tracks, 
identification of 
significant 
species, 
environment 
department 
inspects site pre 
and post 
disturbance. 

Weed 
Management 

Disturbance 
encourages weed 
infestation 

All I Y E 1 L(1) 

Weed 
Management 
Plan (PLN-019), 
Pre-disturbance 
survey to identify 
potential 
environmental 
issues and 
mitigation 
measures (FRM-
317). 

Avoid weed 
vegetation, 
identification 
guide for weeds, 
wash vehicles to 
prevent 
spreading if 
infestation 
encountered, 
annual weed 
audit on site. 
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3.3.2 Acid mine drainage 

The management of acid mine drainage (AMD) is carried out in accordance w ith the CMPL Acid Mine Drainage 
Management Plan (CSA-HSET-MP-1050- Acid Mine Drainage Management Plan) and the Classif ication and 
Management of Waste Rock Procedure (CSA-HSET-PRO-1309-Classification and Management of Waste Rock). 
The plans and procedures in place seek to geochemically characterise and manage mineral w astes to ensure that 
the risks associated w ith AMD are managed and minimised, and ensure a consistent approach to w aste rock 
management. The documents are attached as Appendix P and Q. 
This strategy is strictly complied w ith to allow  CMPL to meet its statutory obligations, ensure there is no 
environmental damage as a result of unplanned acid generation, and enable the rehabilitation and relinquishment 
of the Mining Lease area. 

All w aste rock materials are geochemically tested for issues related to AMD and potential for metal leaching. Only  
suitable, low  risk w aste rock material is permitted to be hoisted and stockpiled on the surface. Geochemically  
unsuitable materials are integrated into mining activities. The selection of appropriate controls depends on several 
factors including the type and severity of expected environmental impacts and the opportunities and materials  
available. Pro-active management is recommended over reactive management w henever possible.  

Pro-active (preventative) measures to manage high-risk material include: 

- Underground reuse to eliminate surface exposure (preferred management method); 

- Encapsulation in tailings facilities; and 

- Mixing / co-disposal w ith other inert material to reduce the acid forming potential of the w aste rock. 

Reactive (remedial) measures after AMD has developed w ould require: 

- Covers (Soil and/or Water); and 

- Dow nstream recovery and treatment. 

Table 17 lists the key environmental risks and mitigation measures associated w ith w aste rock management at the 
CSA mine.  
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Table 17  Key environmental risks and mitigation measures associated w ith waste rock management  

Mining Activ ity 
Env ironment 

Aspect        
(or Hazard) 

Env ironmental 
Impact (or Risk) Supplier Control (C) or 

Influence (I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Waste Rock 
Management 
 

AMD 
Seepage 

Groundwater 
Contamination CMPL C N E 3 L(6) 

Monitor for AMD, contain 
all run off, minimise water 
flow to area. 

Nil 

Water Run-Off 
from stockpile 

Surface Water 
Pollution CMPL C N D 2 L(5) 

Run off contained within 
existing site drainage; 
drains to borrow pit dam, 
Test Stockpiles for Acid 
Generating Materials 

H20 sprays 
available if 
required. 

Water Run-Off 
from stockpile 

Groundwater 
Contamination CMPL C N D 2 L(5) 

Run off contained within 
existing site drainage; 
drains to borrow pit dam, 
Test Stockpiles for Acid 
Generating Materials 

Ensure 
chosen site 
has 
impervious 
base to 
avoid 
seepage of 
any 
contaminant
s 

Water Run-Off 
from stockpile 

Contamination of 
Land CMPL C N D 2 L(5) 

Run off contained within 
existing site drainage; 
drains to borrow pit dam, 
Test Stockpiles for Acid 
Generating Materials 

Maintain 
Bunding and 
Water 
Drainage  

Water Run-Off 
from stockpile 

Erosion and 
Sediment CMPL C N D 2 L(5) 

Run off contained within 
existing site drainage; 
drains to borrow pit dam, 
Test Stockpiles for Acid 
Generating Materials 

Maintain 
Bunding and 
Water 
Drainage  

Long term 
stockpiling of 
dry material 

Surface Water 
Pollution CMPL C Y C 2 M(8) 

Speed limited on trucks, 
Haul road clearly identified 
and communicated site 
wide 

Increase 
stockpile 
height in 
preference 
to increasing 
footprint. 

Long term 
stockpiling of 
dry material 

Contamination of 
Land CMPL C N C 2 M(8) 

Large particles only (rock - 
minimal chances of dust 
generation). Stockpile 
heights l imited to 5m 
height and contained 
within TSF dam walls 

Nil 
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Mining Activ ity 
Env ironment 

Aspect        
(or Hazard) 

Env ironmental 
Impact (or Risk) Supplier Control (C) or 

Influence (I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

(minimum 5m distance 
from walls). Dust monitors 
located in stockpile area to 
monitor changes.  
Tail ings dam catchments 
is monitored via 
monitoring bores. 
Contained within TSF 
catchment. Water 
evaporated from surface. 

Seepage Groundwater 
Contamination CMPL C N D 3 M(9) 

Speed limited on trucks, 
Haul road clearly identified 
and communicated site 
wide 

Nil 



  Mining Operations Plan  

52 
 

3.3.3 Geology and Geochemistry 

3.3.3.1 Geology 

The geological setting of the CSA Mine is described in Section 3.3.3.1.  The local geology is characterised by CSA  
Siltstone and Great Cobar Slate, both of Devonian age. These sediment groups are divided to the w est and east 
(respectively) by the north trending Cobar fault. The CSA Siltstone comprises thinly bedded siltstone and mudstone 
w ith some sandstone beds, w hile the Great Cobar Slate comprises mudstone w ith thin interbeds of siltstone.  

 

3.3.3.2 Geochemistry 

The assessment of the geochemistry of soil and rock is critical for determining potential hazards associated w ith 
handling of w astes w ith respect to w ater pollution, rehabilitation and long-term landform stability.  The main 
geochemical parameters of concern at the CSA Mine are potential for acid formation (AMD), salinity, sodicity and 
trace metal concentration. 

If  w aste rock material from the underground mine is identif ied as having a potential for acid formation in the initial 
geochemistry studies, continued assessment of w aste rock and f ines material generated from underground mining 
is necessary if  the material is destined for surface hoisting and stockpiling. If  the material is to remain underground, 
no further testing is undertaken.  Benign w aste rock only is used in rehabilitation activities. 

 

3.3.4 Tailings 

The operation of the STSF is undertaken in accordance w ith the STSF Operating Manual (2015), w hile its 
rehabilitation w ill be as per the STSF Closure and Rehabilitation Plan (2010). Documentation w ill be updated as 
required and governed by operational strategy 

Periodic analysis of the tailings are undertaken to confirm the geochemical characteristics of this material. 
Rehabilitation trials for capping design w ill be implemented during the MOP and throughout the life of the mine. 

The primary objectives of the closure strategy for the TSF w ill be to control rainfall runoff and limit seepage from 
the facility, w ith the follow ing outcomes: 

- A progressive reduction in the phreatic surface w ithin the TSF; 

- Construction of a drainage system enabling incident rainfall to shed from the landform w ith limited 
consequential erosion; and 

- Establishment of a functional ecosystem w ith the potential to support a self-sustaining vegetative cover on the 
outer slopes. 

The important conceptual aspects of the decommissioning include the follow ing: 

- Reshaping of the f inal STSF surface to minimise permanent w ater holding depressions and promote runoff 
tow ards the designated spillw ays; 

- Place coarse rock over sw ale drains and spillw ays to control erosion of the tailings surface and the external 
slopes; and 

- Possibly modify the eastern embankment slope to increase the stability over a very long term. 

Table 18 lists the key environmental risks and mitigation measures associated w ith tailings management at the CSA  
mine.  
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Table 18  Key environmental risks and mitigation measures associated w ith tailings management  

Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier Control (C) or  

Influence (I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Tailings 
Management 

Long Term 
Storage of Dry 
Tail ings 
Sediment 

Air Pollution CMPL C Y C 1 L(4) 

Raised Dam Walls & 
Moisture maintained 
in thickened tailings, 
Erosion trial and 
control measures in 
place. 

Wind Breaks 
to Contain 
Dust 

Overflow of 
Bunded Area of 
Mill or Booster 
Hoppers 

Contamination of 
Land CMPL C N C 1 L(4) 

Bunding & Runoff 
Areas drain to 
catchment dam (non-
release site) 

Maintain 
bunding and 
desilt dams 
if required 

Tailings Line 
Breaches 

Contamination of 
Land CMPL C N C 1 L(4) 

Bunding & Runoff 
Areas to spil l 
containment dams, 
Pipeline rupture 
detect system. 

Nil 

Long Term 
Storage of Dry 
Tail ings 
Sediment 

Contaminated/Po
lluted Land CMPL C N D 1 L(2) 

Contained within 
tail ings dam facility, to 
be capped post 
closure 

Trial closure 
options to 
ensure 
successful 
rehab at 
mine 
closure; 
continue to 
update Mine 
Closure and 
Rehabilitatio
n Plan. 

Tail ings Dam 
Wall Erosion 

Erosion and 
Sedimentation of 
catchment dams 

CMPL C Y D 3 M(9) 

 
Daily and Weekly 
Inspections, Annual 
Surveil lance Report. 

Continue to 
monitor 

Tail ings Dam 
dust emissions 

Surface Water 
Pollution CMPL C Y D 1 L(2) 

Dust minimised (walls, 
moisture, 
containment), Erosion 
control trial in 
progress. 

Run erosion 
trial on Dam 
surface 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier Control (C) or  

Influence (I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Seepage from 
Tailings Dam 
Storage 

Groundwater 
pollution CMPL C Y D 2 L(5) 

Dam walls l ined with 
geotextile. Dam base 
passes impermeability 
requirements, 
Monitoring program 
monthly 

Biosynthetic 
dam/wall 
l iners 

Clearing for 
Tail ings Dam 
Construction 

Threatened Flora CMPL C Y E 3 L(6) Full EIS completed 
before clearing 

LOM TSF 
plan to 
minimise 
need for 
more dams 

Clearing for 
Tail ings Dam 
Construction 

Threatened 
Fauna CMPL C Y E 3 L(6) Full EIS completed 

before clearing 

LOM TSF 
plan to 
minimise 
need for 
more dams 

Tailings Dam 
Fauna mirings, 
boggings and 
drownings 

Threatened 
Fauna CMPL C Y D 3 M(9) 

Property boundary 
fenced to deter fauna. 
Thickened tail ings 
reduced water source. 
Monitored 12 hourly. 
Goats captured by 
contractors and 
removed from site. 

Fence dams 
to prevent 
access (if 
possible). 

 
Disturbance of 
land due to 
tail ings dam 
activities 

Introduction of  
weeds CMPL C N D 2 L(5) Weed Management 

Plan (PLN-019) 

Monitor. 
Control if 
required.  

Tail ings Dam 
operational 
pumps and 
booster hopper 

Operational 
Noise CMPL C N C 1 L(4) Isolated, secure site. Noise 

monitoring. 

Operational 
l ighting for dam 
24 hours 

Visual, stray light CMPL C N D 1 L(2) Isolated, secure site. Nil 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier Control (C) or  

Influence (I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Dam wall 
seepage 

Erosion and 
Sedimentation CMPL C N E 2 L(3) 

12 hourly monitoring. 
Wall maintenance if 
required, Monthly 
Monitoring, minimise 
flushing water sent to 
dam. 

Contain 
seepage to 
minimise 
impacts, 
maintain 
high SG of 
tails, 
Reduce 
volume of 
water stored 
on surface 
of dam for 
lengthy 
periods  

General access 
to tail ings dam 
facil ity 

Public Safety CMPL C N E 3 L(6) Isolated, security gate 
and fenced site.  

Secure 
fencing. 

Tail ings Line 
Breaches 

Surface Water 
Pollution CMPL C N D 2 L(5) 

Bunded tailings lines. 
Spills cleaned up and 
disposed in TSF, Spill 
containment Dams, 
Pipeline rupture 
detect system. 

Nil 

Disturbed land 
for bunding pipe 
lines 

Encourages 
weed infestations CMPL C N D 1 L(2) Weed Management 

Plan (PLN-019) 
Monitor. 
Control if 
required.  

Return water l ine 
breach 

Erosion & 
Sedimentation CMPL C N D 1 L(2) 

Bunded tailings lines. 
Spills cleaned up and 
disposed in TSF, 
Water reclaimed back 
to mill. 

Nil 
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3.3.5 Erosion and Sedimentation 

Erosion and sedimentation processes have the potential to impact on existing rehabilitated lands by reducing soil 
stability and vegetation establishment. The soils at the CSA Mine are dominated by red sandy loams w ith little 
structural development and w hich are highly susceptible to erosion w hen bare. 

Measures implemented in rehabilitation areas to minimise the impact of erosion and sedimentation include deep 
ripping of surface contour, the establishment of vegetation cover through either natural recruitment or direct seeding, 
the installation of sediment fences and the use of green w aste as ground cover material. 

Site rehabilitation monitoring includes ongoing assessment of site erosion, particularly associated w ith revegetated 
areas. Depending on seasonal rainfall, some erosion can be expected until adequate vegetation cover is 
established, w hether as minor gully erosion in the drainage lines or more w idespread rilling on sloping ground. 
Areas of erosion w ill be stabilised utilising appropriate techniques including but not limited to further revegetation 
sow ings (including temporary cover species if  required), earthw orks (drain stabilisation or cut-off bunds) and/or the 
laying of geotextile materials (CMPL 2007).  

Rehabilitation w ork usually involves bulk earthw orks, such as reshaping and contouring, groundcover/erosion 
control, soil remediation, removal of contamination and seeding. Table 19 lists the key environmental risks and 
mitigation measures associated w ith rehabilitation and erosion control management at the CSA mine.  
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Table 19  Key environmental risks and mitigation measures associated w ith rehabilitation and erosion control management  

Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Rehabilitation & 
erosion control 
management 

Disturbance of 
Contaminated 
Land 

Land Pollution Contractor I Y E 2 L(3) 
Contaminated Soil 
Register, Mine Closure 
& Rehabilitation Plan  

Nil 

Relocation and 
Disturbance of 
Soil and 
Structures 

Weed 
Management Contractor I N E 2 L(3) 

Weed Management 
Plan (PLN-019), Mine 
Closure & 
Rehabilitation Plan  

Nil 

Relocation of Soil 
and Structures 

Aboriginal 
Heritage Contractor I Y E 2 L(3) 

CML5 Archaeological & 
Aboriginal Heritage 
Surveyed, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Removal and 
Demolition works 
(machinery) 

Dust / Air 
Pollution Contractor I N D 2 L(5) 

Pre inspection, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Changes to site 
drainage systems 
and water 
diversion 
structures 

Erosion and 
Sedimentation Contractor I N D 2 L(5) 

Site Survey Plan, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Changes to site 
drainage systems 
and water 
diversion 
structures 

Surface Water 
Pollution Contractor I N E 1 L(1) 

Site Survey Plan, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Demolition of 
infrastructure 

Operational 
Noise Pollution Contractor I N E 1 L(1) 

Isolated, secure site. 
Mine Closure & 
Rehabilitation Plan  

Nil 

Demolition of 
infrastructure 

Vibration and 
blasts Contractor I N E 1 L(1) 

Isolated, secure site. 
Mine Closure & 
Rehabilitation Plan  

Nil 

Removal and 
Demolition works 
(machinery) 

Visual Amenity Contractor I N E 1 L(1) 
Isolated, secure site. 
Mine Closure & 
Rehabilitation Plan  

Nil 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Disturbance of 
soil and 
surrounding land 
during demolition 
activities 

Disturbance / 
damage to 
Aboriginal 
Heritage 

Contractor I Y E 2 L(3) 
Pre inspection, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Removal and 
demolition of 
hydrocarbon 
storage facil ities 

Hydrocarbon 
Contamination Contractor I N D 2 L(5) Mine Closure & 

Rehabilitation Plan  Nil 

On and off site 
traffic and multi 
project 
management 
during demolition 
and removal 
process 

Public safety Contractor I Y E 3 L(6) 
Isolated, secure site, 
Mine Closure & 
Rehabilitation Plan. 

Nil 

Infilling remaining 
sumps, holes, 

foundations 

Dust generation Air Pollution Contractor I N D 1 L(2) Nil 
Watering down 

during dry 
periods 

Relocation of Soil Erosion and 
Sedimentation Contractor I Y D 2 L(5) Nil 

Re-establish 
drainage lines 

and rehabilitate 
to reduce 
erosion 

Relocation of Soil 
disturbs 
vegetation 

Threatened Flora Contractor C Y D 2 L(5) Mine Closure & 
Rehabilitation Plan  Nil 

Relocation of soil 
disturbs habitats 

Threatened 
fauna Contractor C Y D 2 L(5) Mine Closure & 

Rehabilitation Plan  Nil 

Relocation of 
soils 

Weed 
Management Contractor I N D 2 L(5) Mine Closure & 

Rehabilitation Plan  Nil 

Spread of 
Stockpiled Topsoil 

Emission of 
Particles Air Pollution Contractor C Y C 1 L(4) 

Water truck used to 
minimise dust, Mine 
Closure & 
Rehabilitation Plan  

Nil 

Relocation of Soil 
and Structures Weeds Contractor C N C 1 L(4) 

Topsoil Management 
Plan (PLN-017), Mine 
Closure & 
Rehabilitation Plan  

Nil 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Relocation of Soil 
and Structures 

Erosion and 
Sedimentation Contractor C N C 1 L(4) 

Topsoil Management 
Plan (PLN-017), Mine 
Closure & 
Rehabilitation Plan  

Nil 

Ripping of 
Compacted 
Surfaces & 
Rectifying 
Drainage 

Emission of 
Particles Air Pollution Contractor I Y B 1 M(7) 

Monitored. Water 
applied when required, 
Mine Closure & 
Rehabilitation Plan.  

Nil 

Ripping of 
Topsoil 

Erosion and 
Sediment Contractor I N C 1 L(4) Re-establish drainage 

lines Nil 

Ripping of 
Topsoil 

Contaminated 
Land Pollution Contractor I Y C 1 L(4) Mine Closure & 

Rehabilitation Plan  Nil 

Ripping of 
Topsoil Threatened Flora Contractor C Y C 3 M(13) 

Pre-Site Inspection, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Ripping of 
Topsoil 

Threatened 
Fauna Contractor C Y C 3 M(13) 

Pre-Site Inspection, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Ripping of 
Topsoil Weeds Contractor I N C 2 M(8) 

Weed Management 
Plan, Mine Closure & 
Rehabilitation Plan  

Nil 

Operational 
Noise Noise Pollution Contractor I Y C 1 L(4) 

Isolated, secure site, 
Mine Closure & 
Rehabilitation Plan. 

Nil 

Seeding / Planting 

Planting 
Aggressive 
Species 

Threatened Flora EO C N E 3 L(6) 

Seed collection from, 
species present on site, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Weed 
Contamination of 
Seed Mix 

Weeds EO C N E 2 L(3) 
Weed Management 
Plan, Mine Closure & 
Rehabilitation Plan  

Nil 

Planting 
Aggressive 
Species 

Aboriginal 
Heritage EO C N E 2 L(3) 

Seed collection from 
species present on site, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Planting 
Aggressive 
Species 

Natural Heritage EO C N E 2 L(3) 
Seed collection from 
species present on site, 
Mine Closure & 
Rehabilitation Plan  

Nil 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Revegetation fails Erosion and 
Sedimentation EO C N D 2 L(5) 

Maintain drainage 
lines, Mine Closure & 
Rehabilitation Plan  

Nil 

Revegetation fails Dust / Air 
Pollution EO C N D 2 L(5) 

Monitored. Water 
applied when required, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Revegetation fails Surface Water 
Pollution EO C N E 1 L(1) 

Maintain drainage 
lines, Mine Closure & 
Rehabilitation Plan  

Nil 

Planting 
Aggressive 
Species damage 
native habitat 

Threatened 
fauna EO C N E 1 L(1) Seed collection from, 

species present on site Nil 

Revegetation 
takes time before 
looks 
responsive/succe
ssful 

Visual Amenity EO C N E 1 L(1) 
Seed collection from, 
species present on site, 
Mine Closure & 
Rehabilitation Plan  

Nil 

Vegetation Mis-
management Bushfire EO C N E 3 L(6) Mine Closure & 

Rehabilitation Plan  Nil 

Rehabilitated 
Land 

Unsuccessful or 
slow revegetation 

Erosion and 
Sedimentation 

EO/Leaseh
older I N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Leachate or 
resurfacing of old 
contaminants 
over time 

Surface Water 
Pollution 

EO/Leaseh
older I N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Leachate or 
resurfacing of old 
contaminants 
over time 

Contaminated 
Land Pollution 

EO/Leaseh
older I N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Leachate or 
resurfacing of old 
contaminants 
over time 

Threatened Flora EO/Leaseh
older I N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Weed 
Management 

Ongoing weed 
infestation 
 

EO/Leaseh
older I N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 
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Mining Activ ity 
Env ironmental 

Aspect (or 
Hazard) 

Env ironmental 
Impact (or Risk) Supplier 

Control (C) 
or 

Influence 
(I) 

SIGNIFICANCE CONTROLS 

Legal 
Req. Likelihood Sev erity Risk Existing Potential 

Fire through 
revegetated land Bush Fire EO/Leaseh

older I N D 2 L(5) 
Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Remaining 
Features post 
closure 

Ongoing drainage 
and runoff 
diversion issues 

Surface Water 
Pollution 

Lease 
holder C N E 1 L(1) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Ongoing drainage 
and runoff 
diversion issues 

Contaminated 
Land Pollution 

Lease 
holder C N E 1 L(1) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Infrastructure to 
remain (shaft, 
headframe, 
powerhouse) 

Visual Amenity Lease 
holder C N E 1 L(1) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 

Infrastructure to 
remain (shaft, 
headframe, 
powerhouse) 

Public safety Lease 
holder C N D 2 L(5) 

Mine Closure and 
Rehabilitation Plan 
(PLN-030)  

Nil 
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4.0 Post Mining Land Use 

 

4.1 Regulatory Requirements 
The regulatory requirements specif ic to post mining land-use, landscape and rehabilitation outcomes at the CSA Mine are summarised in Table 20. The completion criteria for 
meeting these requirements are highlighted in Section 6. 

 

Table 20 Regulatory requirements – Post mining land use, landscape and rehabilitation outcomes 

Section / Condition Area Requirement 

DA No. 31/95 

Condition 2 CML 5 All future mine rehabilitation is subject to the requirements of the Mining Rehabilitation and Environmental 
Management Plan (REMP). 

2009/LD-00035 

Condition 17 STSF Prior to commencing construction of the lif t to the STSF, the proponent must prepare to the satisfaction of T & I NSW: 

• A rehabilitation plan w hich must include: 

(c) Rehabilitation outcomes that are suitable for an agreed end land use and are demonstratively achievable 
through experience in comparable situations or through site trials/research. 

(d) Objectives and measurable completion criteria. 

(e) Rehabilitation indicators to be used to monitor progression tow ards each completion criteria, including 
detailed information on how  the indicator w ill be measured, monitored, reported and analysed and justif ication of 
w hy the indicator w as chosen. 

(f) Suitable criteria to evidence that specif ic regulatory requirements under the mining lease conditions and 
project approval have been met. 

(g) Rehabilitation outcomes demonstrating progressive rehabilitation to the greatest practical extent. 

 

 

CML 5 
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Section / Condition Area Requirement 

Condition 13 Mining Lease Area Rehabilitation 
a) Land disturbed must be rehabilitated to a stable and permanent form suitable for a subsequent land use 
acceptable to the Director-General and in accordance w ith the Mining Operations Plan so that: 

• There is no adverse environmental effect outside the disturbed area and that the land is properly drained and 
protected from soil erosion. 

• The state of the land is compatible w ith the surrounding land and land use requirements. 
• The landforms, soils, hydrology and f lora require no greater maintenance than that in the surrounding land. 
• In cases w here revegetation is required and native vegetation has been removed or damaged, the original 

species must be re-established w ith close reference to the f lora survey included in the Mining Operations 
Plan. If  the original vegetation w as not native, any re-established vegetation must be appropriate to the area 
and at an acceptable density. 

• The land does not pose a threat to public safety. 

b) Any topsoil that is removed must be stored and maintained in a manner acceptable to the Director-General. 

Condition 14 Mining Lease Area The leaseholder must comply w ith any direction given by the Director-General regarding the stabilisation and 
revegetation of any mine residues, tailings or overburden dumps situated on the lease areas. 

SEE – For the upgrade of a Life of Mine Tailings Storage Facility (2009)  

Section 4.12 – 
Environmental 
Safeguards 

Life of Mine TSF • Early rehabilitation of disturbed areas 

• Topsoil from w ithin footprint to be stockpiled during construction for rehabilitation. 
• Maintain Rehabilitation Plan to progressively rehabilitate surrounding areas. 
• Consideration and preparation of mine closure activities. 

 

• Retain existing natural vegetation to act as visual screen. 
 

• Decommissioning of infrastructure and revegetation of tailings facility at time of mine closure. 
• Return land to unimproved pasture grazing. 

 
• Surrounding vegetation to remain undisturbed to preserve suitable refuge habitat. 
• Vegetation cleared w ill be relocated and spread over rehabilitation sites to salvage seed that is stored on the 

plants and encourage revegetation elsew here. 
 

SEE, CSA Mine, Cobar (1995) 
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Section / Condition Area Requirement 

Section 4 – 
Environmental 
Safeguards 

CML 5 

MPL 1093 

MPL 1094 

• Progressive rehabilitation of disturbed areas. 

• Retain existing vegetation to act as a visual screen. 

• Revegetation of Tailings dam. 

• Return land to unimproved pasture grazing. 

• Revegetation of f inal surfaces.   

 

4.2 Post Mining Land Use and Landscape Goals 
The final post mining land use at the CSA Mine is unimproved pasture, w hich w ill include productive agricultural land (pastoral land) w ith enhanced w ildlife habitat. The f inal 
landscape w ill be returned to as close as possible to the pre-mining landform configuration. 

A conceptual f inal rehabilitation and post mining land use plan detailing the proposed f inal land use of the site is show n on Figure 6. 
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Figure 6 Final rehabilitation and post-mining land use 
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4.3 Post Mining Land Use and Landscape Objectives  
The primary objective of rehabilitation is to provide a safe, stable and functional landscape that adequately meets  
the agreed f inal landform. The follow ing rehabilitation objectives underpin the f inal landuse and landscape at the 
CSA Mine: 

- Successful design and rehabilitation of landforms to ensure structural stability, revegetation success and 
containment of w astes; 

- Post-mining land use is sustainable and compatible w ith surrounding land uses, and provides optimal 
environmental and community benefits; 

- The f inal vegetation cover is similar to the surrounding w oodland and shrub communities. 

- Closure criteria and proposed f inal landuse w ere developed through stakeholder consultation, and take into 
account local and regional initiatives; 

- Post-mining landform and land-use are aligned to the objectives of the Cobar LEP (2012); 

- Post mining land use considers the limitations of land capability; and  

- Post mining landuse and landscape is non-polluting, poses no threat to public safety and is clean, tidy and 
free of equipment/structures (excluding those to remain on site as part of the approved tourism and heritage 
land use). 
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5.0 Rehabilitation Planning and Management 

 

5.1 Domain Selection 
Primary domains can be defined as land management units w ithin the mine site, usually w ith unique operational 
and functional purpose, usually w ith similar geophysical characteristics. Secondary domains are land management 
units characterised by a post-mining land use objective. 

Rehabilitation objectives in this plan aim to provide a description of proposed rehabilitation outcomes w ithin the 
individual domains in the mine site, as one domain may contain elements that require different rehabilitation. If  the 
elements are essential components of a single land management unit e.g. a tailings storage facility w ith battered 
slopes and a f lat top, it is preferable for the elements to be included in the same domain rather than to be treated 
as separate domains. 

It is likely that most domains w ill require a different rehabilitation methodology to achieve the intended post-mining 
land use and landscape. Domains for the CSA Mine have been determined in consideration of the specif ic 
requirements of the mining location and local environment. The primary domains are outlined in Table 21 and shown 
in Figure 7. 

 

Table 21 Primary and Secondary Domains 

Primary Domains Code Secondary Domains 
(Post-mining landuse) Code 

Infrastructure Area 1 Water Management Area A 

Water Management Area 2 Rehabilitation Area – Unimproved Pastoral Lands B 

Tailings Storage Facility 3 Remaining Infrastructure C 

Rock Emplacement  4  

Topsoil Stockpile 5  

Exploration Site  6  

 

Further information on these domains and the key issues that relate to their management is provided in the follow ing 
sections. 

 

5.1.1 Infrastructure Area 

The Infrastructure Area includes all the buildings, structures and service lines present on the CSA Mine site. The 
major infrastructure on site is show n on Figure 8 and comprises the follow ing: 

- No. 1 Shaft head frame, w inder house, conveyors and ventilation fan; 

- No. 2 shaft and friction w inder;  

- Ore conveyor from No. 2 shaft and ore bins; 

- Concentrator building including processing equipment; 

- Tw o concentrate storage sheds; 

- Tailings pipeline; 

- Process and stormw ater dams; 

- 4 x Surface Vent Fans; 



  Mining Operations Plan  

68 
 

- Ammonia Plant and 2 x R134a refrigeration plants; 

- Pow er house (compressor and generator building); 

- Core yard shed, f irst aid and mine rescue off ices, change house and training building; 

- Workshop and stores buildings; 

- Backfill plant and associated boreholes; 

- Paste f ill plant and associated boreholes; 

- Metallurgy assay lab 

- Cemented Hydraulic f ill plant; and 

- Administration building and car park. 
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Figure 7 Primary Domains 
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Figure 8 Site Infrastructure  
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In addition, there are a number of smaller buildings and facilities around the site including the surface vehicle w ash-
bay, subcontractor stores and w orkshops, sceptic storage tanks, raw  w ater tanks, various fuel and oil tanks and a 
range of smaller storage structures. 

Services include a 132kv line from Dubbo terminating at the substation, a pipeline from the Cobar w ater supply, a 
rail spur line and on-site road infrastructure (including haul roads, load out facilities and the main sealed access 
road to the Cobar-Louth Highw ay).  

 

5.1.2 Water Management Area 

A Water Management Area includes components of the netw ork of dams that comprise the CSA Mine w ater 
management system that is in place to control the movement of w ater around the site. These include sedimentation, 
diversion, mine w ater and w ater supply dams but exclude TSFs.  

The current surface w ater dams present around the mine and processing areas include (refer to Section 0 for further 
detail): 

 

- Pork Pie Dam (completed in 2004) for the storage of process w ater; 

- Borrow  Pit Dam w hich receives most stormw ater runoff from the mine;  

- The Old Mine Dams (North and South); and 

- Eleven other sub-catchment w ater storage dams. 

 

5.1.3 Tailings Storage Facility 

A TSF is a dam or void to w hich the w aste product from ore processing operations are disposed of for settlement 
and decantation. The STSF and STSF Extension are the only TSFs currently active at the CSA Mine. 

It is noted that the North Tailings Storage Facility (NTSF) is excised from the mining lease and is now  the 
responsibility of the NSW Department of Planning, Industry and Environment, and as such is not included in this 
MOP. 

 

5.1.4 Waste Rock Management 

A Waste Rock Emplacement is an area at the surface of the CSA Mine w here w aste rock from underground mining 
operations is temporarily stockpiled. Currently all w aste rock is stockpiled at the STSF. Approximately 216,159 
tonnes of w aste rocks is forecast to be transported from underground to the surface w ithin the MOP period (Table 
22). Of this quantity, approximately 20% is expected to be potentially acid forming (PAF) as a result of possible 
pyrite inclusion in the w aste rock.  

The forecast schedule provides an opportunity to use some or all of the w aste rock for future raises of the STSF 
and/or reshaping w orks for progressive rehabilitative closure, thereby potentially eliminating the need for a separate 
w aste rock dump.  
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Table 22 Waste rock production schedule during the term of the MOP. 

Material Unit 
Year 1 Year 2 

2021 2022 

Waste Rock (mined) t 235,455 262,295 

Waste Rock (to surface) t 136,022 80,137 

 

5.1.5 Topsoil Stockpiles 

Topsoil is produced during land clearing activities occurring at the site, and stockpiled for future use in rehabilitation 
activities. There are 32 topsoil stockpile locations at the CSA Mine. The locations of these stockpiles are provided 
in Table 6 and show n on Figure 3. Refer to Section 2.2.4 for further details. The CSA Topsoil Management Plan 
can be found in Appendix F. 

 

5.1.6 Exploration Site 

Exploration sites are areas on the surface of CSA Mine w here exploration activities are undertaken to support future 
mining production. The exploration techniques used usually involve some level of surface disturbance, and the land 
is rehabilitated as soon as practicable after the exploration is complete. 

 

5.1.7 Rehabilitation Areas 

The rehabilitation program at the CSA Mine aims to focus on the progressive rehabilitation and revegetation of 
lands disturbed during mining operations to Unimproved Pastoral Lands. The Mining Operations Plan (MOP) 
Guidelines, September 2013 (ESG3) details a process for monitoring and managing progression tow ards successful 
rehabilitation outcomes quantif ied by completion criteria (NSW T & I). In accordance w ith the Guidelines, successful 
rehabilitation at CSA can be conceptually described in terms of logical steps or phases w hich are applicable to each 
of the similar land management units or domains w ithin the mine site.    
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5.2 Domain Rehabilitation Objectives 
The rehabilitation objectives for the primary domains identif ied in Section 5.1 are defined and presented in Table 
23. The proposed timeframes for the rehabilitation of each domain is discussed in Section 6. 

 

Table 23 Primary domains rehabilitation objectives 

Domain Rehabilitation Objective 

Infrastructure Area Mining infrastructure w ithin the mining lease area w ill be removed if no longer 
required as part of the approved f inal land use, and the affected lands rehabilitated. 

Some infrastructure w ill be retained on site as tourist attractions and for heritage 
uses, such as the head-frame and decline. 

Water Management 
Area 

The drainage pattern of the f inal landform w ill be designed to integrate w ith the 
surrounding catchments and w ill be revegetated to achieve long term stability and 
erosion control and to harmonise w ith more general rehabilitation and revegetation 
strategies. 

All Water Management Areas are planned to be retained on site until at least 3 – 5 
years post mine closure to collect any sediment that may run off the disturbed areas 
of the mine prior to achieving a successful revegetation cover. Once the closure 
criteria for runoff w ater quality have been met, these facilities may be removed if 
required. 

Tailings Storage Facility Rehabilitated TSFs w ill be integrated into the f inal landscape and revegetated to meet 
the follow ing objectives: 

- Tidy and safe w ith public safety risks reduced to acceptable levels; 

- Stable and resistant to erosion; 

- Meets agreed criteria for land or w ater contamination; and 

- Suitable for the agreed post-mining land use. 

Rock Emplacement Areas of rock emplacement at STSF w ill be rehabilitated and integrated into the f inal 
landscape and revegetation strategy. 

Topsoil Stockpile Areas of topsoil stockpiles w ill be rehabilitated and integrated into the f inal landscape 
and revegetation strategy. 

Exploration Site All exploration sites w ill be rehabilitated to a stable and permanent form so that: 

- There is no adverse environmental effect outside the disturbed area and that 
the land is properly drained and protected from soil erosion; 

- The state of the land is compatible w ith the surrounding land and land use 
requirements; 

- That if  landforms, soils, hydrology and native vegetation have been removed or 
damaged, the original species must be re-established w ith close reference to 
the initial baseline survey. If  the original vegetation w as not native, any re-
established vegetation must be appropriate to the area and at an acceptable 
density; 

- The land does not pose a threat to public safety. 
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5.3 Rehabilitation Phases 

The CSA Mine aims to create stable rehabilitated landforms in areas disturbed by mining. The f inal landforms w ould 
be constructed to be stable in the long-term and integrate w ith the surrounding landscape. The new  landforms w ill 
be revegetated w ith selected species of native and/or endemic vegetation that are both suitable to the physiographic  
and hydrological features of each landform. 

This w ill be achieved through a series of conceptual phases described in ESG3: Mining Operations Plan (MOP) 
Guidelines (2013). These rehabilitation phases are described in Table 24 and show n diagrammatically in Figure 9. 

 
Table 24 Phases of Rehabilitation  

Phase No. Rehabilitation Phase Examples of possible measures 

1 Decommissioning Infrastructure removed, contamination remediated, electricity 
decommissioned, heritage buildings retained. 

2 Landform Establishment 
Slope, drainage (characteristics, grade and density), substrate 
material characterisation, morphology, density, aspect. 

3 Grow th Medium Development Physical, chemical and biological characteristics 
(organics, nutrients, soil biota etc.). 

4 Ecosystem and Land Use 
Establishment 

Species selection, species presence, and germination 
rate  

  OR 

Subsurface Development. 

5 Ecosystem and Land Use 
Sustainability 

Floristics and structure, recruitment and recovery, fauna 
presence, grow th, ecosystem resilience  

  OR 

Infrastructure Development. 

6 Land Relinquishment Demonstrated ultimate success of rehabilitation process.  This 
may be biophysical or physical. 
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Figure 9 Rehabilitation Phases with Post Mining Land Use Goal – Native Plant Ecosystem 

 

From: ESG3: Mining Operations Plan (MOP) Guidelines 
 

 

Dividing the rehabilitation process for each domain into successive phases allow s the progress of rehabilitation 
to be clearly managed and monitored. Success is generally required at the earlier phase, before progressing to 
w ork on a successive phase.  

Table 25 show s the relevant rehabilitation phases for each domain, based on the post mining land use and 
landscape, and the rehabilitation objectives to be achieved. 
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Table 25 Relevant rehabilitation phases for each domain 

 
      Domain 
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Stage 1 – Decommissioning        

Stage 2 – Landform Establishment        

Stage 3 – Grow ing Media Development        

Stage 4 – Ecosystem and Landuse Establishment        

Stage 5 – Ecosystem and Landuse Sustainability        

Stage 6 – Rehabilitation Complete        

 

 

5.4 Performance Measures, Indicators and Closure Criteria 

The performance criteria, measures and associated indicators have been developed in accordance w ith a range of 
project related documentation i.e. SEE (Corkey et al. 1995; CMPL 2009) and Project Approvals (CML 5;  
DA2009/LD00035), and the Determination of Completion Criteria for Rehabilitated Native Ecosystems (DnA 
Environmental, 2011).  The REMP defines how  CMPL is going to meet the range of closure criteria and provides 
performance measures and indicators against w hich these closure criteria are to be assessed. These closure 
criteria, performance measures and indicators are provided as a guide to aid the direction of rehabilitation.  

Completion criteria are objective target levels or values that can be measured to quantitatively demonstrate the 
progress and ultimate success of a biophysical process. These are the standards that are to be met by successful 
rehabilitation (NSW T&I 2013). They w ill generally be in the form of a numerical value that can be verif ied by 
measurement of the indicators selected for the rehabilitation objectives. 

As part of the rehabilitation monitoring program at CSA, some performance indicators relevant to the rehabilitation 
of native ecosystems have been identif ied in Table 26 and these directly relate to primary ecosystem components  
identif ied by Nichols (2005). These performance indicators have been grouped to align w ith natural ecosystem 
succession and primary rehabilitation phases as described in MOP guidelines (NSW T&I 2013).  

The timing and activities of the Decommissioning Phase are not considered relevant during this MOP period.  
Subsequently the ecological performance criteria w hich are consolidated into Key Performance Indicator (KPI)  
tables are only represented w ithin Rehabilitation Phases 2 (Landform establishment) to Phase 5 (Ecosystem and 
Land Use Development).  

The performance or completion criteria are objective target levels or values that can be measured to quantitatively  
demonstrate the progress and ultimate success of a biophysical process. These criteria have been developed for 
each phase of the rehabilitation so that the rehabilitation success can be quantitatively tracked throughout the life 
of the mine. 

The performance measures quantify the rehabilitation and land management program in terms of eff iciency or 
effectiveness and establish the indicative timeframes for completion. The performance indicators are used to define 
and evaluate the program, typically in terms of making progress tow ards the development of sustainable 
ecosystems w hile providing a framew ork for the implementation of key activities.  
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These indicators provide the basis for the procedural context of the site w ork practices. The performance indicators  
are attributes of the biophysical environment (e.g. pH, slope) that can be used to approximate the progression of a 
biophysical process and can be measured to demonstrate and track the progress of an aspect of rehabilitation 
tow ards a desired completion criteria (DTIRIS, 2012). 

 

Table 26 Performance indicators relevant to the rehabilitation of native ecosystems 

Rehabilitation Phase Performance Indicator 

Phase 1: Decommissioning No applicable ecological data available. 

Phase 2: Landform Establishment and Stability 

  

Landform slope/gradient 

Active erosion 

Phase 3: Grow th medium development Soil chemical/physical properties 

Phase 4: Ecosystem and Landuse Establishment 

  

Landform stability and organisation 

Vegetation diversity 

Vegetation density 

Ecosystem composition 

Phase 5: Ecosystem and Land Use Development 

  

  

Landform function and ecological performance 

Protective ground cover 

Ground cover diversity 

Native ground cover abundance 

Ecosystem grow th and natural recruitment 

Tree diversity 

Floristic diversity 

Ecosystem health 

 

At CSA, a range of Key Performance Indicators (KPI’s) have been determined and are quantif ied by data obtained 
from replicated reference sites representative of the agreed f inal landuse. All ecological performance indicators are 
quantif ied by range values measured annually from these reference sites and form both upper and lower KPI 
targets. The same ecological performance indicators are measured in the rehabilitation sites and these should equal 
or exceed these values, or demonstrate an increasing trend.  

These Key Performance Indicators are then further separated into “Primary performance indicators” and “Secondary 
performance indicators”. Primary performance indicators are those chosen as essential completion criteria targets, 
and have been identif ied as those that w ill satisfy requirements specif ically identif ied w ithin the MOP and relevant 
Management Plans, and in particular, the f inal landuse and any relevant conditions of consent relating to vegetation 
type, specif ic use of species and condition for example.  

Secondary performance indicators are those that w ould be desirable to achieve but w ill not necessarily have an 
influence on relinquishment requirements. Therefore, not all Performance Indicators are set as primary completion 
criteria targets. 

The general performance measures and completion criteria for rehabilitation and closure at CSA are identif ied below 
in Table 27. The Primary Performance Indicators used to measure the performance of rehabilitation monitoring sites 
are presented in Table 21. The specif ic performance measures and completion criteria for each phase of 
rehabilitation and each domain are discussed further in Section 6. 
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Table 27 General Performance and Completion Criteria 

Closure Element Rehabilitation Objective Completion Criteria 

Landform Stage 2– Landform 
Establishment 

- Flat gentle slopes less than 18°. 
- Stability 

Landscape Function  Stage 3 – Grow ing Media 
Development,  

Stage 4 – Ecosystem and 
Landuse Establishment ,  

Stage 5 – Ecosystem and 
Landuse Sustainability  

- Soil Surface condition 
- Erosion 
- Vegetation cover  
- Ground cover 
- Cryptogam cover 
- Soil crusting 
- Soil surface roughness and texture 
- Infiltration 

Soil Stage 3 – Grow ing Media 
Development,  

Stage 4 – Ecosystem and 
Landuse Establishment ,  

Stage 5 – Ecosystem and 
Landuse Sustainability  

- pH-  
- Soil salinity ECe < 2. 
- Heavy Metals –Arsenic, Lead, Zinc, Copper 
- Oil & Grease, Hydrocarbons 
- Sulphate 
- Organic carbon 
- Phosphorous 
- Nitrate 

Biodiversity Stage 3 – Grow ing Media 
Development,  

Stage 4 – Ecosystem and 
Landuse Establishment ,  

Stage 5 – Ecosystem and 
Landuse Sustainability  

- Presence of w eeds and pests 
- Floristic and species diversity 
- Groundcover diversity and abundance 
- Vegetation structure – density, understory  
- Habitat features such as hollow s, f low ering 

trees etc. 

 
 

Table 28 below  presents a selection of Primary Performance Indicators obtained from reference sites situated in 
local grazed w oodland communities during the most recent rehabilitation monitoring period (2020), w hich are used 
to measure the performance of rehabilitation sites at CSA.  Completion Performance Targets are considered to be 
met w hen they fall w ithin the specif ied target ranges.   
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Table 28 Primary Performance Indicators of Rehabilitation Monitoring Sites 

Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion criteria Performance 
Indicators 

Unit of measurement  

(desirable) 

Performance indicators are quantified by the range of values obtained from replicated reference sites  

 

Phase 2: 

Landform 
Establishment 

and Stability 

Landform 
slope, 
gradient 

Landform suitable for final 
landuse and generally 
compatible with surrounding 
topography 

Slope Degrees (<14°) 

Activ e 
erosion 

Areas of active erosion are 
limited 

Cross-sectional 
area of ri l ls 

m2 

 

Phase 3 

Growth 
Medium 

Development 

Soil 
chemical, 
physical 
properties 
and 
amelioration 

Soil properties are suitable for 
the establishment and 
maintenance of selected 
vegetation species 

pH pH (5.6-7.3) 

Organic Matter % (>4.5) 

Phosphorous mg/kg (50) 

 

 

Phase 4 

Ecosystem & 
Landuse 

Establishment 

Landscape 
Function 
Analysis 
(LFA): 
Landform 
stability and 
organisation 

Landform is stable and 
performing as it was designed 
to do 

LFA Stabil ity % 

LFA Landscape 
organisation  

% 

Vegetation 
div ersity 

Vegetation contains a 
diversity of species 

comparable to that of the 
local remnant vegetation 

Diversity of 
shrubs and 

juvenile trees  

species/area 

% population 

Exotic species 
richness 

<No./area 

Vegetation 
density 

Vegetation contains a density 
of species comparable to that 
of the local remnant 
vegetation 

Density of shrubs 
and juvenile trees 

No./area 

Ecosystem 
composition 

The vegetation is comprised 
by a range of growth forms 
comparable to that of the 
local remnant vegetation 

Trees No./area 

Shrubs No./area 

Herbs No./area 

Grass No./area 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion criteria Performance 
Indicators 

Unit of measurement  

(desirable) 

 

Phase 5 

Ecosystem & 
Landuse 

Development 

Landscape 
Function 
Analysis 
(LFA): 
Landform 
function and 
ecological 
performance 

Landform is ecologically 
functional and performing as 
it was designed to do 

LFA Infi ltration % 

LFA Nutrient 
recycling 

% 

Protectiv e 
ground cov er 

Ground layer contains 
protective ground cover and 
habitat structure comparable 
with the local remnant 
vegetation 

Perennial plant 
cover (< 0.5m) 

% 

Total Ground 
Cover 

% 

Nativ e 
ground cover 
abundance 

Native ground cover 
abundance is comparable to 
that of the local remnant 
vegetation 

Percent ground 
cover provided by 
native vegetation 

<0.5m tall 

% 

Ecosystem 
growth and 
natural 
recruitment 

The vegetation is maturing 
and/or natural recruitment is 
occurring at rates similar to 
those of the local remnant 
vegetation 

shrubs and 
juvenile trees      0 
- 0.5m in height 

No./area 

shrubs and 
juvenile trees >2m 

in height 
No./area 

Ecosystem 
structure 

The vegetation is developing 
vertical structure and 
complexity comparable to that 
of the local remnant 
vegetation 

Foliage cover         
0.5 - 2 m 

% cover 

Tree 
div ersity 

Vegetation contains a 
diversity of maturing tree and 
shrubs species comparable to 
that of the local remnant 
vegetation 

Tree diversity % 

Ecosystem 
health 

The vegetation is in a 
condition comparable to that 
of the local remnant 
vegetation. 

Live trees % population 

Healthy trees % population 

Flowers/fruit: 
Trees 

% population 
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6.0 Rehabilitation Tables 

 

6.1 Decommissioning  
In accordance w ith the MOP Guidelines (MOP 2013), decommissioning is the identif ication and description of those 
area and structures to be decommissioned and/or demolished during this term of the MOP.  No areas w ill be 
decommissioned or demolished in this period.  

Nonetheless, the Objectives, Criteria, Performance Measures and Indicators as they relate to the Decommissioning 
stage are provided in Table 29 together w ith the justif ication source, completion status and progress at the start of 
this MOP. 

It should be noted that this phase w ill particularly apply to those domains w here the risk of hazardous materials may  
exist and as such may not apply to some of the domains. 

 



  Mining Operations Plan  

82 
 

Table 29 Performance Criteria, Measures and Indicators - Decommissioning 

Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 

MOP 

Indicative 
Timeframe 

Domain – Infrastructure Area 

Infrastructure and 
facilities becoming 
redundant during the 
current MOP period 
are decommissioned 
and removed to 
ensure the site is safe 
and free of hazardous 
materials. 

 - Certif ication of removal and 
disposal of hazardous 
materials 

- Separation of saleable items; 
- Reuse or recycle materials 

(e.g. steel and concrete) 
w here practicable, or 
dispose of appropriately; 

- Disconnect and terminate 
services w here relevant; 

- Retained infrastructure to be 
assessed in context of safety 
in terms of transfer of 
ow nership and potential 
future users; 

- Cobar Council are provided 
w ith plans indicating the 
nature and location of buried 
services; 

Certif icates for removal and 
disposal of hazardous materials 
present w here relevant 

NPI Report and 
Data Collation 
 
CSA Site Waste 
Management 
Procedure 

No actions  
planned for 
this MOP 
term 

 

GIS data is provided show ing the 
location of all buried materials 

GIS data available of CSA system  Not 
commenced 

 

Domain – Tailings Storage Facility 

Make land suitable for 
f inal land use 

3rd party audit of the TSF 
undertaken in accordance w ith the 
Australian National Committee on 
Large Dams’ Guidelines on Dam 
Safety Management (ANCOLD 
2003). 

All infrastructure associated w ith 
the TSF is removed as identif ied 
in an approved Final Closure and 
Rehabilitation Plan 

- Sign off from the Dam Safety 
Committee. 

- Sign off from Cobar Shire 
Council. 

- Requirements of 
the Dam Safety 
Committee 

- STSF Closure & 
Rehabilitation 
Plan 2010 

Not 
commenced 

End of Mine 
life 

Decommissioned TSF 
is non-polluting  

All contamination w ithin 10% of 
mean background levels or below  
guidelines (CLM Act 1997): 
- ANZECC (2000) livestock 

drinking w ater guidelines. 

All potentially contaminated 
material has been removed, 
treated or contained. 
 

Soil (mg/kg): 
- As: 1.93% 
- Pb: 4.37% 
- Zn: 1400 
- Cu: 1400 

- STSF Closure & 
Rehabilitation 
Plan 2010 

- ANZECC (2000)  
- NEPC (1999)  

Not 
commenced 

End of Mine 
life 

Final TSF surface measured 
against site trials and data 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 

MOP 

Indicative 
Timeframe 

- NEPC (1999) guideline on 
investigation levels for soil 
and groundw ater. 

gathered throughout operational 
life of the mine. 

- Oil & Grease C16-C35 
(aliphatic & aromatic): 28,000. 

Water (mg/l): 
- SO4: 2,000 
- Pb: <0.1 
- Zn: 20 
- Cu: 0.4 
- TDS: 10,000 

Successful capping of 
TSF to ensure no 
contamination from 
buried tailings 
materials. 

All contamination w ithin 10% of 
mean background levels or below  
guidelines: 
- DECCW Standard soil 

salinity classes (non-saline). 
- ANZECC (2000) livestock 

drinking w ater guidelines. 

No migration of salts or heavy 
metals into the top grow th layer. 
 

- Soil salinity ECe <2No signs 
of salt build-up (crusting) on 
surface after rehabilitation. 

STSF Closure & 
Rehabilitation Plan 
2010 

Not 
commenced 

End of Mine 
life 

- Closure and rehabilitation 
design to ensure w ater 
shedding landform. 

- AS/NZS 5667-11.1998 
Guidance on sampling 
groundw ater & surface 
w aters. 

- Final landform to be 
surveyed and contour plan 
generated. 

Minimal w ater migration into 
tailings material w ith no 
contaminated seepage from 
tailings storage facility. 

 

- Flat gentle slopes less than 18° 
on tailings surface. 

- No signs (w et spots, w hite salt 
build-up unusual vegetation 
grow th) of seepage from 
impoundment structure after 
rehabilitation. 

- No pooling of w ater on surface 
capping after rainfall. 

- Piezometer monitoring show s 
no degradation in w ater quality. 

STSF Closure & 
Rehabilitation Plan 
2010 

Not 
commenced 

End of Mine 
life 

Domain – Exploration Site 

All exploration sites 
w ill be rehabilitated to 
a stable and 
permanent form 

Disturbance All disturbances resulting from 
exploration activities w ill be 
rehabilitated to a stable and 
permanent form at the completion 
of exploration. 
 

Implementation of the CMPL CSA 
Mine Exploration Environmental 
Management Plan 
DTIRIS Surface Disturbance 
Notice requirements 

CMPL Exploration 
Environmental 
Management Plan - 
update annually 

Ongoing At cessation 
of drilling 
w orks. 

Domain - Rock Emplacement 

Areas of Rock 
Emplacement w ill be 
rehabilitated and 

Coarse rejects Problematic coarse rejects that 
are not w ithin a contained area w ill 
be capped w ith benign material to 

Capping w ith benign material to 
prevent w ater ingress  

- CMPL 2013-
2017 MOP 

Ongoing End of Mine 
life 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 

MOP 

Indicative 
Timeframe 

integrated into the f inal 
landscape and 
revegetation strategy. 

ensure the risk associated w ith 
w ater infiltration are minimised. 

- CSA Mine 
Asbestos 
Management 
Plan and  

- CSA Mine 
Asbestos Site 
Register 

- Bonded 
Asbestos 
Removal 
Licence 
through NSW 
WorkCover 

- CMPL 
Contaminated 
Sites Register 

- CSA Mine 
Hazardous 
Substances & 
Dangerous 
Goods 
Management 
Plan 

-  

Acid generating materials - Any net acid generating 
materials that exist beyond a 
contained structure i.e. 
outside TSF w ill be capped 
w ith benign material to stop 
w ater infiltration into acid 
generating materials. 

- Geochemical 
characterisation and 
operational monitoring of 
spoil, mineral w aste and pit 
w all rock. 

- Potentially acid forming spoil 
and reject deposited in 
specially designed and 
constructed facilities.  

- Pit w all rock covered or 
otherw ise managed to 
minimise risk of Acid Rock 
Drainage w here practical. 

- Capping adequate to prevent 
w ater ingress. 

- The f inal amount of capping 
material required w ill be 
determined once preliminary 
testing is conducted but is 
likely to be 400mm w ith a 
minimum standard Dry 
Density Ratio (compaction 
level) of 95%, this is in 
accordance w ith 
AS1289.5.1.1 and 5.7.1. 

- If  required, monitoring of 
drainage/seepage from spoil 
and mineral w aste 

Ongoing End of Mine 
life 

Dangerous goods Notif ications of dangerous goods 
on the premises are updated and 
submitted to NSW WorkCover 

WorkCover records 
 

Ongoing As required 
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6.2 Landform Establishment 

In the context of this MOP, Landform Establishment includes the processes involved to achieve stable landforms  
including slopes, erosion controls, and drainage lines w ith integrated landscape features, w hich are compatible w ith 
surrounding landforms and f inal land use. 

The Objectives, Criteria, Performance Measures and Indicators as they relate to the Landform Establishment stage 
are provided in Table 30, together w ith the justif ication source, completion status and progress at the start of the 
MOP. They address: 

- Stabilising landforms; 

- Minimise erosion; 

- Prevent w ater pollution; 

- Prevent access to hazardous locations; 

- Enhance visual amenity and address public safety; 

- The optimal social and economic utilisation of the site; and 

- Stock and fauna safety. 

The f inal landform, landuse and rehabilitation domain types for the CSA Mine at the end of this MOP period are 
show n on Plan 3.  

 

6.2.1 Final Landform 

The proposed f inal landform at the CSA Mine w ill be designed to reflect as close as possible the original pre-mining 
landform and drainage characteristics of the area and w ill empathise w ith the adjoining landform. The surrounding 
topography in the Cobar region is characterised as f lat to gently undulating w ith a few  scattered hills. Typical surface 
gradients are approximately 1.5% to 9% (CMPL 2006; ERM 2007). 

Apart from the STSF w alls, the only area on site currently w ith high or steep cut or f ill slopes is the area around the 
old smelter site. This area has the appearance of an old bench w ith steep batters and covers an area of some 1.5 
ha. This w hole area w as reformed to slopes of approximately 1:4 in June 2014 and drainage channels constructed 
to reduce erosion potential.  The area w as also ripped, covered w ith hay, treated w ith lime and tube stock planted. 

The only major landform that w ill remain on site after closure is the tailings dam, for w hich three f inal landform 
options are considered. Based on the presently available information, the preferred option for the STSF is a crescent 
shaped domed structure w ith suitable tailings surface treatment and a w ell-defined surface drainage system. 

The majority of the drainage off the STSF at closure should be directed to the northw estern corner w here the height 
of the perimeter embankment is relatively low . Drainage to the east and southern sides of the TSF should be 
minimised as the perimeter embankment in these areas is relatively high and steep and therefore has a relatively  
high erosion potential. 
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Table 30 Performance Criteria, Measures and Indicators – Landform Establishment 

Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

All Domains 

Post-mining 
landforms are aligned 
to the objectives of 
the Cobar LEP (2012) 

- The landform is to be 
shaped to ensure slopes are 
<17 degrees unless 
otherw ise agreed. 

- Absence of straight lines and 
angular corners in profiles of 
f inal landforms 

- Drainage lines to be self-
sustaining and 
predominantly constructed of 
natural materials (e.g. 
minimise concrete) 
 

Landforms to be established 
during rehabilitation through to 
mine closure w ill be constructed 
to match surrounding landforms, 
as much as possible 

Slope < 17 degrees Cobar LEP Ongoing End of Mine 
life 

Domain – Tailings Storage Facility 

Landform is safe and 
stable 

- Slope 
- Salinity indicators 
- Pooling of w ater 
- Groundw ater 

3rd party audit against safety 
regulations 

- Flat gentle slopes less than 
10° on tailings surface 

- No signs (w et spots, w hite 
salt build up unusual 
vegetation grow th) of 
seepage from impoundment 
structure after rehabilitation 

- No pooling of w ater on 
surface capping after rainfall 

- Piezometer monitoring 
show s no degradation in 
w ater quality compared to 
baseline data 

- Determine the low est 
credible strength of the 
tailings and friction angle 
 

- STSF Closure & 
Rehabilitation 
Plan 2010 

- Mine Health and 
Safety regulation 
(2007) 

- Mineral Industry 
Safety Handbook 
(July 2002) 

Not 
commenced 

End of Mine 
life 

Slopes surveyed and reconciled 
against approved f inal slopes in 
the Final Closure and 
Rehabilitation Plan 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

Soil salinity 
 
Monitor total dissolved solids, total 
suspended solids, pH and 
conductivity in the TSF’s w ater 
 

Tailings storage facilities are 
capped w ith overburden and 
rehabilitated after consolidation of 
tailings  
No migration of salts or 
heavy metals into the top 
grow th layer 

- Soil salinity ECe < 2. 
- No signs salt build-up 

(crusting) on surface after 
rehabilitation 

   

Landscape is 
resistant to erosion. 

- Slope 
- Pooling of w ater 
- Rill / sheet erosion 
- Hydrological modelling 

- Landform is w ater shedding. 
- Water drainage is incorporated 

into natural drainage system. 
- Hydrological modelling using 

rehabilitated lay of land and 
existing contours. 

- 3rd party audits and site 
inspections of f inal landform to 
ensure consistency w ith natural 
drainage system, natural local 
topography and surrounding 
f inal landuse. 

- Flat gentle slopes less than 
18°. 

- No pooling of w ater after 
rainfall. 

- No identif iable rill and sheet 
erosion. 

- Hydrological modelling –flow  
drainage conforms to local and 
regional drainage. 

- 3rd party audits and site 
inspections reports confirm 
successful achievement of f inal 
land use. 

STSF Closure & 
Rehabilitation Plan 
2010 
CSA Mine STSF 
Weekly Inspection 
Checklist 
 

Not 
commenced 

End of Mine 
life 

Amendable to 
surrounding 
environment (not 
visually obtrusive) 

No remaining visually obtrusive 
structures 

- GIS mapping and models to 
evaluate design elevation 
against line of site from public 
places. 

- Visually observe from key sites 
to assess visibly above existing 
tree line. 

Not visible from public areas, 
neighbouring properties or public 
roadw ays. 

STSF Closure & 
Rehabilitation Plan 
2010 

Not 
commenced 

End of Mine 
life 

Shape and height of remaining 
structures blend in w ith natural 
surrounding environment. 
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6.3 Growth Medium Development 

In the context of this MOP Grow th Medium Development incorporates the processes involved to achieve a soil 
w hich is capable of supporting a sustainable plant community. It includes consideration of the chemical, physical 
and biological properties of the grow th medium and takes into account issues such as the specialist requirements  
aligned to the revegetation of the disturbed areas e.g. soil ameliorants. A consideration of landuse that may deviate 
from the traditional post mining landuse is also considered (refer to Table 4 in Section 1.4).  

 

6.3.1 Rock Material 

Rock material varies in physical and geochemical properties in accordance w ith the geology of the area. Only rock 
coming from areas that have been pre-assessed for acid generation potential is permitted to be hoisted and 
stockpiled at the surface, and be potentially used in capping and rehabilitation activities. Material identif ied as PA F 
or acid forming is not permitted for hoisting to surface. Consequently, rock used in rehabilitation activities is 
appropriate and suitable for use as a plant grow th medium. 

 

6.3.2 Topsoil suitability 

Soils around the mine are typif ied by red sandy loam w ith very little structural development (Corkery & Co 1995). 
Topsoil is typically minimal at an average depth of 300 mm and ranging from 150 mm to 400 mm (CMPL 2007). It  
is believed that most of the topsoil layer has been removed as a result of erosion over the past 150 years of grazing 
activity, leaving a profile low  in organic matter. How ever, these soils are suitable for use as topdressing. 

The use of each topsoil stockpile for rehabilitation w ill be based on its suitability as a grow ing medium. Prior to use, 
topsoil sampling w ill be undertaken to analyse for pH, electrical conductivity, major cations and anions, heavy metal 
levels, organic matter, inorganic nitrogen and inorganic phosphorus at varying depths. 

Soil management is fundamental in successful rehabilitation management at the CSA Mine. The key objectives for 
managing the soil landscape (in context of vegetative cover and soil stability) include: 

- Minimising bare soil patches w hich w ould be affected by w ind and w ater movement and the transportation of 
resources into and out of the system; and 

- Achieving favourable nutrient, inf iltration and stability characteristics for the nominated vegetation 
communities. 

The Objectives, Closure Criteria, Performance Measures and Indicators w hich describe the Grow th Medium 
Development stage are provided in Table 31, together w ith the justif ication source, completion status and progress 
at the start of the MOP. 
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Table 31 Performance Criteria, Measures and Indicators – Growth Medium Development 

Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

Domain – Infrastructure Area 

Successful design 
and rehabilitation of 
landforms to ensure 
structural stability, 
revegetation success 
and containment of 
w astes 

Regulatory guidelines Use of soil ameliorants - Current regulatory guidelines 
- Soil ameliorants are 

incorporated by ripping, 
plough or rotating hoe or 
other methods 

 

CMPL Topsoil 
Management Plan - 
updated annually 
 
CMPL Surface 
Exploration 
Environmental 
Procedure 
 
Cobar 
Management Pty 
Limited - CSA 
Copper Mine Soil 
Sampling Report – 
Cobar NSW 
(Coffey Nov 2005) 
 
 

Ongoing End of Mine 
life 

Assess the grow th medium’s 
physical properties – texture, 
structure and Emerson Aggregate 
assessment 

Physical properties of the grow ing 
medium 

- pH is typical of that of the 
surrounding landscape or 
falls w ithin desirable ranges 
provided by the agricultural 
industry EC is typical of that 
of the surrounding 
landscape or falls w ithin 
desirable ranges provided by 
the agricultural industry. The 
surface layer to be free of 
hazardous materials to a 
depth of at least 1 metre. 

- Water leaving the site 
(Discharge of STF) to meet 
EPL 1864 criteria. 

- Soil Nitrogen and 
Phosphorous levels to be 
trending tow ards the range 
suitable for plant grow th. 

- Organic carbon level to be 
broadly trending tow ards 
20% of levels of reference 
sites after 10 years. 

 
 
 

Ongoing End of Mine 
life 

Assess the grow th medium’s 
chemical properties – pH, salinity, 
nitrogen, potassium and 
phosphorous 

Chemical properties of the 
grow ing medium 

Ongoing End of Mine 
life 

Assess the grow th medium’s 
biological properties – organic 
content, presence of an O 
(organic) and A (surface) horizon 

Biological properties of the 
grow ing medium 

Ongoing End of Mine 
life 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

- Topsoil stripping 
- Stockpile height 
- Topsoil stockpile location 
- Quantities of topsoil 

Topsoil resources pre-disturbance 
are defined  
 

- Topsoil is stripped in 
accordance w ith the topsoil 
stripping plan  

- Permanent stockpile height 
restrictions - 3 metres 
maximum for topsoil and 5 
metres for w aste rock 
stockpiles maintained on 
site. Width of stockpiles is 
not limited 

- Topsoil stockpiles w ill be 
located aw ay from mining, 
traff ic areas and 
w atercourses 

- Where available, level or 
gently sloping areas w ill be 
selected as stockpile sites 

- Stockpiles kept longer than 3 
months w ill be sow n w ith a 
cover crop to minimise soil 
erosion and invasion of 
w eed species 

- Weed grow th w ill be 
monitored and controlled 

- Prior to re-spreading, w eed 
grow th w ill be scalped from 
the top of the stockpiles to 
minimise the transport of 
w eeds into rehabilitated area 

- Stockpiles w ill be 
appropriately sign-posted to 
identify the area and 
minimise the potential for 
unauthorised use or 
disturbance 

Ongoing Prior to any 
new  
disturbance 

Topsoil resources post-stripping 
are defined  

Ongoing As required 

Topsoil resources post-placement 
on areas of rehabilitated lands are 
defined  

Ongoing As required 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

Domain – Tailings Storage Facility 

Medium is able to 
sustain vegetation 
covering as per f inal 
land use. 

- Grow th medium depth 
- Soil loss/retention 
- Soil carbon 
- Soil nutrient 

Grow th medium is functioning as 
designed and able to support 
various plant species 

- Grow th medium depth is at a 
minimum of 150 mm across 
all rehabilitated sites. 

- No more than 0.6 mm of soil 
loss per year. 

- Soil carbon 1-1.5% and nitrates 
3-6 mg/kg.  

- 55 mm soil loss per 100 years 
– as measured by hand auger 
standard technique (REF 19) 

- Medium nutrient and carbon 
content is w ithin 10% of 
background levels 

- STSF Closure & 
Rehabilitation 
Plan 2010 

- CMPL Topsoil 
Management 
Plan 2011 

Commenced End of Mine 
life 

Domain – Exploration Site 

All exploration sites 
w ill be rehabilitated to 
a stable and 
permanent form 

Grow ing medium depth 
 

A suitable grow ing medium w ill be 
placed over the disturbed area. 

Grow th medium depth is at a 
minimum of 150 mm across all 
rehabilitated sites. 
 

CMPL Exploration 
Environmental 
Management Plan - 
update annually 

Ongoing End of Mine 
life 
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6.4 Ecosystem and Landuse Establishment  

In the context of this MOP, Ecosystem and Landuse Establishment incorporates the requirements for: 

- Land Capability and Agricultural Suitability, 

- Economic feasibility; 

- Alignment to the current Cobar LEP (2012); 

- Optimal carrying capacity and/or stocking rates; 

- Correct f lora species selection in terms of the revegetation programs; 

- The management and control of w eed and vertebrate pest species; 

- The development of systems to enhance opportunities for nutrient cycling; and 

- The optimal use of onsite resources e.g. w oody debris, rock, mulch in terms of habitat creation and / or f inal 
landuse. 

Rehabilitation at the CSA Mine is generally divided into areas for biodiversity outcomes (Native Plant Ecosystems)  
and areas of unimproved pastures. The framew ork for the development of the Criteria, Performance Measures and 
Indicators for Ecosystem and Landuse Establishment is provided in Table 32, together w ith the justif ication source, 
completion status and progress at the start of this MOP. 

 

6.4.1 Biodiversity 

Comprehensive biodiversity assessments of the CSA Mine site w ere undertaken in 1999 (Wildthing 1999), 2006 
(PB 2006) and 2012 (EnviroKey 2012). The key biodiversity features present on CML5 are outlined below . The 
2012 biodiversity report can be found in Appendix G. The next biodiversity assessment is scheduled in the f irst 
quarter of 2021. 

 

6.4.1.1 Flora 

The CSA Mine site is located w ithin the Cobar Peneplain Bioregion, w hich is characterised by an undulating to hilly  
landscape w ith shallow , red earth soils w here the vegetation is mainly open w oodlands of bimble box (Eucalyptus 
populnea), red box (Eucalyptus intertexta) and w hite cypress (Callitris glaucophylla). 

The Cobar Peneplain Bioregion has suffered signif icant vegetation losses, w ith 33% of the w oody native vegetation 
cleared since European settlement.  Despite this clearing, the bioregion currently supports large areas of dense 
shrubby w oodlands w hich support areas of intact understorey and ground vegetation. 

The 2012 biodiversity assessment found 197 f lora species presently or previously recorded w ithin CML5 and 
concluded the area has high f loral diversity.  The f ield survey revealed the presence of six Biometric vegetation 
communities w ithin the study area. These w ere:  

- Benson ID 104 – Gum Coolabah w oodland on sedimentary substrates mainly in the Cobar Peneplain 
Bioregion (present as a mosaic betw een 108); 

- Benson ID 108 – Gum Coolabah - Mulga open w oodland on gravel ridges of the Cobar Peneplain Bioregion 
(present as a mosaic betw een 104); 

- Benson ID 103 – Poplar Box - Gum Coolabah and White Cypress Pine Shrubby Woodland mainly in the 
Cobar Peneplain Bioregion; 

- Benson ID 174 – Mallee - Gum Coolabah w oodland on red earth f lats of the eastern Cobar Peneplain 
Bioregion; 
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- Benson ID 176 – Green Mallee - White Cypress Pine very tall mallee w oodland on gravel rises mainly in 
the Cobar Peneplain Bioregion; 

- Benson ID 229 – Derived mixed shrubland on loamy-clay soils in the Cobar Peneplain Bioregion; and  

- Cleared/developed land (Non-native vegetation). 

None of these vegetation communities are representative of an Endangered Ecological Community (EEC) listed 
under the Biodiversity Conservation Act 2016 (BC Act) or the Environment Protection and Biodiversity Conservation 
Act 1999 Cth. (EPBC Act).  How ever, tw o vegetation communities present w ithin the study area are likely to be of 
conservation signif icance. According to Benson et al. (2006), Benson ID 103 is considered ‘near threatened’ w hile 
Benson 174 is considered ‘vulnerable’.  Both communities are threatened by inappropriate f ire regimes, clearing, 
grazing by stock and goats, w oody w eed invasion (likely a result of changes to grazing and f ire regimes) and sheet 
erosion. 

No threatened f lora species listed by the BC Act or the EPBC Act w ere detected on CML5 during the1999, 2006 or 
2012 biodiversity assessments. The habitats present w ithin the site may how ever, provide suitable habitat for the 
follow ing four threatened species: 

- Western Goodenia – Goodenia occidentalis; 

- Pine Donkey Orchid – Diuris tricolour; 

- Large-leafed Monotaxis – Monotaxis macrophylla; and 

- Cobar Greenhood Orchid – Pterostylis cobarensis. 

Several factors relating to vegetation condition and disturbance w ere identif ied during the 2012 study: overgrazing, 
alterations to f ire regimes, w eeds and previous timber harvesting and clearing. 

 

6.4.1.2 Fauna 

The diverse landscape and vegetation of the Cobar Peneplain Bioregion supports a w ide variety of fauna species. 
A total of 160 fauna species w ere identif ied w ithin CML5 during the 2006 and 2012 biodiversity surveys, comprising: 
110 bird species; 20 reptile species; 3 frog species, 15 mammal species and 12 bat species. 

Nine threatened fauna species and one migratory fauna species listed under BC Act and EPBC Act w ere detected 
w ithin CML5 during the 2012 biodiversity assessment, including: 

- Chestnut Quail Thrush Cinclosoma castanotum listed as Vulnerable under TSC Act; 

- Grey-crow ned Babbler Pomatostomus temporalis temporalis listed as Vulnerable under TSC Act; 

- Hooded Robin Melanodryas cucullata cucullata listed as Vulnerable under TSC Act; 

- Little Eagle Hieraaetus morphnoides listed as Vulnerable under TSC Act; 

- Pink Cockatoo Lophochroa leadbeateri listed as Vulnerable under TSC Act; 

- Varied Sittella Daphoenositta chrysoptera listed as Vulnerable under TSC Act; 

- Little Pied Bat Chalinolobus picatus listed as Vulnerable under TSC Act; 

- Yellow -bellied Sheathtail Bat Saccolaimus flaviventris listed as Vulnerable under TSC Act; 

- Inland Forest Bat Vespadelus baverstocki listed as Vulnerable under TSC Act; and 

- Rainbow  Bee-eater Merops ornatus listed as Migratory under EPBC Act. 

An evaluation of the likely occurrence of threatened and migratory species revealed that a further 12 species w ere 
either know n to occur, or have the potential to occur in the area based on habitat quality and availability. Three 
distinct fauna habitats w ere identif ied across the study area, comprising Woodland, Shrubland and Mine 
Disturbance. Six key threatening processes listed under the BC or EPBC Acts w hich could threaten (or potentially  
threaten) the survival or evolutionary development of a species, population or ecological community, have been 
identif ied as relevant to CML5.  
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These include: 

- Competition and habitat degradation by Feral Goats;  

- Removal of dead w ood and dead trees; 

- Clearing of Native Vegetation; 

- Predation by European Red Fox; 

- Predation by Feral Cats; 

- Predation and hybridisation by Feral Dogs. 
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Table 32 Performance Criteria, Measures and Indicators – Ecosystem and Landuse Establishment. 

Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

All Domains 

- The f inal 
vegetation cover is 
similar to the 
surrounding 
w oodlands of 
bimble box 
(Eucalyptus 
populnea), red box 
(Eucalyptus 
intertexta) 
community. 

- Post-mining land 
use is sustainable 
and compatible 
w ith surrounding 
land uses, and 
provides optimal 
environmental and 
community benefits 

- Successful design 
and rehabilitation 
of landforms to 
ensure structural 
stability, 
revegetation 
success and 
containment of 
w astes 

- Post mining land 
use considers the 

- Weed Control 
- Ground cover 

Weeds are controlled to 
appropriate levels 

- The amount of w eeds 
present broadly comparable 
to analogue sites or baseline 
survey 

- Vegetation cover of 
desirable species is broadly 
consistent w ith reference 
site over time % cover/area 

CMPL Weed 
Management Plan 
(updated annually) 
 
Annual w eeds 
inspection by the 
Cobar Shire 
Council w eeds 
off icer 
 
CMPL Pest 
Management Plan 
(updated annually 
 
CMPL Fire and 
Explosion Principal 
Hazard 
Management Plan 

Ongoing End of Mine 
life 

Pest Animal Species Pest animal control for any 
declared pest animal species 
know n on the project lands. 

All control measures are 
undertaken as required 
Control program target feral goats 
and pigs 

Ongoing Continually 
throughout 
operations 

Bush Fire Management Vegetation is managed to control 
f ire 

Indicators as described in AEMR 
and the Fire and Explosion 
Principal Hazard 
Management Plan  

Ongoing Continually 
throughout 
operations 

Species Selection Species used are compatible w ith 
agricultural or native biodiversity 
conservation outcomes  

Species sow n are consistent w ith 
existing plant communities  

Ongoing As required 

- Germination and 
establishment of 
vegetation Number 
species/area. 

- Land capability classes 

Appropriate germination and 
establishment occurs post sow ing 

- Species numbers are 
broadly comparable w ith 
analogue sites 

-  Land capability classes are 
comparable to analogue 
sites 

- No uncontrolled entry of 
livestock or vehicles 

Ongoing As required 

- Ground cover,  
- Carrying capacity,  
- Pasture productivity 

Pasture species mix aligned to 
sustainable productivity of 
domesticated stock 

Groundcover, carrying 
capacity and pasture 

Ongoing As required 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

limitations of land 
capability 

productivity are comparable 
to analogue sites. 

Post-mining land use is 
sustainable and 
compatible w ith 
surrounding land uses, 
and provides optimal 
environmental and 
community benefits 

- GIS data 
Site Disturbance Permit - 
Pre-Disturbance Baseline 
Study and Permit process 

No conflict betw een rehabilitation 
w orks / biodiversity offsets and 
Aboriginal cultural heritage 

- The location of the 
Aboriginal archaeological 
sites are recorded using GIS 

- Site is protected by Site 
Disturbance Permit - Pre-
Disturbance Baseline Study 
And Permit process 

CSA Mine Cobar – 
Archaeology and 
Cultural Heritage 
Review (Cultural 
Heritage 
Connections Oct 
2007) 
 

Ongoing End of Mine 
life 

Domain – Exploration Site 

All exploration sites w ill 
be rehabilitated to a 
stable and permanent 
form 

Revegetation species mix All exploration sites w ill be 
rehabilitated as soon as is 
practicable after they are no 
longer required. Rehabilitation w ill 
be consistent w ith leading practice 
guidelines and/or any DTIRIS 
guidelines.  

Re-established vegetation is 
comparable to analogue sites. 

CMPL Exploration 
Environmental 
Management Plan - 
update annually 

Ongoing At cessation 
of 
exploration 
w orks 
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6.5 Ecosystem and Landuse Sustainability 

In the context of this MOP, Ecosystem and Landuse Sustainability incorporates: 

- Development of land usage w hich is consistent w ith surrounding areas; 

- Development of landuse options that provide optimal and sustainable social and economic benefit to the local 
community; 

- Development of sustainable agricultural productivity; 

- Suitable Land Capability classes, 

- Development of profiles in the grow th medium; and 

- Vegetation communities capable of tolerating catastrophic events e.g. bushfire and extensive drought. 

The Objectives, Closure Criteria, Performance Measures and Indicators as they relate to the Ecosystem and 
Landuse Sustainability Stage, together w ith the justif ication source, completion status and progress at the start of 
the MOP are provided in Table 33. 
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Table 33 Performance Criteria, Measures and Indicators – Ecosystem and Landuse Sustainability 

Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

All Domains 

- Successful design and 
rehabilitation of landforms to 
ensure structural stability, 
revegetation success and 
containment of w astes; 

- Post-mining land use is 
sustainable and compatible 
w ith surrounding land uses, 
and provides optimal 
environmental and community 
benefits, and is aligned to the 
objectives of the Cobar LEP 
(2012); 

- The f inal vegetation cover is 
similar to the surrounding open 
w oodlands of bimble box 
(Eucalyptus populnea), red box 
(Eucalyptus intertexta) and 
w hite cypress (Callitris 
glaucophylla). 

CSIRO Ecosystem 
Function Analysis 
methodology 

Nutrient cycling - Ground cover is to achieve 
a minimum LFA Landscape 
Organisation Index (LOI) of 
50 over the rehabilitated 
area. 

- Pasture cover is to achieve 
a minimum LFA LOI of 100 
over the rehabilitated area. 

CSA Mine Annual 
Environmental 
Management 
Report  

Ongoing Yearly 
assessment 
throughout 
operations 

Weed species 
abundance and 
diversity 

Ecosystem resilience Weeds and pest animal species, 
and abundance are comparable 
to analogue sites. 

Ongoing Yearly 
assessment 
throughout 
operations 

Groundcover Areas of bare ground are broadly 
comparable to analogue sites. 

Ongoing Yearly 
assessment 
throughout 
operations 

Domain – Rehabilitation Area, Unimproved Pastoral Lands 

- Post-mining landform and land-
use are aligned to the 
objectives of the Cobar LEP 
(2012); 

- The f inal vegetation cover is 
similar to the surrounding open 
w oodlands of bimble box 
(Eucalyptus populnea), red box 
(Eucalyptus intertexta) and 

Ecosystem health The ecosystem is in a condition 
comparable to the local vegetation 
in analogue site/s. 

Comparison of live species, 
healthy species, trees w ith 
dieback, dead species, species 
f low ering compared to analogue 
sites. 
 

CSA Mine Annual 
Environmental 
Management 
Report  
CSA Landscape 
Function Analysis 
Report 

Not 
commenced 

End of Mine 
life 

Ecosystem 
composition 

The vegetation is comprised by a 
range of grow th forms comparable 
to the local vegetation in analogue 
site/s.  

Number of trees, shrubs, 
grasses, forbs broadly compared 
to analogue sites. 

Not 
commenced 

End of Mine 
life 
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Objective Indicator Performance Measure Completion Criteria Justification / 
Source 

Progress at 
start of 
MOP 

Indicative 
Timeframe 

w hite cypress (Callitris 
glaucophylla). 

 

Ecosystem 
structure 

The ecosystem is developing in 
structure and complexity 
comparable to the local vegetation 
in analogue site/s  

Projected foliage cover at various 
stratums is broadly comparable to 
analogue sites. 

Not 
commenced 

End of Mine 
life 

- Post-mining landform and land-
use are aligned to the 
objectives of the Cobar LEP 
(2012); 

Agricultural 
productivity 

Agricultural landscape are 
sustainable in terms of stock 
handling facilities, stock w ater 
supplies and pasture health 

- pH levels are broadly w ithin 
the range required to allow  
plant grow th for pasture 
species 

- Noxious and key w eed 
species (e.g. Galvanised 
Burr) are broadly 
comparable or better than 
reference sites 

- Stock w atering dams are 
provided w here appropriate 

- Assessment of Potential 
Carrying Capacity in Dry 
Sheep Equivalent (DSE) 

CSA Mine Annual 
Environmental 
Management 
Report 

Not 
commenced 

End of Mine 
life 
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7.0 Rehabilitation Implementation 

7.1 Rehabilitation Status at MOP Commencement 
This section describes the status of each domain at the start of this MOP period. For this section, the rehabilitation 
areas domains have been grouped into a single domain. The rehabilitation status of domains that are active, i.e. 
and subject to ongoing mining operations, is not described. 

 

7.1.1 Infrastructure Area 

Domain is active. 

7.1.2 Water Management Area 

Domain is active. 

7.1.3 Tailings Storage Facility 

Domain is active. 

7.1.4 Rock Emplacement 

Domain is active. 

7.1.5 Topsoil Stockpile 

Domain is active. 

7.1.6 Exploration Site 

Domain is active on CML5. 

7.1.7 Rehabilitation Areas 

CSA Mine is currently in the mature operations’ stage (mid mine phase) w here most of the disturbance has taken 
place and the mine is in steady operations. Not a great deal of rehabilitation has therefore been completed in the 
past. Minimal progressive rehabilitation has taken place, w hich has involved the spreading of green w aste and hay 
on areas of land not impacted by mining activities, w hile most revegetation that has occurred has been due to 
natural succession of vegetation from surrounding areas.  

Currently there are three areas that have previously undergone rehabilitation at CSA Mine: Little Mount Brow n 
(LMB), CSA Mill and CSA Over-Subsidence (OS). These areas are highlighted in Figure 10. The OS area was 
rehabilitated by CSA in 2008, how ever, it is excised from CML5 and does not make up part of the f inal mine 
rehabilitation area.  

LMB and CSA Mill have undergone progressive rehabilitation during mine operation, but as yet they do not meet 
the f inal landform requirements. The STSF has also undergone some trial rehabilitation in the form of green w aste 
being placed on the eastern w all and seeding on the southern w all. 

Due to the small size of the CSA Mine operational footprint and the area requirements of proposed major projects, 
small portion of the STSF side and the Mount Brow n areas have been planned for rehabilitation during this MOP 
term. In addition, rehabilitation efforts w ill be focused on the improvement and maintenance of existing rehabilitation 
areas and the development and implementation of rehabilitation trials.  
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7.2 Proposed Rehabilitation Activities this MOP Term 
During the term of this MOP there w ill be rehabilitation trials in a small section of the STSF and Mount Brow n areas. 
There shall also be continued rehabilitation maintenance on the existing rehabilitation areas of Little Mount Brow n 
(LMB) and CSA Mill.  The fencing on all rehabilitation areas w ill also be improved to stop the impacts associated 
w ith feral goats. Figures 10a and 10b show  the current site rehabilitation and planned rehabilitation areas 
respectively. 

The CSA mine is an underground mine w ith minimal surface disturbance. As a result of this, there are limited 
opportunities for progressive rehabilitation w hilst the mine is still active. Previously disturbed areas that w ere 
identif ied in the past as potential rehabilitation areas have been used as laydow n areas for equipment as part of the 
projects discussed in Section 2.2.3.  

The proposed disturbance and land management schedule for the term of the MOP is presented in Table 34. The 
intent of the rehabilitation activities during the life of the MOP are summarised as follow s: 

- Where possible, CSA w ill limit disturbance to any new  areas that are not already classed as disturbed; 

- CSA have no intentions to go back into any areas that are classif ied as “rehabilitated” and re-disturb;  

- In terms of the rehabilitated areas CSA do not have any “disturbed” areas of mining activity due to become 
available for rehabilitation during the MOP period; 

- CSA w ill conduct a detailed review  of the location and size of mine disturbance areas on CML5 in 2021.  The 
results of the study, w hich w ill include GIS surveying and the individual identif ication of discrete areas, w ill 
inform the review  and upgrade of the Rehabilitation and Environment Management Plan (REMP).  The 
Rehabilitation Cost Estimate (RCE) w ill be review ed in light of the survey results if  required. 

 

 

Table 34 Rehabilitation Land management and disturbance schedule during the MOP 

Year 
Total 1 

Disturbance 
Area (ha) 

Total 
Rehabilitation 
area (ha) per 
MOP year 

Cumulative 
Rehabilitation 
Area (ha) 

Comments 

2021 173.437 55.957 55.957 

Rehabilitation of  small section of Mount 
Brow n and STSF.  Rehabilitation w ill also 
involve improvement and maintenance of 
existing rehabilitation areas 

2022 177.6 56.957 56.957 

Rehabilitation of  small section of Mount 
Brow n and STSF.  Rehabilitation w ill also 
involve improvement and maintenance of 
existing rehabilitation areas 

Total at 
End of 
MOP  

177.6 56.957 56.957  

 

1 CSA will conduct a detailed survey and review of the location and size of mine disturbance areas on CML5 in 2021.  
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Figure 10a  Existing Rehabilitation Areas 
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       Figure 10b   Proposed Rehabilitation Areas During MOP Term 
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7.2.1 Infrastructure Area 

No additional rehabilitation activities is anticipated for this domain during the period covered by this MOP, as the 
existing major infrastructure w ill remain in place and none w ill be decommissioned. The existing rehabilitation areas 
of Little Mount Brow n (LMB) has an area of 2ha, and CSA Mill w ith an area of 1.6ha, w ill be rehabilitated and 
maintained as per the recommendations provided in the Landscape Functional Analysis and Rehabilitat ion 
Monitoring reports by DnA Environmental (Appendix  H).   

Minor infrastructure w hich may be removed from site during the MOP include the surface ore stockpile bins. Such 
infrastructure is associated w ith other disturbed areas or existing buildings and infrastructure thus w ill not require 
land rehabilitation post removal or decommissioning. 

 

7.2.2 Water Management Area 

Water Management Areas w ill continue to be managed as in the current situation w ith none to be rehabilitated 
during the period of this MOP. 

 

7.2.3 Tailings Storage Facility 

No capping and rehabilitation of TSFs has yet been undertaken at the CSA Mine, only a small section as seen in 
Figure 10b shall be used for rehabilitation trials during this MOP term. The NTSF has been excised from the Mining 
Lease and as such it’s capping and rehabilitation is no longer the responsibility of CMPL.  A series of rehabilitation 
trial plots w ill be established on the TSF surface and a variety of vegetation trials conducted (refer to Section 8.8.1).  

 

7.2.4 Topsoil Stockpile 

Topsoil Stockpile areas w ill continue to be managed as in the current situation w ith none to be rehabilitated during 
the period of this MOP. 

 

7.2.5 Exploration sites 

All exploration sites w ill be rehabilitated as soon as is practicable after they are no longer required. As outlined in 
the CML5 lease conditions and CMPL Mine Closure and Rehabilitation Plan, all land disturbed w ithin the lease area 
must be rehabilitated to a stable and permanent form so that: 

• There is no adverse environmental effect outside the disturbed area and that the land is properly drained 
and protected from soil erosion;  

• The state of the land is compatible w ith the surrounding land and land use requirements; 

• That if  landforms, soils, hydrology and native vegetation have been removed or damaged, the original 
species must be re-established w ith close reference to the initial baseline survey. If  the original vegetation 
w as not native, any re-established vegetation must be appropriate to the area and at an acceptable density; 

• The land does not pose a threat to public safety.  

 

7.2.6 Rehabilitation Areas 

7.2.6.1 Progressive Rehabilitation 

CMPL actively w orks tow ards progressive rehabilitation over the operational life of the mine by continually identifying 
areas that can be rehabilitated during operations, and by carrying out continual improvement on existing 
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rehabilitation areas. CSA Mine has a small surface operational footprint (177 ha) and until there is a major change 
in operations, large sections of the site are not scheduled to become available for rehabilitation. Progressive 
rehabilitation for CSA Mine involves identifying areas that can be successfully rehabilitated during mining operations  
e.g. the embankment w alls of the TSF and minor extensions to existing rehabilitation areas. Rehabilitation of the 
STSF embankment w alls may be affected by future w all raises and must be considered as trials only. 

The rehabilitation of sections of the mine site as they become available w ill assist in reducing the long-term closure 
liability. Obvious benefits of progressively rehabilitating non-operational areas of the mine include: 

- Reduction of the overall un-rehabilitated ‘footprint’ of the mine; 

- Ability to trial various options and demonstrate rehabilitation outcomes w ell before mine closure; 

- Reduction of closure costs; and 

- Reduction of the ‘security bond’ posted w ith regulatory authorities. 

During the term of this MOP period there w ill be no major changes to surface operations, apart from the upgrade of 
some infrastructure and Ore stockpile. As a result, there are limited opportunities for progressive rehabilitation w hilst 
the mine is still active. To show  a commitment to progressive rehabilitation, CMPL w ill monitor rehabilitation trials 
on non-active sections of the STSF w alls and continue improvements and trials w ithin the current rehabilitation 
areas and identif ied new  areas during this MOP period.  

 

7.2.6.2 Landform Treatment 

As detailed in the CSA Mine Closure and Rehabilitation Plan (2012), the CSA Mine site has been divided into seven 
major areas for rehabilitation. The areas have been defined predominately on past and current usage, and are 
expected to contain similar levels of site contamination. Prior to any rehabilitation activities taking place, further soil 
testing is conducted to better delineate these areas and obtain a precise contamination status for each particular  
area. 

The contamination level and type of each area define the soil amelioration methods required, in terms of physical 
and chemical treatments. A range of options are available depending on the contamination status of the soils: 

- Remove the most contaminated soils to the Southern Tailings Dam and replace w ith better quality topsoil 
(either from on-site clean stockpiled soils or from imported clean soils); 

- Run the most contaminated soils back through the mill to remove metals and neutralise; 

- Apply one of the tested remediation treatments (eg. biosolids, Virotec, lime); or 

- Leave as is if  area does not require any soil remediation. 

 

7.2.6.3 Landform Design 

The rehabilitation areas w ill be shaped and designed to be compatible w ith adjacent land surfaces, and to be stable 
and safe. The f inal landform is show n on Plan 3. Prior to any surface preparation, the site drainage w ill be reinstated 
to as close as the original (pre-mining) drainage as possible. Drainage from the rehabilitation areas w ill be achieved 
by the use of drainage routes at a slope of 2-10 %.  Some areas of steeper slopes w ill occur, for example around 
the TSFs and the old smelter site. 

 

7.2.6.4 Water Management  

Where possible, areas aw aiting rehabilitation and revegetation w ill have runoff re-directed to reduce erosion and 
potential contamination issues. Because it w ill take some time to establish an acceptable vegetation cover that 
effectively retains soil and prevents erosion and movement, it is intended to leave the radially located dams in situ 
until site stability has been achieved and sedimentation halted. When the site has satisf ied the accepted remediation 
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criteria and w ater quality is acceptable, these dams can be removed if the lease authority has no further requirement 
for them. 

 

7.2.6.5 Surface Preparation 

Follow ing surface shaping, rehabilitation areas w ill be ripped along the contour to encourage infiltration and diminish 
compaction. Deep contour ripping w ill not be undertaken on the slopes of the rehabilitated old smelter site, to avoid 
bringing the large bluestone (potentially sulphidic rock from old smelter past operations) back up to the surface. 

The use of topsoil is dependent of the contamination levels in each specif ic rehabilitation area e.g.  Topsoil may not 
be used in non-contaminated areas. Topsoil w ill be used in all areas show ing some level of contamination. Where 
topsoil is used, it is spread at a nominal thickness of 100 mm. Whenever, possible, topsoil w ill be transferred directly 
from stripping to re-spreading operations to reduce the possibility of structural damage and monitor biological activity 
and potential.  

Alternative sources of topsoil supplies, including from offsite, w ill be investigated w hen the accumulated site 
stockpiles are depleted. Green w aste w ill also be used as an alternative grow ing medium, and w ill be sourced from 
local landow ners and Cobar Shire Council (CSC). 

 

7.2.6.6 Soil Amelioration 

Follow ing soil testing results, the appropriate soil ameliorant option w ill be chosen and applied. Examples of 
ameliorants used at CSA Mine include gypsum, lime, biosolids (treated sew age sludges) or Virotec Terra ‘B’, to 
control pH and high electrical conductivity (EC). These materials need to be disced into the topsoil layer. 

The requirement for fertilising w ill be determined by the f inal round of soil tests. It is possible that the soil quality  
w ould not benefit from the chemical input of fertilisers. 

 

7.2.6.7 Revegetation 

The lands at CSA Mine w ill be rehabilitated w ith a combination of unimproved pasture and native forest ecosystems. 
In autumn each year, after there has been a satisfactory rainfall, new  rehabilitation areas w ill be cross ripped or 
scarif ied, and sow n to a mixture of local provenance native grasses, shrubs and trees appropriate to the location.  
This treatment provides niches in w hich seeds can anchor, organic material can collect and rainfall can concentrate. 
Sow ing w ill be postponed in dry years. Although there w ill be very minimal  rehabilitation trials  at CSA during this 
MOP period, ripping and seeding may be carried out on the LMB. 

Vegetative cover w ill be achieved using locally collected seed of native species to ensure local provenance. Sow ing 
is undertaken either using machinery or by hand, depending on access and cost. Tube stock planting w ill also be 
used as a revegetation strategy for areas to be returned to native forest ecosystem. 

Where possible, the species and seed sources w ill be selected to correspond to the grow ing medium and position 
on the rehabilitation landform.  
 
Table 35 provides an indicative list of species that may be used in revegetation activities. CSA have also trialled an 
‘Enviro Blend’ consisting of Weeping Grass, Red Grass and Wallaby Grass.   

Successful treatment trials include the spreading of bales of barley straw  in patches across the rehabilitation areas 
to provide ground cover, and placing vegetative material sourced from onsite clearing to encourage growth 
establishment. A cover crop comprising oats has been used on the TSF embankment to provide a vegetative 
stabiliser across those areas. 
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Table 35 Indicative list of native plant species to be used in revegetation at the CSA Mine 

Common Name Scientific Name 

Bimble Box  Eucalyptus populnea 

Red Box Eucalyptus populnea 

Burr-Daisy Calotis sp. 

Coolibah  Eucalyptus intertexta 

Emu Bush  Eremophila longifolia 

Budda  Eremophila mitchellii 

Turpentine Bush  Eremophila sturtii 

Mulga Acacia aneura 

Miljee  Acacia oswaldii 

Western Golden Wattle  Acacia decora 

Yarran Acacia homalophylla 

Hooked Needlew ood Hakea tephrosperma 

Green Mallee  Eucalyptus viridis 

Red Mallee  Eucalyptus socialis 

Dw yers Mallee  Eucalyptus dwyeri 

Whitew ood  Atalaya hemiglauca 

White Cypress  Callitris glaucophylla 

Green Fushia Bush  Eremophila serrulata 

Belah  Casuarina cristata  

Leopardw ood  Flindersia maculata 

Weeping Pittosporum  Pittosporum phylearoides 

Broad-leaved HopBush Dodonaea viscosa 

Native grasses  

 

Digitaria brownii 

Digitaria coenicola  

Dicanthium sericium 

Themeda australis 

Austrostipa scabra 

Chloris truncata 

Vulpia sp. 
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The indicative sow ing rates per hectare are: 

- 0.5 kg of tree species excluding acacias, 

- 1 kg of acacias, 

- 1 kg of shrub and ground cover species, and 

- 5 kg of native grass seed. 

 

7.2.6.8 Maintenance 

Land management and maintenance activities w ill be undertaken in rehabilitated areas to assist rehabilitation and 
revegetation success. These include the application of fertilisers, the control of feral animals and w eeds, and 
rehabilitation monitoring and reporting.  

Feral animals 

There are a number of species of feral animals w hich are encountered in the Cobar region. Feral goats and rabbits 
are both herbivore pests that are w idespread in the area, therefore posing a threat to vegetation rehabilitation w orks. 
Impacts from these species may also contribute to soil erosion. Rehabilitation w orks w ill therefore include provisions 
for adequately fencing revegetation areas of concern.  

Cobar Management Pty Ltd (CMPL) has employed a contractor for the removal of feral goats from lands ow ned by 
CMPL, including the CSA Mine site. Works w ill include the humane removal of feral goats from these areas w ith 
the objective of controlling goat numbers and assist in the rehabilitation success. 

Weeds 

Appropriate w eed management control measures such as selective spraying and mechanical or hand removal w ill 
be implemented to prevent any potential w eed invasion. 

Fertilisers 

Rehabilitation areas w ill be fertilised as required depending on rainfall, revegetation success and follow  up soil 
monitoring data. The use of fertilisers w ill depend on soil quality as the chemical input from fertilisers may not be 
suitable for the site soils. 

 

7.3 Summary of Rehabilitation Areas during the MOP Term 
The CSA Mine is currently in the operational stage of mining w ith most surface disturbance already taken place. All 
expansion and upgrade w orks that occurred during the previous MOP term w ere w ithin the existing operational 
footprint and did not generate any signif icant additional disturbance. Figure 10 show s all existing rehabilitation areas 
across the CSA Mine site. The change in areas of each domain during the MOP period is summarised in Table 36.   
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7.4 Relinquishment Phase Achieved during MOP Period 
No rehabilitated lands at the CSA Mine site have achieved, or are expected to achieve during the MOP period, the 
relinquishment phase. 

 

Table 36 Summary of proposed rehabilitation during the MOP period 

Domain 

Area Affected / Rehabilitated (ha) 
 

Total Area at 
MOP start Total Area at MOP end 

Infrastructure Area 

Active 43 43 

Decommissioning 

N/A 1 

 

Landform Establishment  

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Complete  

Water Management Area  

Active 4.3 4.3 

Decommissioning 

N/A 

 

Landform Establishment  

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Complete  

Tailings Storage Facility 

Active 872 87 

Decommissioning 

N/A 

 

Landform Establishment  

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Complete  

Topsoil Stockpile 

Active 4.2 4.2 

Decommissioning 
N/A 

 

Landform Establishment  

                                                             
1 Some infrastructure will be removed during the life of the MOP and will be replaced by upgrades - actual areas will not change. 
2STSF wall rehabilitation 
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Domain 

Area Affected / Rehabilitated (ha) 
 

Total Area at 
MOP start Total Area at MOP end 

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Exploration Site 

Active 1.2 10.2 

Decommissioning 

N/A 

 

Landform Establishment  

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Area – Unimproved Pastures 

Decommissioning 

4.5 

 

Landform Establishment 23 

Growth Medium Development 3.64 

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Complete  

Rehabilitation Area – Native Forest Ecosystem  

Decommissioning 

2.2 

05 

Landform Establishment  

Growth Medium Development  

Ecosystem Establishment  

Ecosystem and Landuse Development  

Rehabilitation Complete  

TOTAL MINE LEASE AREA 2474.1  
 

3Landform establishment on LMB rehab area 
4Rehabilitation on LMB and Mill rehab areas 
5These areas will be converted during the life of the mine to the domain Unimproved Pastures 
*The areas of some of these domains overlap; currently the total surface disturbance at CSA Mine is 172 ha including the TSF 
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8.0 Rehabilitation Monitoring, Research and Reporting 

 

8.1 Rehabilitation Monitoring 
In September 2013 NSW Department of Trade & Investment (T & I) released a revised version of the ESG3 MOP 
Mining Operations Plan (MOP) Guidelines w hich detail a new  process for monitoring and managing progression 
tow ards successful rehabilitation outcomes w hich is quantif ied by completion criteria. Successful rehabilitation of a 
mine site is conceptually described in terms of logical steps or phases w hich can be made applicable to each of the 
similar land management units or domains w ithin the mine site. The monitoring procedure as described in the MOP 
guidelines has been broken dow n into f ive rehabilitation phases including: 

1. Decommissioning; 
2. Landform Establishment and Stability; 
3. Grow th medium development; 
4. Ecosystem and Landuse Establishment; and 
5. Ecosystem and Landuse Development. 

Since its inception, the CSA monitoring program has adopted this process of comparing rehabilitation areas against 
reference sites in logical successional phases and has adapted the methodology w ith the various revisions of the 
T & I regulatory guidelines.    

The CSA Mine aims to create stable rehabilitated landforms in areas disturbed by mining. The f inal landforms w ould 
be constructed to be stable in the long-term and integrate w ith the surrounding landscape. The new  landforms w ill 
be revegetated w ith selected species of native and/or endemic vegetation that are both suitable to the physiographic  
and hydrological features of each landform. 

As the current proposed long-term land use is rangeland grazing, local grazing areas situated on the low er slopes 
w hich contain a sparse to moderate cover of endemic trees and shrubs are used as a reference point for 
rehabilitation targets of the current rehabilitation areas. 

 

8.1.1 Timeframes for the Implementation of the Monitoring Program 

CSA currently has an ongoing rehabilitation monitoring program that w ill continue during the term of this MOP. The 
annual rehabilitation monitoring program compares the progress of rehabilitated landforms against a set of 
ecological completion criteria. The program aims to comply and be consistent w ith a range of conditions specif ied 
w ithin approval documents, management systems and associated Management Plans such as CMPL Standards  
and Procedures, Rehabilitation and Environment Management Plan (REMP), CMPL Annual Environmental  
Management Report (AEMR), Mining Operations Plan (MOP), government regulations and best practice guidelines  
(NSW T & I 2010, NSW T & I 2012, 2013). The 2020 rehabilitation monitoring report is attached as Appendix H. 
The rehabilitation areas assessed as part of this program are Tailings dam w all, CSA Mill (Mill) and CSA Over 
Subsidence (OS) (Figure 6). 

Ongoing monitoring is scheduled for each year of this MOP and the data obtained w ill be used to guide future 
rehabilitation strategies. The indicative timeframe for the ongoing rehabilitation monitoring is as follow s: 

2021 

• Implementation of Year 9 of the monitoring program;  

• Monitoring sites for Landscape Function Analysis (LFA) studies to include replicates in the area cleared 
for Invasive Native Species (INS) control in 2014;  
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• Grazed analogue sites previously located outside the boundaries of the CML5 mining lease w ere 
established w ithin the lease boundaries in 2017.  These sites w ill be included in the future LFA/EFA  
monitoring program. 

• LFA at rehabilitation and analogue sites w ill be augmented by the development of an ecological component 
w hich examines vegetation structure, composition, survival and habitat complexity (Ecosystem Function 
Analysis – EFA). Refer to 8.1.2.2 for further detail. 

• Pilot studies in rehabilitation and analogue sites w ill commence in 2021 to assess the potential for the use 
of bio-indicators in evaluating the progress of rehabilitation at CSA. For the purposes of this MOP a bio-
indicator represents the follow ing: 

o dominant vertebrate group that provides much of the biomass or number of individuals in an area; 

o vertebrate group that indicates particular environmental conditions such as vegetation cover and 
complexity, and certain soil or rock types; 

o indicator group w hich reflects the effects of a disturbance regime or the eff icacy of efforts to 
mitigate disturbance effects.  

• Reptiles have been chosen as potential  indicators of rehabilitation development due to the follow ing 
characteristics (Thompson et al. 2007 – Appendix L): 

o a complex and diverse community structure based on dietary requirements, activity period, 
habitat requirements and predatory strategies;  

o high species richness in w estern NSW; 

o are easily sampled and identif ied; 

o largely have defined activity areas; 

o generally have relatively long life spans enabling recolonization in disturbed areas; and 

o range of body sizes. 

• Baseline biodiversity studies w ill be developed in rehabilitation and analogue areas as part of the 
progressive rehabilitation monitoring program. These w ill incorporate the results of the bio-indicator trials.  
 

• During 2011, CSA Mine commissioned a variety of vegetation trials on the STSF tailings surface w hich 
continued to be maintained and monitored until the trials w ere disturbed at the end of 2013 by upgrades 
to the STSF.  Prior to this disruption, the tailing trials show ed promising results.  Follow ing the Stage 9  A 
and B STSF w all raise in 2018 and 2019,  similar trial plots w ill be established on the STSF and 
rehabilitation trials conducted during this MOP term. Potential location for the tailings trials are show n on 
Figure 10b. 
 

2022 

• Implementation of Year 10 of the LFA monitoring program; 

• Data from Year 9 used for comparison w ith Year 10 data;  

• Continuation of LFA at rehabilitation and analogue sites augmented by an ecological component w hich 
examines vegetation structure, composition, survival and habitat complexity (Ecosystem Function Analysis 
– EFA); 

• Continuation of bio-indicator studies; 

• Continuation of studies for baseline biodiversity monitoring; and  
 

• The feasibility of using ex-situ trial tailings dam designs over highly contaminated soil w ill be investigated 
during the term of this MOP. The conceptual design of such trials may comprise a combination of w aste 
rock, geotechnical fabric and/or clay capping, follow ed by the placement of healthy topsoil. The use of 
w oody debris may also be considered. 
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• Exploration of the ecological traits of Invasive Native Species (INS) including species of Acacia, Senna,  
Dodoneae, Eucalyptus and Calotis for targeted use as tube and seed stock. 

 

 

8.1.2 Methodology 

The rehabilitation monitoring program w ill be based on the performance indicators outlined in Section 6.1 to Section 
6.5 and w ill utilise methodologies that provide quantitative data to assess changes occurring over time.  

The current monitoring program compares the progress of rehabilitated landforms tow ards fulf illing long-term 
landuse objectives by comparing a range of ecological performance indicators and resultant completion criteria 
against areas of remnant vegetation not impacted by mining activities (analogue sites). These analogue sites are 
now  located w ithin CSA’s mining lease and are representative of the desired f inal landuse, landscape and 
vegetation assemblage for rehabilitated areas. Data from the analogue sites w ill be used to establish target values 
for key biophysical parameters and indicators related to vegetation diversity/structure and habitat complexity.  

The adopted monitoring methodology is a standard procedure that can be replicated over any vegetation community  
or rehabilitation area and allow s comparison w ith similar communities. The methodology w ill use a combination of:  

- Landscape Function Analysis (Tongw ay and Hindley 1997); 

- Ecosystem Function Analysis (Tongw ay and Hindley 2004; Randall 2006);  

- Visual Assessment of revegetated areas; 

- Soil Analyses; 

- Potential Carrying Capacity; and 

- Weeds and Vertebrate Pest Species monitoring. 

 

8.1.2.1 Landscape Function Analysis 

Landscape Function Analysis (LFA) is a methodology used to assess key indicators of ecosystem function including 
landscape organisation and soil surface condition as measure of how  w ell the landscape retains and uses vital 
resources. The indicators used quantify the utilisation of the vital landscape resources of w ater, topsoil, organic  
matter and perennial vegetation in space and time.  

LFA methodology collects data at tw o “nested” spatial scales. 

- At coarse scale, landscape organisation is characterised. Patches and interpatches, indicators of resource 
regulation, are mapped at the 0.5 to 100 m scale from a gradient-oriented transect (making sense of landscape 
heterogeneity); and  

- At f ine scale, soil surface assessment (soil “quality”) examines the status of surface processes at about the 1-
m scale, w ith rapidly assessed indicators on the patches and interpatches identif ied at coarse scale. 

 

8.1.2.2 Ecological Assessment of Revegetated Areas 

A monitoring technique w ill be developed and implemented that provides an assessment of various landscape 
contributors and provides quantitative data that measure changes in: 

- vegetation structure, composition, survival and habitat complexity (Ecosystem Function Analysis – EFA);  

- Presence of exotic w eeds and feral animal species; and 

- Disturbance factors. 

Permanent transects and photo-points w ill be established to record changes in these attributes over time. 
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8.1.2.3 Soil Analyses 

Soil sampling is done as part of the LFA and rehabilitation monitoring assessment. Soil samples are undertaken 
using standard soil sampling techniques w ith a core sampler w ithin the monitoring quadrat. Soil samples are to be 
sent to  an accredited laboratory for analysis. Soil analyses consist of assessing the follow ing parameters: pH, 
sodicity, Electrical Conductivity, Electrochemical Stability Index, plant available nutrients, cation balance, soil 
organic matter content and soil texture. To assist in the interpretation of the data a report w ith analysis and 
appropriate recommendation is to be provided by the laboratory. 

 

8.1.2.4 Potential Carrying Capacity 

The assessment of pasture productivity w ill be undertaken utilising a range of pasture samples collected randomly  
along each transect follow ing industry technique guidelines. An analysis of each sample is to be undertaken at an 
accredited laboratory to determine the quality of feed available.  

Utilising this data, carrying capacity calculations w ill be undertaken for each pasture transect. Approximate minimum 
area per breeding unit w ill be determined for ‘Weaner’ and ‘Dry Stock’ production using the industry guidelines . 
Calculations using information from each transect e.g., typical fertiliser use and available phosphorus, w ould also 
be review ed based on the analysis results together w ith Dry Stock Equivalent (DSE) reference tables. The 
information gained w ill be used to forecast the future carrying capacity and potential stocking rates for the site. 
Additionally, the information w ould be used to underpin cattle land and cattle management procedures.  

 

8.1.2.5 Weeds and Vertebrate Pests Monitoring 

Weeds 

Annual w eed inspections are undertaken in cooperation w ith the Cobar Shire Council (CSC) Weeds Officer.  An 
integral part of a w eed control program is to determine if the control methods being implemented are effectively 
reducing the population size and density of target w eeds.  Any treated areas w ill be inspected and mapped using 
GPS and GIS to monitor treatment success and determine if follow -up treatment is required.  Monitoring inspections  
take the form of vehicle-based surveys to detect the presence of w eed infestations.  The distribution and density of 
identif ied w eed infestations are evaluated w ith particular reference to areas w here previous w eed control w orks 
may have been implemented.  

Locations w here w eed control has been implemented are inspected for several w eeks subsequent to treatment to 
determine w hether there is a need for further w ork. Regular site inspections are conducted every six months to 
determine if treated areas are being recolonised by the same or another w eed species, and w hether additional 
control efforts are required.  

Opportunistic sightings of w eed species by mine staff are reported to environmental staff to ensure prompt and 
effective w eed management.   

Vertebrate Pests 

Vertebrate pest monitoring is undertaken across the site on an annual basis using the follow ing techniques: 

- Monitoring inspections – fresh diggings, w arrens, scats in areas w here rabbits and/or goats have been 
previously recorded; 

- Mine staff feedback on visual sightings and/or damage caused by pest animal species e.g. w arrens, diggings 
and animal sightings; 

- Information gained from previous control program; and 

- Remote sensing cameras w hich may be placed in areas of know n pest animal activity. Data collected w ill also 
provide information on numbers and usage of the area by non-pest species. 
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8.2 Research and Rehabilitation Trials and Use of Analogue Sites 
8.2.1 Research and Rehabilitation Trials 

CMPL w ill continue to research, trial and monitor the availability of rehabilitation options. All research programs and 
f ield trials are planned to extend over several years to establish, monitor and modify treatment parameters to track 
the progress of rehabilitated landforms tow ards fulf illing long-term landuse objectives. 

 

8.2.1.1 Soil Remediation Trials 

Many of the ecological targets associated w ith structural complexity, ground cover abundance and f loristic diversity 
targets are not yet achieved in the TSF, Over-subsidence (OS) and Mill rehabilitation areas. This is due in part to 
the relative immaturity of the rehabilitation areas and exacerbated by intense grazing by feral goats. Previous trials 
on the OS indicated goats w ere having a signif icant impact on rehabilitation success. Grazing by goats has now  
been addressed on the OS via the construction of an exclusion fence in June 2017. How ever, adverse soil chemistry  
and resultant instability is inf luencing plant grow th in the sites.  

In 2016, the CSA rehabilitation sites w ere characterised by moderate to extreme saline soils. The soils w ere 
moderately alkaline around the TSF, w hile in the OS they w ere strongly acidic. How ever, all three rehabilitation 
areas had low  Exchangeable Sodium Percentage (ESP) indicating the soils are non sodic. Sulphur concentrations  
w ere signif icantly high in the TSF and OS sites, and there w ere moderately high levels of selenium and signif icantly  
high concentrations of lead at the Mill site. It should be noted that elements such as magnesium, potassium, and 
chromium w ere also elevated in the grazed analogue sites and these levels may be a reflection of the historic mining 
associated w ith the sites.  

Depending on bioavailability, high concentrations of calcium, sulphur, zinc, copper and lead in the rehabilitation 
areas may present adverse conditions for plant establishment and grow th.  Previous trials indicated that soil 
contaminants leached upw ard via capillary processes and further studies w ill evaluate the influence of the capillary  
process on plant establishment and grow th, to determine w hether capping trials are indicated.  These trials w ould 
probably comprise the use of NAF w aste rock and geotextile fabric or clay capping, follow ed by the placement of 
‘healthy topsoil’ as the grow th medium.  

 

8.2.1.2 Tailings Dam Rehabilitation Trials 

Rehabilitation of the STSF is an ongoing process w hich operates in accordance w ith STSF structural w orks i.e. dam 
w all construction /maintenance and extension of existing structures.  By using this style of rehabilitation, CSA is 
able to reduce rehabilitation costs and ensure a higher success rate for overall TSF rehabilitation.  

During 2011 CSA Mine commissioned a variety of vegetation trials on the STSF tailings and TSF eastern w all w hich 
continued to be maintained and monitored until the tailings trials w ere disturbed at the end of 2013 by upgrades to 
the STSF.  Four cover treatments w ere selected for the trials on four separate plots. The treatments w ere selected 
on their ability to provide a potential grow ing medium and their availability on site as a resource for large scale 
rehabilitation. These included: 

- Control (no cover treatment); 

- Clean topsoil placed on the tailings surface; 

- Compacted w aste rock placed on the tailings surface; and 

- Virotec Terra B Reagent placed on the tailings surface. 
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Figure 11 Potential locations for the South Tailings Storage Facility tailing trials 
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Vegetation species for the trials w ere selected based on their ability to achieve closure criteria as set out in the 
STSF Rehabilitation and Closure Plan (2010). These criteria are used to assess the effectiveness of the cover 
treatments. Trials species included: native trees and shrubs (tube stock planting), native pasture seed mix and 
summer annuals (selected to act as a cover crop and provide favourable conditions for the establishment of 
perennial species.  The tailing trials w ill be recommenced during this MOP term and the potential locations for the 
trials are show n on Figures 11 and 10b. 

The treatment structure of the trials w ill most likely follow  that of the interrupted tailing trials conducted from 2011 
to 2013. The 2011-2013 trial plots comprised one control site w ith no cover treatment, one site ripped and covered 
in w aste rock and green w aste, and a third site w as ripped and covered in bedrock and green w aste. The monitoring 
regime w ill be intensive until the trial plots stabilise, after w hich the plots w ill be monitored monthly/quarterly. 

 

8.2.2 Use of Analogue Sites 

The rehabilitation monitoring program compares the progress of rehabilitated landforms tow ards fulf illing long-term 
landuse objectives by comparing a range of ecological performance indicators and resultant completion criteria 
against areas of remnant vegetation not impacted by mining activities (analogue or reference sites). These analogue 
sites are representative of the desired f inal landuse, landscape and vegetation assemblage, and serve to provide a 
goal or target for rehabilitation.  

The data collected from analogue sites can be used to establish target values for key biophysical parameters and 
indicators related to vegetation diversity/structure and habitat complexity, and provide data on the long-term goal 
for the rehabilitation areas. 

Analogue sites are a core component of the rehabilitation monitoring program at the CSA Mine and are monitored 
annually and at the same time as the rehabilitation areas. Grazed analogue sites previously located outside the 
boundaries of the CML5 mining lease w ere established w ithin the lease boundaries in 2017.  These sites has been 
included all LFA/EFA monitoring program. 

  

8.3 Reporting 
The follow ing reporting w ill be undertaken in keeping w ith the managing and reporting of any incidents, complaints , 
non-compliances w ith statutory requirements and exceedance of the impact assessment criteria and/or  
performance criteria: 

- Amendments to the Environmental Management System w hich incorporates components of the monitoring 
and reporting program; 

- Incident reporting mechanism;  

- EPA Annual Return; 

- Annual Environmental Management Report; and 

- Access to information via the project w ebsite w hich is updated regularly (at least every three months). 

In addition, all mine operators are required to report an incident or make notif ications to the relevant state 
departments on a range of environmental matters.  The monitoring, review  and implementation of this MOP w ill be 
the responsibility of the Manager Health, Safety, Environment and Training, w ith support from the Environmental 
Services team. 
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9.0 Intervention and Adaptive Management 

9.1 Trigger Action Response Plan 
The follow ing Trigger Action Response Plan (TARP) identif ies the proposed contingencies strategies in the event 
of unexpected variations or impacts to rehabilitation outcomes. A risk-based approach has been used to assess the 
potential consequences and mitigation measures in terms of the Consequence Category – Environment. 

The key risks associated w ith site rehabilitation have been assessed using the maximum reasonable consequence 
ratings, likelihood ratings, risk matrix and classif ications (Environmental Risk Identif ication Matrix) presented in 
Section 3.1. 

Table 37 outlines the key identif ied risks and associated risk ratings. Table 38 lists the proposed mitigation 
measures and Table 39 lists the rehabilitation and land management risks and responses. 

The ratings assume that the risks are untreated i.e. have not been addressed by specif ic risk mitigation measures  
other than routine design and operational practice.  

 

Table 37 Key risks associated w ith site rehabilitation and land management 

Risk 
Risk 

Rating 
Consequence 

Rating 
Risk 

Classification 
Earthquake leading to failure and instability of TSF 
embankments. D 4 14 (M) 

Surface subsidence from underground collapse. E 2 3 (L) 

Remobilisation of metals in site soils. C 3 13 (M) 

Release of contaminated w aters off site. D 2 5 (L) 

Inadequate or insuff icient topsoil to create/enhance the desired 
ecological communities. C 3 13 (M) 

Wind and w ater erosion. C 2 8  (M) 

Inadequate w eed and vertebrate pest animal control leading to 
w idespread failure of revegetation ecosystems. C 3 13 (M) 

Insuff icient or inadequate (incorrect species mix/quality) 
seed/seedlings for rehabilitation areas. Poor vegetation 
establishment success. 

C 2 8 (M) 

Insect attack diseases etc. C 3 13 (M) 

Lack of follow  up maintenance. C 3 13 (M) 

Inappropriate bushfire regime leading to w idespread failure of 
revegetation ecosystems. C 3 13 (M) 

Major storm event resulting in f looding, geotechnical instability, 
major erosion and/or w idespread damage to rehabilitated areas. D 3 9 (M) 

Severe and/or prolonged drought leading to w idespread failure 
of revegetation. B 3 17 (H) 

Changing climate leading to failure of rehabilitation, failure of 
environmental management controls and/or inability to attain 
completion criteria. 

C 2 8 (M) 

Post mining landuse does not build capacity for the local 
community. C 3 13 (M) 

New  regulatory requirements or evolving community 
expectations leading to diff iculties negotiating or attaining 
completion criteria. 

C 3 13 (M) 
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Table 38 Proposed mitigation measures to reduce key risks 

Risk Proposed Mitigation Measure 

Earthquake leading to failure and 
instability of TSF embankments. 

Cobar is located in an area of relatively low  seismicity.  A Seismic 
Activity Response Trigger Action Plan (TARP) has been developed to 
provide an operational response w hen a signif icant seismic event has 
occurred.   

Design of constructed slopes and w alls to w ithstand maximum credible 
earthquake loading. 

The dam w alls w ill be inspected at closure and periodically thereafter 
and if necessary repaired or the grade of the batter low ered. 

Surface subsidence from 
underground collapse. 

Ongoing backfilling of underground stopes using best methods and 
practices available. 

Prohibit public access to areas of subsidence. 

Remobilisation of metals in site soils. Ongoing geochemical characterisation of mined materials and STSF 
w alls to accurately predict risk factors and develop management 
measures w here required. 

Ongoing monitoring of soils during operations to validate predictions. 

Continued research and rehabilitation trials for soil remediation and 
tailing dam rehabilitation, and utilise the f indings to implement best 
rehabilitation practices w here soil metals are locked and pH is raised. 

Release of contaminated w aters off 
site including groundw ater. 

An annual dam break assessment is conducted for the STSF w hich 
encompasses a review  of potential and credible failures and a 
qualitative risk assessment for the credible failure modes including 
identif ication of preventative and mitigating risk controls. 

Ongoing geochemical characterisation of mined materials and STSF 
w alls to accurately predict risk factors and develop management 
measures w here required. 

Ongoing monitoring of runoff and seepage w aters during operations to 
validate predictions. 

Ongoing Piezometer and embankment monitoring points for 
embankment stability. 

Ongoing Daily and Weekly Visual Inspects of the TSF for runoff and 
seepage w aters during operations. 

Ongoing Spigot rotation w here needed to manage the Beach surface 
w ater and deposition stage.  

Monthly monitoring of groundw ater around STSF. 

Inadequate or insuff icient topsoil to 
create/enhance the desired 
ecological communities. 

Delineation of topsoil resources during the mine planning process. 

Topsoil segregation during the stripping, storage and return phases of 
mining.  

Where possible, native topsoil w ill be spread directly onto rehabilitated 
areas. 

Review  the physical, chemical and biological parameters of topsoil and 
subsoil material prior to stockpiling and again before application.  

Discard/bury inappropriate soils. 
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Risk Proposed Mitigation Measure 

Utilisation of appropriate soil ameliorants in accordance w ith grow th 
media parameters. 

Outsourcing of topsoil resources w here required. 

Wind and w ater erosion. Stabilise the substrate and increase organic matter by using sterile 
cover crops and applying mulch e.g. seed bearing native pasture hay in 
alternating row s. Sow  w ith perennial ground cover species appropriate 
to the f inal landuse. 

Engineering solutions to erosion control may be implemented such as 
earthw orks e.g. drain stabilisation or cut-off bands or the laying of 
geotextile materials. 

Inadequate w eed and vertebrate 
pest animal control leading to 
w idespread failure of revegetation 
ecosystems. 

Careful use of w eed free topsoil and/or topsoil management. 

Weed control undertaken in accordance w ith the requirements of the 
Noxious Weeds Act 1993. 

Weed species density and distribution regularly monitored and 
recorded using GIS.  Pest animal species distribution and presence of 
damage monitored and recorded using GIS. 

Weed and pest animal control undertaken by competent operators w ith 
all w orks defined by site specif ic Pest Species and Weed Management 
Plans. 

Insuff icient or inadequate (incorrect 
species mix/quality) seed/seedlings 
for rehabilitation areas. Poor 
vegetation establishment success. 

Undertake pre-clearance surveys and establish analogue (reference) 
sites in non-disturbed areas to establish baseline data for rehabilitation 
monitoring requirements and performance criteria targets. 

Species mix used in enhancement or rehabilitation programs to be 
aligned to the f loristic structure of the plant community of the site. 
Where possible, use only local provenance native species associated 
w ith the target vegetation communities. 

Comprehensive seed collection program undertaken to ensure 
adequate resources of seed are available during the life of the project. 

Collect seed preferentially from local or regional populations w ith 
similar environmental characteristics.  More distant populations can be 
used provided that an analysis of their habitat show s that 
environmental conditions match to a reasonable degree. 

Establish and/or maintain native seed production areas that w ill provide 
an ongoing source of native seed required for the rehabilitation areas 
and to reduce pressure on extant populations. 

Assessment of seed/seedling resources based on research programs 
being implemented on site. 

Insect attack and plant diseases Aim to encourage diversity w ithin the vegetation community and 
undertake regular monitoring. Encourage spiders, insects, frogs, lizards 
and insectivorous bird colonisation by providing suitable habitat and 
food resources such as nesting boxes, logs, rocks, w etland areas etc. 

Lack of follow  up maintenance. Undertake regular monitoring and implement action strategy w hen 
required. 

Inappropriate bushfire regime 
leading to w idespread failure of 
revegetation ecosystems. 

Selection of f ire-tolerant species for revegetation and adoption of 
standard f ire prevention measures. 
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Risk Proposed Mitigation Measure 

Major storm event resulting in 
f looding, geotechnical instability, 
major erosion and/or w idespread 
damage to rehabilitated areas. 

Design f inal landforms, structures and revegetation to cope w ith major 
storm events. 

Severe and/or prolonged drought 
leading to w idespread failure of 
revegetation. 

Selection of drought-tolerant species for revegetation. 

Selection of species aligned to desired vegetation community. 

Changing climate leading to failure 
of rehabilitation, failure of 
environmental management controls 
and/or inability to attain completion 
criteria. 

Use of compost materials and mulches to increase organic carbon 
levels and improve soil structure to increase infiltration and w ater 
holding capacity. Assess climate change risks and implement 
adaptation measures w here required. 

Post mining landuse does not build 
capacity for the local community. 

Land usage options are assessed in consultation w ith identif ied 
stakeholders in terms of optimal economic and social return. 

Baseline data is collected for key social and economic indicators for 
proposed post mining landuse – number of employees / community 
assistance programs / community partnerships / donations and 
sponsorships. 

New  regulatory requirements or 
evolving community expectations 
leading to diff iculties negotiating or 
attaining completion criteria. 

Monitor trends and developments in legislation and changes to 
community expectations. 

Consult w ith stakeholders to gain acceptance of completion criteria. 
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Table 39 Rehabilitation and land management risks and responses 

Risk Response Actions 

Earthquake leading to failure and 
instability of TSF embankments. 

• Implement the TSF emergency response plan  
• Clean up any spill material  
• Repair damage to the TSF  

Remobilisation of metals in site soils. • Yearly contaminate testing w ithin rehabilitation areas 

• Treatment/ remediation of soil as required  

Inadequate or insuff icient topsoil to 
create/enhance the desired 
ecological communities. 

• Investigate additional topsoil sources i.e. Local Council  

• Investigate other options i.e. seeding 

Wind and w ater erosion. • Inspections after all rainfall events greater than 25mm 

• Yearly review  of drainage system and sediment control 
devices 

• Application of green w aste/hay ground cover to minimise 
erosion 

Inadequate w eed and vertebrate 
pest animal control leading to 
w idespread failure of revegetation 
ecosystems. 

• Exclusion fencing of rehabilitation areas 

• Progressive upgrade of site perimeter fencing 

Lack of follow  up maintenance. • Implement a quarterly inspection schedule for rehabilitation 
areas 

• Identif ication of deficiencies to completion criteria as outlined 
in the LFA reporting 

Inappropriate bushfire regime 
leading to w idespread failure of 
revegetation ecosystems. 

• Inspection to assess severity and impacts to rehabilitation 

• Application of green w aste/hay ground cover to minimise 
erosion 

• Replacement seeding if needed 

Major storm event resulting in 
f looding, geotechnical instability, 
major erosion and/or w idespread 
damage to rehabilitated areas. 

• Inspection after signif icant rainfall  

• Assess the design of drainage structures to determine long 
term capability  

• Carry out earthw orks to repair and/or alter the drainage 
structures  

• Assess grow th medium status  

• Application of green w aste/hay ground cover to minimise 
erosion 

• Replacement seeding if needed 

Severe and/or prolonged drought 
leading to w idespread failure of 
revegetation. 

• Application of groundcover controls to reduce soil loss as per 
LFA report – green w aste and hay 

• Preference of seeding rather than tube planting so seeds can 
establish in favourable conditions. 
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10.0 Review and Implementation of the MOP 

10.1 Review of the MOP 
Review s are conducted to assess the effectiveness of the procedures against the objectives of MOP. The MOP 
may be review ed and if necessary revised due to: 

- Any modif ication to the Mining Lease (CML5), Environment Protection Licence (EPL1864) and Development 
Consent  conditions (No. 31:95); 

- Deficiencies being identif ied; 

- Results from the Monitoring and Review  Program; 

- Recommendations resulting from the Monitoring and Review  Program; 

- Changing environmental requirements; 

- Improvements in know ledge or technology become available; 

- Change in legislation; 

- Change in the activities or operations associated w ith the CSA Mine operation; 

- Research and trials producing data w hich can be used to establish, modify and monitor the rehabilitated area; 
and 

- Where a risk assessment identif ies the requirement to alter the MOP. 

Any major amendments to this MOP w hich affect the fundamentals of the plan w ill be undertaken in consultation 
w ith the appropriate regulatory authorities. Minor amendments to this MOP may be made w ith version control on 
the CMPL w ebsite. 
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10.2 Implementation 
Table 40 defines personnel w ho are responsible for the monitoring, review  and implementation of this MOP. 

Table 40 Responsibilities for Implementation of the MOP 

Title Responsibility 

General Manager - Implement the procedures referenced in this MOP. 

- Undertake training in relevant Management Plans and procedures as required. 

- Provide resources required and support to implement these procedures. 

- Allow  for forw ard planning to prepare and bulk shape areas. 

Health, Safety, 
Environment & 
Training Manager 

- Coordinate the relevant Management Plans. 

- Implement, monitor and review  the programs and procedures linked to this MOP. 

- Consult w ith regulatory authorities as required. 

- Provide measures for continual improvement to this MOP and procedures. 

- Ensure all personnel undertaking w orks in relation to this MOP are trained and 
competent. 

 

Environmental 
Advisor 

- Prepare and coordinate the relevant Management Plans. 

- Undertake monitoring as required. 

- Undertake maintenance as required. 

- Report progress of any rehabilitation and monitoring of biodiversity in the AEMR. 
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11.0 Acronyms 
AEMR Annual Environmental Management Report 

AMD Acid Mine Drainage 

ANFO Ammonium Nitrate Fuel Oil 

ANZECC Australian and New  Zealand Conservation Council 

Ag Silver 

Au Gold 

CHF Cemented Hydraulic Fill 

CMA Catchment Management Authority 

CML Consolidated Mining Lease 

CMPL Cobar Management Pty Ltd 

CSA Mine Cornish, Scottish and Australian Mine 

Cu Copper 

CSC Cobar Shire Council 

DA Development Application 

DECCW NSW Department of Climate Change and Water 

DP&I NSW Department of Planning & Infrastructure 

DRE NSW Department of Trade and Investment – Division of Resources 
and Energy 

DSC NSW Dam Safety Committee 

DTIRIS NSW Department of Trade and Investment, Regional Infrastructure 
and Services 

EEC Endangered Ecological Community 

EL Exploration Lease 

EMP Environmental Management Plan 

EMS Environmental Management System 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 

EPL Environmental Protection License 

GIS Geographical Information System 

GPS Global Positioning System 

GSM Golden Shamrock Mines Pty Ltd 

Ha Hectare 

kg Kilogram 

km Kilometre 

kv Kilovolt 

LEP Local Environmental Plan 

LFA Landscape Function Analysis 

LOM Life Of Mine 
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m Metre 

m3 Cubic metre 

mm Millimetre  

ML Megalitre 

MOP Mining Operations Plan 

MPL Mining Purposes Lease 

MPa Megapascal 

MSDS Material Safety Data Sheet 

Mtpa Million tonnes per annum 

MW Megaw atts 

NATA National Association of Testing Authorities, Australia. 

NEPM EILs National Environmental Protection Measure for Site Investigations – 
Ecological Investigation Levels 

NoW NSW Office of Water 

NPI National Pollutant Inventory 

NSW New  South Wales 

NTSF North Tailings Storage Facility 

OEH NSW Office of Environment and Heritage 

PAF Potentially Acid Forming 

Pb Lead 

RAP Rangeland Assessment Program 

REMP Rehabilitation and Environmental Management Plan 

RL Relative Level 

SAG Semi-Autogenous Grinding 

SEE Statement of Environmental Effects 

STSF South Tailings Storage Facility 

t Tonne 

TARP Trigger Action Response Plan 

tph Tonnes per hour 

TSC Act Threatened Species Conservation Act 1995 

TSF Tailings Storage Facility 

WB Wet bulb 

w mt Wet Metric Tonnes 

Zn Zinc 
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13.0 Plans 
The Rehabilitation Plans are at the core of the MOP. These plans assist to describe the full rehabilitation and 
closure process of the mine site. The plans include: 

- Plan 1a show s the location of the project in a state w ide context;  

- Plan 1b show s the natural and built environment, including landuse prior to the commencement of 
current operations and lease boundary; 

- Plan 2 show s an overview  of the site and mining features at the end of the MOP period; and 

- Plan 3 show s the proposed post mining land use and landform at the completion of operations. 
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Plan 1a Project Locality 
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  Plan 1b Lease Overview 
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Plan 2 Site Overview 
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Plan 3 Final Rehabilitation and Final Landuse 
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Executive summary 
 
The CSA Mine is an underground copper mine located 9km north of Cobar in Central Western NSW owned and 
operated by Cobar Management Pty Ltd (CMPL), a wholly owned Australian subsidiary of Glencore International. 
There are several areas of the mining lease that are being rehabilitated that are now subject to an annual 
rehabilitation monitoring program. 
 
The rehabilitation monitoring program first commenced in 2011 and has been undertaken by DnA Environmental 
on behalf of CMPL. The objectives of the monitoring program are to: 

• Evaluate the progress of rehabilitation sites towards fulfilling long-term land use objectives and 
completion criteria by comparing a selection of ecological targets against unmined areas of remnant 
vegetation (reference sites) that are representative of the final land use and vegetation assemblage; 

• Identify positive recovery trends or indications of rehabilitation failure; and 

• Provide recommendations to improve the rehabilitation outcomes. 
 
The monitoring program is compliant and consistent with a range of conditions specified within approval 
documents, management systems and associated Management Plans such as Mining Operations Plan (MOP) 
and government regulations and best practice guidelines, including various revisions of the ESG3 MOP 
guidelines. The results of the monitoring program have been broken down into the relevant rehabilitation phases 
as described in the ESG3 MOP guideline and include: 

• Landform establishment and stability; 

• Growth medium development; 

• Ecosystem and land use establishment; and 

• Ecosystem and land use sustainability. 
 
Reference sites have been used as a benchmark for the final rehabilitated landscape and provide a time series 
record of ecosystem change and development. Data obtained from local woodlands (i.e. reference sites) are used 
to provide upper and lower ecological performance indicator ranges. The range values of each performance 
indicator are adapted annually to reflect seasonal conditions and disturbance events; therefore the performance 
indicator targets are dynamic over time.  
 
The final land use objective for the CSA mine site is rangeland grazing (unimproved pastures) with landforms that 
integrate with the surrounding landscape and revegetated with selected species of endemic vegetation suitable 
to the physiographic and hydrological features of the landforms. Three reference sites situated in local woodlands 
have been established and monitored annually to provide a benchmark for rehabilitation outcomes. In previous 
monitoring years, three reference sites of the grazed woodlands were established as part of a cooperative 
monitoring effort between the three local mines (CSA, PGM and Endeavor). In 2017, CSA established three new 
reference sites on the CSA ML that would better suit their final land use and more specifically the local climatic 
and historical disturbances. The three woodland reference sites were located in areas unlikely to be disturbed or 
impacted on by future mining activities. 
 
Rehabilitation monitoring sites have been established at the CSA Mill (Mill 2), Over Subsidence area (OS) and 
the lowest batter of the Tailings Storage Facility (TSF) and these have been monitored on an annual basis since 
2011. Monitoring has also been undertaken on Little Mount Brown and in some smaller rehabilitation trial areas 
in previous years. 
 
In 2015 the CSA Mine began a Property Vegetation Plan (PVP) to improve floristic diversity by reducing the 
impacts of Invasive Native Scrub (INS). The PVP plan for “Red Tank” was created and approved by Local Land 
Services and involved the selective clearing of ~40 ha of INS species on CSA land in 2015. The aim was to create 
minimal ground disturbance whilst retaining non-INS species. The plan also aims at preserving biodiversity by 

http://www.glencore.com/


 2020 CSA Mine Rehabilitation Monitoring Report 

 

Prepared by DnA Environmental  February 2021  iv 

ensuring that patches of large trees, drainage lines etc. are retained. In 2017, three monitoring sites were 
established in PVP cleared areas to assess the outcomes of the PVP clearing project. 
 
The monitoring methodology has been consistent with that used in previous monitoring years and has included a 
combination of Landscape Function Analyses (LFA), accredited soil analyses and an assessment of ecosystem 
diversity and habitat values using an adaptation of methodologies derived from the Biometric Assessment 
Methodology. A subset of ecological performance indicators, i.e. Primary Performance Indicators have been 
proposed as CSA completion criteria. Rehabilitation monitoring has been undertaken during August – September 
by Dr Donna Johnston and Mr Andrew Johnston (DnA Environmental) in all monitoring years and this year was 
undertaken during 14 – 15th September. 
 
Summary of results 
 
The long-term average annual rainfall recorded at Cobar is 391mm, however since 2011 when monitoring at CSA 
first commenced, there have been extreme seasonal conditions and high variability in annual rainfall. Annual 
rainfall has been well below average in years 2011, 2013, 2014 and for three consecutive years during 2017 - 
2019, with these being the worst drought years on record. In 2010 and 2016, however there was above average 
annual rainfall of 710mm and 581mm which caused widespread flooding. The most recent drought was broken 
in April 2020 with above average monthly rainfall being recorded where there was a total of 383mm recorded up 
until end of September, compared to the expected long-term mean of 288mm for the same period. 
 
The extreme seasonal conditions experienced over the past nine years have had a significant impact on the 
composition and diversity of the vegetation communities at CSA. Prolonged dry conditions tend to result in 
increased grazing pressure by macropods and goats with the outcomes being reflected within the range of 
monitoring data. This year, above average rainfall has resulted in a flush of annual plant growth over significant 
parts of the landscape. 
 
The three reference sites were open woodlands and contained a sparse cover of live ground cover plants but 
there was typically a good cover of dead leaf litter derived from fallen tree and shrub leaves or dead ground cover 
plants. There were scattered shrubs often with patches of leaf litter accumulating around them. There were some 
bare compacted areas however these were usually covered with an abundance of cryptogams which provided 
relatively stable patch areas. During 2017 to 2019, the prolonged dry conditions resulted in continued shrub 
mortality and deterioration of the ground cover, litter and cryptogrammic layers in Ref 01 and Ref 03 with there 
being a significant reduction in functional patch area in these sites, while Landscape Organisation (LO) was 
maintained in Ref 02 last year. This year improved seasonal conditions resulted in a flush of plant growth, 
increasing the functional patch areas and LOs ranged from 66 – 100% this year. 
 
In the Mill 2 rehabilitation site, the depressions created by deep ripping previously created high surface roughness, 
thus increasing the capacity of the site to capture and retain mobilised materials whilst also creating niches for 
plant germination and establishment. In 2015, straw mulch, Proganics and seed of native trees, shrubs and 
grasses were applied to the site and the area was irrigated with effluent water, and there was a sparse scattering 
of ground cover plants. In 2016 there was a significant transformation as a result of above average rainfall, with 
ground covers and scattered tree and shrubs seedlings establishing across the area. During 2017 to 2019 most 
ground covers had died and prolonged dry conditions resulted in some seedling mortality and deterioration in the 
litter layers. Despite the improved seasonal conditions this year, there continued to be a declining trend in seedling 
densities and in functional patch area with an LO of 42%. 
 
At the TSF site, the most functional patch area was created by the piles of brush material (logs and branches), 
however these were distributed in patches and it appears that the upper half of the batter had been top dressed 
with an application of good topsoil, while the lower section did not. Therefore, in areas which were unprotected 
by the green shrub materials, especially in the lower section of the batter, there tended to be little to no vegetative 
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cover, with the interpatch areas continuing to be subjected to erosion. Small pockets of ground cover plants were 
able to establish within the protection of the log piles, however intense grazing by goats and adverse soil 
conditions continue to limit the capacity of the vegetation to become well established across the site. In 2016, 
annual ground covers were more abundant due to good seasonal conditions however, there continue to be bare 
areas subject to erosion where good topsoil had been applied. During 2017 to 2019, most ground covers had 
died, however this year there was an increase in plant cover with LO increasing to 65% this year. 
 
In the OS rehabilitation site, there was a decline in functional patch area in 2015 due to the loss of integrity of the 
“troughs and banks” combined with the collapse and downward displacement of the log piles due to active erosion 
of the underlying soils. While small pockets of ground cover plants were able to establish within the protection of 
the large log piles, intense grazing by goats and adverse soil chemistry continues to limit the capacity of the 
vegetation to become well established across the site. Although there was an increase in abundance of annual 
ground covers in 2016, dry conditions and continued grazing resulted in a marginal decline in patch area in 2017. 
In 2018, there was increased perennial cover provided by the low branches of establishing shrubs and there was 
an increase in litter/small twigs and increased sediment patches resulting in a slightly higher LO of 49%. In 2019 
there was no change in the functional patch area however, there was a deterioration of the plant/litter patches 
and LO declined to 31% this year. 
 
At the PVP sites, functional patch areas were limited to developing and weak pockets of dead annual plants or 
depressions created by the clearing process. Since 2017, there was a decline in these patch areas, with no patch 
area being recorded at all in PVP1 or PVP2 last year, and only 4% was recorded in PVP3. This year patch area 
continued to be very low in all three sites and ranged from 0 - 14%.  
 
At Mill 2 there continued to be a decline in juvenile tree and shrub seedling densities due to mortality caused by 
the drought however there was a density and diversity of shrubs and juvenile trees comparable to the local 
woodlands. The persisting shrubs and juvenile trees had grown significantly grown, with four E. intertexta saplings 
in moderate health being recorded in the tree population data (> 5cm dbh) this year. Many seedlings were 
however showing signs of toxicity, due to excessive levels of salts and heavy metals.  
 
At the TSF site, there was previously an increasing trend in shrub density, however significant mortality had 
occurred in 2018 as a result of drought and overgrazing. Despite the ongoing drought, a minor increase in seedling 
densities was recorded in 2019 and 2020. Most seedlings are probably the result of natural colonisation from 
adjacent remnant vegetation and/or having germinated from the stripped topsoil with these having a density and 
diversity of shrubs and juvenile trees comparable to the local woodlands. 
 
In OS, there was an adequate diversity of shrub species however they were in low densities, and there was an 
absence of trees and mature shrubs. At the PVP sites, there were slightly more shrubs than were recorded last 
year with these having germinated from the soil seed bank after clearing. In the PVP sites, the diversity and 
density of shrubs was too low in all three sites this year compared to the woodland reference sites. 
 
Although total ground cover was low in all sites, the relatively recent rainfall stimulated a flush of germination and 
active growth of a variety of annual and perennial plants resulting in a significant increase in floristic diversity in 
all monitoring sites. Subsequently there continued to be an adequate diversity of native species in the three 
rehabilitation sites, however when compared to the reference sites there were slightly too many exotic species in 
Mill 2 and TSF this year. In the PVP sites, native species diversity remained low, especially in PVP2. 
 
The data indicate that no ground cover species was particularly abundant in Mill 2 this year. In TSF the exotic 
annual Medicago laciniata (Cut-leaf Medic) and the native grass Austrostipa scabra subsp. scabra (Rough 
Speargrass) were abundant ground covers this year and so was the native herb Daucus glochidiatus (Australian 
Carrot) and the exotic perennial Salvia verbenaca (Wild Sage). In OS a Geijera parviflora (Wilga) sapling provided 
the most cover, while Erodium crinitum (Blue Storksbill) was the most abundant ground cover in all three PVP 
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sites but overall cover scores were low. In the reference sites, a range of annual wildflowers were relatively 
abundant, however Medicago laciniata was also quite abundant in Ref 02 and Ref 03 this year. 
 
The most functional woodland monitoring site continued to be Ref 02, as it contained a mature overstorey, 
scattered shrubs and perennial ground covers and had well developed litter layer around the trees and shrubs or 
stable cryptogam cover and scored a total of 139, out of a possible score of 300. This year ecological function in 
TSF had significantly improved and with a score of 123 and was ecologically more functional than Ref 03 and Ref 
01, which had scores of 118 and 106 respectively. There was not a lot of difference between the remaining 
rehabilitation sites which had low ecological function sites in comparison to the reference sites, with scores 
ranging from a high of 98 in Mill 2 to a low of 82 in PVP1. 
 
The results of the soils tests indicated that the soil pH was outside acceptable ranges in TSF which was 
moderately alkaline and in OS they were very, very strongly acidic. The soils were highly saline in Mill 2 and OS, 
and all three rehabilitation areas contained high levels of salts and heavy metal contaminants. The concentrations 
of salts and heavy metals in the rehabilitation sites far exceeded any recorded in the reference sites, suggesting 
elevated levels of contaminants are directly implicated with historic and/or current mining practices. There were 
also particularly high levels of several contaminants in PVP1 and PVP2 despite their lack of direct mining activity, 
suggesting these sites have been subjected to wind born dust from the operational mining areas. 
 
The table below presents the performance of the rehabilitation and PVP monitoring sites against the primary 
ecological performance indicators this year. Primary performance targets or completion criteria targets are 
considered to be met when they fall within the specified target ranges and these have been represented by a 
coloured box. A striped coloured box indicates that the soil characteristics may not necessarily be similar to the 
local soils but fall within acceptable agricultural industry guidelines. 
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Performance of the rehabilitation and PVP monitoring sites in 2020. 

Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion criteria 
Performance 

Indicators 

Unit of 
measurement 

(desirable) 
Mill 2 TSF OS PVP1 PVP2 PVP3 

Performance indicators are quantified by the range of values obtained from replicated reference sites 
in 2020 

2020  

Phase 2: 
Landform 
establishment 
and stability 

Landform slope, 
gradient 

Landform suitable for 
final land use and 
generally compatible 
with surrounding 
topography 

Slope Degrees (<14°) 2 10 7 1 0 0 

Active erosion Areas of active 
erosion are limited Cross-sectional 

area of rills 
m2 0 0 0 0 0 0 

Phase 3: Growth 
medium 
development 

Soil chemical, 
physical 
properties and 
amelioration 

Soil properties are 
suitable for the 
establishment and 
maintenance of 
selected vegetation 
species 

pH pH (5.6-7.3) 6.8 8.3 3.8 5.3 5.1 5.6 

Organic Matter % (>4.5) 2.9 1.9 2.1 3.2 2.0 1.9 

Phosphorous mg/kg (50) 123.3 8.2 16.6 14.1 18.0 12.5 

Phase 4: 
Ecosystem & 
Land Use 
Establishment 

Landscape 
Function Analysis 
(LFA): Landform 
stability and 
organisation 

Landform is stable 
and performing as it 
was designed to do LFA Stability % 52.3 59.7 52.7 50.2 49.5 52.8 

LFA Landscape 
organisation  

% 42 65 31 14 0 14 

Vegetation 
diversity 

Vegetation contains a 
diversity of species 
comparable to that of 
the local remnant 
vegetation 

Diversity of 
shrubs and 

juvenile trees  

species/area 15 13 9 6 1 5 

% population 100 100 100 100 100 100 

Exotic species 
richness 

<No./area 12 12 7 2 1 2 

Vegetation 
density 

Vegetation contains a 
density of species 
comparable to that of 
the local remnant 
vegetation 

Density of shrubs 
and juvenile trees 

No./area 254 282 53 62 10 78 

Ecosystem 
composition 

The vegetation is 
comprised by a range 
of growth forms 
comparable to that of 
the local remnant 
vegetation 

Trees No./area 2 2 1 1 1 1 

Shrubs No./area 13 11 8 7 1 5 

Herbs No./area 17 32 32 21 13 19 

Grass No./area 8 3 3 3 1 2 

Phase 5: 
Ecosystem & 
Land Use 
Sustainability 

Landscape 
Function Analysis 
(LFA): Landform 
function and 
ecological 
performance 

Landform is 
ecologically functional 
and performing as it 
was designed to do LFA Infiltration % 24.8 33.4 18.3 18.2 18.9 20.8 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion criteria 
Performance 

Indicators 

Unit of 
measurement 

(desirable) 
Mill 2 TSF OS PVP1 PVP2 PVP3 

LFA Nutrient 
recycling 

% 20.8 29.5 17 13.6 17.2 20.1 

Protective ground 
cover 

Ground layer contains 
protective ground 
cover and habitat 
structure comparable 
with the local remnant 
vegetation 

Perennial plant 
cover (< 0.5m) 

% 19 7 7 4 0 6.5 

Total Ground 
Cover 

% 44 66 65.5 36.5 28.5 35 

Native ground 
cover abundance 

Native ground cover 
abundance is 
comparable to that of 
the local remnant 
vegetation 

Percent ground 
cover provided 

by native 
vegetation <0.5m 

tall 

% 100 47.2 100 94.6 87.1 94.4 

Ecosystem 
growth and 
natural 
recruitment 

The vegetation is 
maturing and/or 
natural recruitment is 
occurring at rates 
similar to those of the 
local remnant 
vegetation 

shrubs and 
juvenile trees      

0 - 0.5m in height 
No./area 86 99 39 45 2 16 

shrubs and 
juvenile trees 
>2m in height 

No./area 14 1 2 0 0 0 

Ecosystem 
structure 

The vegetation is 
developing vertical 
structure and 
complexity 
comparable to that of 
the local remnant 
vegetation 

Foliage cover         
0.5 - 2 m 

% cover 2 10 7 3 0 5 

Tree diversity Vegetation contains a 
diversity of maturing 
tree and shrubs 
species comparable to 
that of the local 
remnant vegetation 

Tree diversity % 100 0 0 0 0 0 

Tree density Vegetation contains a 
density of maturing 
tree and shrubs 
species comparable to 
that of the local 
remnant vegetation 

Tree density No./area 4 0 0 0 0 0 

Ecosystem health The vegetation is in a 
condition comparable 
to that of the local 
remnant vegetation. 

Live trees % population 100 0 0 0 0 0 

Healthy trees % population 0 0 0 0 0 0 

Flowers/fruit: 
Trees 

% population 0 0 0 0 0 0 

 
Conclusion 
 
Presently the rehabilitation sites have low total ground cover and there is a lack of or low abundance of 
cryptogams which may be linked to the relative structural instability, as the results of the soil analyses continue 
to indicate adverse soil chemistry and high levels of salts and heavy metals. The levels of contaminants have also 
increased in the PVP areas probably as a result of wind-borne dust, suggesting improved dust suppression 
management is required. At Mill 2, the area has very high levels of salts and heavy metal contaminants as it  
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continues to be subjected to run-off from the processing mill and is unlikely to improve in the short-term without 
significant intervention. 
 
The OS rehabilitation site requires additional amelioration via methods such as capping and/or placement of 
healthy topsoil. Previous trials at CSA indicated that soil contaminants are capable of leaching upward via capillary 
processes and requires intervention. This may include the capping of the contaminated soils with NAF waste rock, 
use of geotechnical fabric and/or clay capping followed by the placement of ‘healthy topsoil’. Trials and liaison 
with other local mines or geotechnical experts to determine outcomes of any similar trials or treatments is 
recommended. Complete removal of unsuitable surface material and its replacement with more suitable topsoil 
material may also be a viable option in some areas where this is possible. 
 
Testing of waste rock materials and topsoils prior to application on rehabilitation areas should also be undertaken 
to ensure suitable substrates are used prior to spreading onto rehabilitation areas. The TSF sites and areas on 
the lower batters of the wider OS area appear to be establishing well with large pockets of cryptogams becoming 
established thus indicating suitable soil conditions and these are stable and appear to be developing well. There 
were also scattered shrub seedlings voluntarily establishing across the site, however soil contamination may be 
an ongoing issue which will require monitoring. The addition of Large Woody Debris (LWD) and brush matting is 
encouraged it need not be in such high densities such as those on OS. 
 
Many of the targets associated with structural complexity and ground cover composition were also not met and 
these are related to low tree and shrub densities and low levels of perennial ground covers. While these are in 
part due of the relatively young age of the rehabilitation areas, these attributes could be improved via the 
implementation of a seeding program after suitable substrate management has been achieved, which should aim 
to provide species which will mimic the reference sites once they have become established. While many 
rehabilitation areas have been naturally regenerating, rehabilitation outcomes could be improved by applying a 
selection of local native tree, shrub, herb and grass seed and a seed collection program should be considered.  
 
The long-term success of the woodland rehabilitation and its ability to meet completion targets will largely depend 
on the capacity of the native perennial plants to drive the ecological function and integrity of the rehabilitated sites. 
The establishment of native perennial plants in rehabilitation sites should therefore be a primary rehabilitation 
objective. Due to clearing and over grazing, many native colonising species have become established in 
uncharacteristically high densities in the Cobar rangelands and are referred to as Invasive Native Species (INS). 
However, habitat traits of INS could be used to accelerate the development of woodland rehabilitation 
communities, providing the sites remain free from ongoing disturbances. Site stabilisation and recovery may be 
fast tracked by applying high seeding densities of short-lived colonising species such acacia, senna and 
dodonaea combined with lower seeding densities of long-lived eucalypt and callitris species.  
 
Other later successional species such as native perennial grasses and ground covers should also be included, 
however many are likely to establish voluntarily from the soil seed bank and/or other natural dispersal 
mechanisms. Colonising species will naturally decline from the community once the site has reached a particular 
successional stage; however it is crucial the areas remain free from ongoing disturbances such as unmanaged 
grazing, therefore exclusion fencing is required. Additional ecological targets and conservation objectives can be 
achieved by introducing missing structural components, such as tree hollows for nesting sites in order to satisfy 
completion criteria targets where required. 
 
The PVP program aimed to improve floristic diversity by reducing the impacts of Invasive Native Scrub (INS). The 
program aimed to create minimal ground disturbance, whilst retaining non-INS species. The plan also aimed to 
preserve biodiversity by ensuring that patches of large trees, drainage lines etc. are retained. Intensive monitoring 
of the PVP sites over the past four years has indicated that extensive disturbance of the remnant woodland via 
direct clearing has occurred, thus significantly reducing the structural complexity and diversity of the local 
woodland vegetation.  The large-scale clearing has not only removed colonising shrubs but also mature habitat 
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trees, ground cover plants and a range of organic material, which are vital in creating protective microclimates, 
buffering against extremes in temperatures and providing germination niches. In addition, the clearing process 
has also resulted in the reduction in the cover abundance and diversity of ground cover plants and subsequently 
has resulted in a net loss of biodiversity and ecological function.  
 
The loss of plants and organic materials has led to the development of particularly hard and compacted soils 
which have a limited ability to support plant establishment of desirable grass species, particularly when there is a 
lack of extant populations from which seeding material is required. The disturbance created has only encouraged 
a new generation of INS species, with scattered Eremophila and Senna species already establishing across the 
disturbed areas and continued overgrazing and disturbances created by feral animals will limit the potential for 
herbaceous ground covers to establish. 
 
The soils in the PVP sites continue to be extremely hard and compacted (amongst the hardest soils we have ever 
encountered), and while cryptogams had begun to establish in pockets however these were also being impacted 
on by animal tracks and overgrazing and few were recorded this year. While three years of drought has probably 
decreased the recovery rates of these cleared areas, they remain exposed to unmanaged grazing especially by 
feral goats. The impacts of grazing on the recovery of PVP cleared areas could be quantified via the establishment 
of grazing exclusion fences (~50x 20m) in PVP cleared areas.  
 
Fencing which aims to exclude grazing by feral goats from all sensitive rehabilitation areas, in conjunction with 
controlling the goat populations in the local area should continue to be a high management priority.  
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1 Introduction: 2020 CSA Rehabilitation monitoring report 
 
The CSA Mine is an underground copper mine located 9km north of Cobar in Central Western NSW owned and 
operated by Cobar Management Pty Ltd, a wholly owned Australian subsidiary of Glencore International. Mining 
has occurred intermittently on the CSA leases since the discovery of copper, lead and zinc in 1871.  The mine 
continued to operate until 1997, when the operation ran into financial difficulties and was placed in receivership. 
The mine was placed on care and maintenance in January 1998. CMPL committed to reopening the mine in 
February 1999 with underground and processing operations commencing in July 1999.  Currently the CSA Mine 
focuses on mining copper, with a silver co-product. The CSA Mine produces approximately 50,000 tonnes of 
copper concentrate per annum (https://www.glencore.com.au/operations-and-projects/csa-mine, accessed 
16/2/2021). 
 
The Cobar area has been impacted by mining and agricultural activities since the 1800’s. The existing landscape 
surrounding the CSA Mine is characterised by mining infrastructure, tailings dams, shafts and disturbed 
grasslands / rangelands and topsoils stockpiles. The native vegetation of the area has been impacted by these 
activities, with the historic removal of much of the native vegetation and heavy grazing pressure within the region 
surrounding CMPL being dominated by rangeland agriculture. An overview of the existing site and the key 
drainage lines, together with information on the existing mine workings is provided on Figure 1-1. 
 

1.1 Environmental context 

 
The CSA Mine is situated within the Cobar Peneplain Bioregion, which extends from just south of Bourke to north 
of Griffith. The Cobar bioregion generally consists of an undulating land system with low ridges, drainage lines 
and residual higher peaks (Walker 1991). The CSA Mine occurs in an area of low undulating NNW trending rises 
and is associated with a broad, prominent hill, “Elouera Hill”, which rises approximately 30m above the 
surrounding landscape. It lies close to the local drainage divide between the catchments of Sandy Creek in the 
southwest and Yanda Creek to the northeast (Walker 1991). 
 
The native vegetation in the Cobar district has been modified by clearing and overgrazing, resulting in erosion 
and extensive colonisation of the native vegetation.  This has created dense regrowth stands, often referred to as 
“woody weeds” or Invasive Native Species (INS). Continuous grazing by domestic livestock and feral goats has 
depleted many of the more desirable ground cover species and other palatable plants. Hard hoofed animals have 
also caused significant soil compaction and often the only ground cover is provided by the significant colonisation 
of cryptogams.  As a result, the landscape has become highly modified and vulnerable to wind and water erosion, 
particularly in areas devoid of ground cover protection. There has also been a long mining history in the area 
which has left a legacy of old mining practices and issues associated with it.  
 

http://www.glencore.com/
https://www.glencore.com.au/operations-and-projects/csa-mine
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Figure 1-1. CSA Copper Mine 
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2 CSA Rehabilitation requirements 
 
This is a report of work carried out by DnA Environmental on behalf of Cobar Management Pty Ltd (CMPL) CSA 
Mine Cobar, NSW. The primary objective of this project was to establish an annual rehabilitation monitoring 
program which compares the progress of rehabilitated landforms against a set of ecological completion criteria. 
The monitoring program aims to comply and be consistent with a range of conditions specified within approval 
documents, management systems and associated Management Plans such as CMPL Standards and 
Procedures, REMP (AECOM 2011), CMPL Annual Environmental Management Report (AEMR), Mining 
Operations Plan (MOP) and government regulations and best practice guidelines (NSW I&I 2010, NSW T&I 2012, 
2013). 
 
In 2011, a Rehabilitation and Environmental Management Plan (REMP) was developed to address mine closure, 
closure criteria and performance measures and indices for rehabilitated areas at the CSA Mine (AECOM 2011). 
Presently CMPL have been preparing a revised MOP which includes and replaces the REMP and defines how 
CMPL are going to meet the range of closure criteria and provides performance measures and indicators against 
which these closure criteria are to be assessed. These closure criteria, performance measures and indicators are 
provided as a guide to aid the direction of rehabilitation.  
 
This report describes the annual rehabilitation monitoring program established at CSA and aims to provide 
quantified ecological data from the local undisturbed rangelands (reference sites) as a benchmark for 
rehabilitation outcomes to assist with the compliance process. The full process associated with establishing the 
completion criteria relevant to rehabilitated native ecosystems can be found in “Rehabilitation monitoring 
methodology & Determination of completion criteria for rehabilitated native ecosystems” (DnA Environmental 
2011a). 
 

2.1 Rehabilitation principles and objectives 

 
The CSA Mining Lease conditions require land disturbed by mining activities to be rehabilitated to a stable and 
permanent form, which is compatible with the surrounding landscape and suitable for future land use 
requirements. In the following sections, rehabilitation refers to areas that are undergoing works to improve the 
landform, biodiversity and ecosystem function of disturbed areas at the CSA Mine. Rehabilitation work usually 
involves bulk earthworks such as reshaping and contouring, removal of contamination, soil remediation, seeding, 
and provision of groundcover/ erosion control. Maintenance refers to ongoing works to preserve previously 
rehabilitated areas such as weeding, additional seeding, ongoing soil remediation and the provision of 
groundcover (CMPL 2015).  
 
The CSA Mine aims to create stable rehabilitated landforms in areas disturbed by mining. The final landforms 
would be constructed to be stable in the long-term and integrate with the surrounding landscape. The new 
landforms will be revegetated with selected species of native and/or endemic vegetation that are both suitable to 
the physiographic and hydrological features of each landform. 
 
The total area of the CML5 Mining Lease is 2,474 ha, with approximately 314 ha of this subject to disturbance 
associated with the CSA Mine surface operations. Of the 314 ha site disturbance area, 143 ha is excised from 
the lease leaving approximately 172 ha of land requiring rehabilitation by the CSA Mine prior to mine closure. The 
currently operating STSF accounts for approximately 87 ha of disturbance (CMPL 2019). 
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2.2 Final land uses at CSA 

  
The landforms requiring rehabilitation at CSA are shown in Figure 2-1 and these will primarily be woodlands 
destined for grazing but other landuse options have also been proposed (AECOM 2011). The final vegetation 
communities are in line with the topography and vegetation communities as described by Walker (1991) with 
lower slopes and very low ridges, with some areas such as the Tailings Dam to contain areas similar to the 
residual hills, ridge crests and upper slopes.  
 

The primary areas requiring rehabilitation at the CSA Mine include: 

• CSA Mill; 

• CSA Tailings Storage Facility (TSF); and 

• Infrastructure areas 

 
While Little Mount Brown/Over subsidence areas have been partially rehabilitated, they are situated in part of an 
excised area and are not required to be rehabilitated by CSA (Kuranchie, pers. Com.) 

2.2.1 Current rehabilitation areas 
 
The Little Mount Brown (LMB), CSA Mill and CSA Over subsidence (OS) areas are currently being rehabilitated 
with a final landuse of grazed woodlands. The sites will be similar to those occurring in surrounding woodlands 
that have been undisturbed by mining but have been subjected to grazing. These woodlands are characteristics 
of those occurring in the lower slopes as described by Walker (1991). In 2014 additional rehabilitation works were 
being undertaken on LMB, therefore the original monitoring quadrat no longer existed. 
 

2.2.2 Tailings Dam 
 
The tailings dam will be rehabilitated towards the end of the mine life when it is no longer used for tailings 
deposition. It will be revegetated using a combination of ridge and lower slope vegetation communities. In 2011, 
the lowest batter was revegetated using similar techniques as the other current rehabilitation areas and since 
2014 has also been compared to a final grazing landuse. 
  

2.3 2014 Rehabilitation Planning  

 
Following the 2013 AEMR review, the Department of Resources and Energy (DRE) requested the CSA Mine 
implement a 5-year rehabilitation plan for the mine site. In February 2014, external consultants Onsite 
Environmental Management undertook an assessment on the success of historical rehabilitation at the CSA Mine 
to identify the causes of past failures and constraints and provide recommendations for future rehabilitation works 
(CMPL 2015). 
  
The assessment provided some simple recommendations that have guided ongoing rehabilitation efforts at CSA 
Mine.  The general process for rehabilitation can be broken down into the following steps, which are ranked in 
importance:  

1.  Remove or treat contaminants, i.e. excavate highly contaminated material and treat moderate to low 
contamination with lime or other soil additives;  

2. Apply organic matter to soils that have low infiltration and high erosion potential;  
3. Add structure to bare areas, i.e. add green waste, wood chips rock etc., preferably from local sources;  
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4. Reduce the impacts of feral grazing and human disturbance, i.e. fence.  
5. Once analytical testing demonstrates that soil properties are not detrimental to plant establishment, seed 

with endemic drought tolerant species;  
6. If possible, provide water during the seed establishment phase.  

 
Steps 1 to 5 were carried out in the LMB, STSF and OS rehabilitation areas, while the steps 1 to 6 were undertaken 
within the Mill rehabilitation area (CMPL AEMR 2015). 
 

2.4 PVP Clearing sites 

 
CSA Mine began its Property Vegetation Plan (PVP) project in 2015 (CSA 2015). The PVP covers Red Tank 
which is the property that part of CML5 overlays. The purpose of the project is to improve floristic diversity, by 
reducing the impacts of Invasive Native Scrub (INS).  INS is defined by NSW Local Land Services (LLS) as a 
phenomenon that occurs when (CMPL 2015): 

• A plant species invades vegetation communities where it has not been known to occur previously, or 
that regenerates densely following natural or artificial disturbance; 

• The invasion and/or dense regeneration of the species results in change of structure and/or 
composition of the vegetation community; and 

• The species is within its natural geographic range or distribution.  
 
For the Central Western Bioregion prior to the introduction of grazing animals the natural plant distribution was 
predominantly grass with scattered stands of eucalyptus. As grazing has impacted on soil health and the 
establishment of grass, the dominant species have shifted to woody unpalatable species such as Eremophila 
longifolia (Emu Bush), Dodonaea viscosa subsp. spatulata (Broadleaf Hopbush), Eremophila mitchellii (Budda, 
False Sandalwood), Senna form taxon 'filifolia' (Punty Bush), Senna form taxon 'artemisioides' (Silver Cassia), 
Acacia aneura (Mulga) and Geijera parviflora (Wilga). 
 
The PVP plan for Red Tank was created and approved by Local Land Services and involved the selective clearing 
of ~40 ha of INS species. The aim should be to create minimal ground disturbance, whilst retaining non-INS 
species. The plan also aims at preserving biodiversity by ensuring that patches of large trees, drainage lines etc. 
are retained. 
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Figure 2-1. Rehabilitation areas at the CSA Mine (CMPL 2015).  
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2.5 Reference sites 

 
The current proposed long-term land use is rangeland grazing and therefore local woodlands situated on the 
lower slopes which contained a sparse to moderate cover of endemic trees and shrubs were used a point of 
reference for rehabilitation targets of the current rehabilitation areas.  
 
In previous monitoring years, three reference sites of the grazed woodlands on slopes were established as part 
of a cooperative monitoring effort between the three local mines (PGM, CSA and Endeavor). In 2016, we 
recommended that each of the three Cobar mines (PGM, CSA and Endeavor) establish their own set of reference 
sites that would better suit their final land use and more specifically local climatic and historical disturbances.  
 
In 2017 three new woodland reference sites were established within undisturbed areas of CMPL owned lands, in 
an attempt to measure natural variations across the landscape. The sites were located in areas unlikely to be 
disturbed or impacted on by future mining activities and were situated near main access tracks or roads. 
 
All remnant vegetation and subsequent reference sites have been subjected to some form of disturbance, in 
particular clearing, over grazing, erosion and “woody weed invasion”.  The historical disturbance associated with 
mining and agriculture is evident across significant areas of the Cobar shire and the grazed reference sites were 
considered to be in a highly degraded state. However, they are considered typical of the grazing woodlands within 
the local area but were not dense areas of INS regrowth.  
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3 ESG3 MOP Guidelines 
 
In NSW, mining operations must be carried out in accordance with a Mining Operations Plan (MOP) that has been 
approved by the NSW by the NSW Planning and Environment (formerly Trade and Investment - Division of 
Resources and Energy) i.e. the Department. The Mining Operations Plan (MOP) is a tool used by the Department 
to monitor the progress of mining and rehabilitation activities across the life of a mine (NSW T&I 2013). The MOP 
is intended to fulfil the function of both a rehabilitation plan and a mine closure plan. It should document the long-
term mine closure principles and outcomes whilst outlining the proposed rehabilitation activities during the MOP 
term (NSW T&I 2013).  
 
ESG3: Mining Operations Plan (MOP) Guidelines, September 2013 (ESG3) details a process for monitoring and 
managing progression towards successful rehabilitation outcomes (NSW T&I 2013). The Guideline requires 
industry to identify and provide measurable data and demonstrate that proposed rehabilitation outcomes are 
achievable and realistic within a given timeframe. The requirement for more targeted information strengthens the 
capacity of the Department to regulate rehabilitation and environmental performance and more accurately 
determine rehabilitation security liabilities (NSW T&I 2013). 
 

3.1.1 Rehabilitation phases 
 
Successful rehabilitation of a mine site can be conceptually described in terms of logical steps or phases and 
these should be made applicable to each of the similar land management units or domains. It is likely that most 
domains will require a different rehabilitation methodology to achieve the intended post-mining land use (NSW 
T&I 2013). Rehabilitation Phases where the post mining land use is a native plant ecosystem according to the 
new MOP guidelines include: 

1. Decommissioning; 
2. Landform Establishment; 
3. Growth Medium Development; 
4. Ecosystem and Land Use Establishment; 
5. Ecosystem and Land Use Sustainability; and 
6. Relinquished Lands. 

 

3.1.2 Performance Indicators 
 
To satisfy regulatory conditions, performance measures, indicators and associated performance/completion 
criteria that are appropriate to the location and relevant to the stated rehabilitation goals and objectives must be 
presented for each land management unit or domain (NSW T&I 2013).  
 
Completion criteria are objective target levels or values that can be measured to quantitatively demonstrate the 
progress and ultimate success of a biophysical process. These are the standards that are to be met by successful 
rehabilitation (NSW T&I 2013). They will generally be in the form of a numerical value that can be verified by 
measurement of the indicators selected for the rehabilitation objectives. 
 
As part of the rehabilitation monitoring program at CSA, some performance indicators relevant to the rehabilitation 
of native ecosystems have been identified in Table 3-1 and these directly relate to primary ecosystem components 
identified by Nichols (2005). These performance indicators have been grouped to align with natural ecosystem 
succession and primary rehabilitation phases as described in new MOP guidelines (NSW T&I 2013).  
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The application of the ecological performance data during the Decommissioning phase (Phase 1) are not 
considered applicable within the presentation of the ecological data obtained within the CSA rehabilitation 
monitoring program. Subsequently the ecological performance criteria which are consolidated into Key 
Performance Indicator (KPI) tables are only represented within Rehabilitation Phases 2 (Landform establishment) 
to Phase 5 (Ecosystem and Land Use Sustainability).  
 
Table 3-1. Performance indicators relevant to the rehabilitation of native ecosystems 

Rehabilitation Phase Performance Indicator 

Phase 1: Decommissioning No applicable ecological data obtained 

Phase 2: Landform Establishment and 
Stability 
  

Landform slope/gradient 

Active erosion 

Phase 3: Growth medium development Soil chemical/physical properties 

Phase 4: Ecosystem and Landuse 
Establishment 
  

Landform stability and organisation 

Vegetation diversity 

Vegetation density 

Ecosystem composition 

Phase 5: Ecosystem and Land Use 
Sustainability 
  
  

Landform function and ecological performance 

Protective ground cover 

Ground cover diversity 

Native ground cover abundance 

Ecosystem growth and natural recruitment 

Tree diversity 

Floristic diversity 

Ecosystem health 

 

3.1.3 Reference sites 
 
Analogue or reference sites are effective in establishing completion criteria against which rehabilitation progress 
can be measured, assuming that the reference sites are themselves sustainable. Data from reference sites 
provide suitable target values of key biophysical parameters, vegetation structures and diversity, and habitat 
complexity. It provides the ability to monitor both success against true values of an existing ecosystem and the 
effects of climatic variations and disturbance events (such as fire, flooding etc.). The reference site can be used 
as the target outcome of the final rehabilitated landscape and a time series record of ecosystem change or 
development can be obtained. By comparing data with reference sites, it is possible to see if the rehabilitation (or 
disturbed site) is developing adequately. All completion criteria at a given site should be within critical threshold 
values if ecosystem rehabilitation is to be judged successful (NSW T&I 2013). 
 

3.1.4 Completion criteria and key performance indicators 
 
At CSA, a range of Key Performance Indicators (KPI’s) have been determined and are quantified by data obtained 
from replicated reference sites which are representative of the agreed final land use i.e. native woodland. All 
ecological performance indicators are quantified by range values measured annually from these reference sites 
which form upper and lower KPI targets. The same ecological performance indicators are measured in the 
rehabilitation sites and these should equal or exceed these values or demonstrate an increasing trend.  
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These Key Performance Indicators are then further separated into “Primary performance indicators” and 
“Secondary performance indicators”. Primary performance indicators are those chosen as essential completion 
criteria targets and have been identified as those that will satisfy requirements specifically identified within the 
MOP, and in particular the final land use and any relevant conditions of consent relating to vegetation type, specific 
use of species and condition for example.  
 
Secondary performance indicators are those that would be desirable to achieve but will not necessarily have an 
influence on relinquishment requirements. They are however essential components and will assist in identifying 
possible shortfalls or potential rehabilitation failure. Therefore, please note that not all ecological performance 
indicators are set as primary completion criteria targets. 
 
 

  



 2020 CSA Mine Rehabilitation Monitoring Report 

 

Prepared by DnA Environmental  February 2021  11 

4 Rehabilitation monitoring methodology 
 

Rehabilitation monitoring has been undertaken by Dr Donna Johnston and Mr Andrew Johnston (DnA 
Environmental) during August – September each year and this year monitoring was undertaken 14 – 15th 
September. 
 

4.1 The monitoring quadrats 

 
The monitoring methodology adopted is a standard and simple procedure that can be easily replicated over any 
vegetation community or revegetation area. The 20 x 50m plot is positioned such that the base line forms the 
basis for the LFA transect which must face down slope. The vegetation monitoring usually occurs along the 50m 
transect situated at the 10m interval that runs perpendicular to the 20m LFA transect, however in some situations 
the same transect may be used. Four marker pegs are used to establish a permanent transect position. GPS 
readings are taken to ensure quadrats can be relocated over time. Permanent photo-points are also established 
at various marker pegs of the quadrat to record changes in these attributes over time. The layout of the monitoring 
quadrats and information recorded for structural complexity and diversity is detailed in DnA Environmental 
(2011a). 
 
To obtain the range of ecological data which quantifies the completion criteria targets the monitoring program 
incorporates a combination of Landscape Function Analyses (CSIRO Tongway & Hindley 1996), accredited soil 
analyses and various measurements of ecosystem diversity and habitat values based on and adapted from the  
Biobanking/Biometric methodologies (e.g. Gibbons 2002, Gibbons et al 2008a, 2008b) and Biometric Manual 3.1 
(DECCW 2011). These have been described in more detail below. 
 

4.2 Landscape Function Analyses 

 
Landscape Function Analyses (LFA) is a methodology used to assess key indicators of ecosystem function 
including landscape organisation and soil surface condition as measure of how well the landscape retains and 
uses vital resources. It was developed by CSIRO scientists Tongway and Hindley (Tongway 1994, Tongway and 
Hindley 1995, 1996, 2003, 2004). The indicators used quantify the utilisation of the vital landscape resources of 
water, topsoil, organic matter and perennial vegetation in space and time. Detailed information on LFA can be 
readily obtained on the internet using the following link: 
https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Pr
ocedures_for_Monitoring_and_Assessing_Landscapes_-
_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-
Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-
and-Rangelands.pdf  A brief description is provided below. 

The LFA methodology collects data at two “nested” spatial scales. 
 
 1. At coarse scale, landscape organisation is characterised. Patches and interpatches, indicators of resource 

regulation, are mapped at the 0.5 to 100 m scale from a gradient-oriented transect (making sense of 
landscape heterogeneity); and  

2. At fine scale, soil surface assessment (soil “quality”) examines the status of surface processes at about the 
1-m scale, with rapidly assessed indicators on the patches and interpatches identified at coarse scale. 

 

https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Procedures_for_Monitoring_and_Assessing_Landscapes_-_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-and-Rangelands.pdf
https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Procedures_for_Monitoring_and_Assessing_Landscapes_-_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-and-Rangelands.pdf
https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Procedures_for_Monitoring_and_Assessing_Landscapes_-_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-and-Rangelands.pdf
https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Procedures_for_Monitoring_and_Assessing_Landscapes_-_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-and-Rangelands.pdf
https://www.researchgate.net/profile/David_Tongway/publication/238748160_Landscape_Function_Analysis_Procedures_for_Monitoring_and_Assessing_Landscapes_-_with_Special_Reference_to_Minesites_and_Rangelands/links/0deec52c915ae0139e000000/Landscape-Function-Analysis-Procedures-for-Monitoring-and-Assessing-Landscapes-with-Special-Reference-to-Minesites-and-Rangelands.pdf
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At each scale, parameters are calculated that reflect several aspects of landscape function. In the first stage, we 
identify and record the patches and interpatches along a line oriented directly down slope. Sometimes there are 
several different types of each patch/interpatch which provides a measure of heterogeneity or “landscape 
organisation”. 
 
In the second stage, called “soil surface condition” (SSC) assessment, it is possible to assess and monitor soil 
quality using simple indicators including: 

• Rain splash protection; 

• Perennial vegetation cover; 

• Litter; 
o Percent litter cover; 
o Origin of the litter; 
o Extent of decomposition; 

• Cryptogam cover; 

• Crust Brokenness; 

• Soil Erosion Type and Severity; 

• Deposited Materials; 

• Soil Surface Roughness; 

• Surface Nature (resistance to disturbance); 

• Slake Test; and 

• Soil Surface Texture. 
 
These 11 features are compiled and calculated into three indices of soil quality: 

1. Stability (that is, resistance to accelerated erosion), 
2. Infiltration (the rate soil absorbs water) and 
3. Nutrient Cycling (the way plant litter and roots decompose and become available for use by other 
plants).  
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4.3 Soil analyses 

 
Soil samples are obtained using standard soil sampling techniques within the monitoring quadrat. At least 12 
random samples are taken at each site and bulked together.  Soil samples are sent to Southern Cross University 
at their National Association of Testing Authorities (NATA) accredited laboratory for analysis. Soil analysis consist 
of assessing the parameters, pH, Electrical Conductivity (EC), Available calcium (Ca), magnesium (Mg), 
potassium (K), nitrate nitrogen  (N), sulphur (S), organic matter (OM), exchangeable sodium (Na), Ca, Mg, K, 
hydrogen (H), cation exchange capacity, available and extractable phosphorus (P), micronutrients zinc (Zn),  
manganese (Mn), iron (Fe),  copper (Cu), boron (B), silicon (Si), aluminium (Al), molybdenum  (Mo), cobalt (Co) 
and selenium  (Se)) and Total carbon. The heavy metals including cadmium (Cd), lead (Pb), arsenic (As), 
chromium (Cr), nickel (Ni), mercury (Hg) and silver (Ag) are also tested. 
 
A report with analysis and desirable levels recommended in the agricultural industry is provided by the laboratory. 
Exchangeable Sodium Percentages were calculated as a measure of sodicity or dispersion. 
 

4.4 Monitoring structural diversity, floristic and other biodiversity 
attributes 

 
In addition to LFA, assessments of various biodiversity components must also be made to monitor changes in 
particular plants and groups of plants through the various successional phases and to document and/or identify 
critical changes or management actions required.  
 
Some simple and rapid procedures for making these assessments were developed by CSIRO scientists (Gibbons 
2002, Gibbons et al 2008). They were developed for assessing habitat quality across a range of vegetation types 
in the southern NSW Murray-Darling Basin and formed the basis of the Biometric Model used in the Property 
Vegetation Planning Process (DECCW 2011, OEH 2012). Some adaptations have been made to reduce 
monitoring effort where possible, and to incorporate aspects of newly formed revegetation sites or sites in the 
early stages of recovery.  
 
The rapid ecological assessment provides quantitative data that measures changes in: 

• Ground cover diversity and abundance in five repeated 1 x 1m sub-plots every 10m (50m transect) 
using Braun-Blanquet method; 

• Ground cover composition and habitat characteristics including % cover in 10 repeated 1m lengths 
every 5m (50m transect) provided by: 
o dead leaf litter; 
o annual plants 
o perennial plants 
o cryptogams; 
o logs; and 
o rocks.  

• Vegetation structure and projected foliage cover at 0 – 0.5 and increasing 2m height increments to 
>6.0m height in 10 repeated 1 m lengths every 5m (50m transect); 

• Floristic diversity and growth forms in 20 x 50m quadrats; 

• Shrub and juvenile tree density and diversity in 10 x 50m quadrat; 

• Tree and mature shrub density, diversity and health condition in 20 x 50m quadrat; and 

• Other habitat attributes such as the presence of hollows, fire scars, mistletoe and the production of 
buds, flowers and fruit in 20 x 50m quadrat.  
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4.5 Amendments 

4.5.1 Mill 2  
 
In 2014 the monitoring site at the Mill rehabilitation area was relocated further downhill to capture changes in 
some recent rehabilitation which incorporated deep ripping, the application of lime and straw mulch, followed by 
seeding of cover crops of oats and native seed mix. The area is also being irrigated by effluent water and has 
been fenced to exclude grazing. A new rehabilitation monitoring site (Mill 2) was therefore established in this area 
in 2014. Due to its small size, the LFA and vegetation transect were aligned along the same transect and the 
monitoring quadrat was smaller (10 x 25m). While many ecological targets would not be affected data, which are 
obtained from the total quadrat must be treated with some consideration (e.g. total floristic diversity, tree density). 
 

4.5.2 TSF 
 
The lowest batter of the TSF was rehabilitated using a combination of brush matting and seeding with a native 
species mix in 2011 and in 2014 a new rehabilitation monitoring site (TSF) was established in this area. Due to 
the short length of slope (~10-15m), the LFA transect was 10m and replicated at an addition 10m interval to the 
left of the LFA transect to make up a typical 20m LFA transect length. The total size of the monitoring quadrat 
was therefore 10 x 50m and half the area compared to normal monitoring quadrats (20 x 50m). While many 
ecological targets would not be affected data, which are obtained from the total quadrat must be treated with 
some consideration (e.g. total floristic diversity, tree density). 
 

4.5.3 Reference sites 
 
In 2017, CSA established three new reference sites on the CSA ML that would better suit their final land use and 
more specifically the local climatic and historical disturbances. 
 

4.6 Limitations 

 
Due to the dry seasonal conditions and heavy grazing by feral goats and macropods, there was often a lack of 
reproductive structures of low ground cover species that are required for the positive identification of numerous 
plant genera.   
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5 Rainfall 
 
The average annual rainfall at Cobar is 391mm (BoM 2021) (Figure 5-1), however prior to 2010, drought 
conditions were experienced across most of the state resulting in increased total grazing pressure and significant 
impacts on the native vegetation. In 2010, above average rainfall of 710mm was received and provided excellent 
growing conditions during spring and summer of 2011, which also initiated recruitment events for numerous plant 
species. The remainder of 2011 however remained relatively dry but in January through to March 2012, 
widespread high rainfall was experienced across much of eastern Australia. 
 
From March 2012 to February 2014 conditions remained very dry with rainfall often well below the monthly 
averages with particularly hot dry and unseasonal weather conditions in the spring - summer period of 2013 – 
2014. This unusually dry period was followed by an above average rainfall event in February 2015, and apart 
from average rainfall which was experienced during May through to July and stimulated a flush of annual plant 
growth during the 2015 monitoring period, monthly rainfall was generally below average. Except in November 
2015 when 57mm was recorded, limited rainfall was recorded August 2015 through to March 2016, resulting in 
severe conditions for plant growth and increased grazing pressure.  
 
March 2016 marked the beginning of above average monthly rainfall, with record breaking rains (486mm) falling 
during March through to September causing widespread flooding. Since September 2016 however, rainfall has 
been well below the long-term averages with drought conditions extending into 2018 and 2019, with total rainfall 
of only 137mm and 189 mm recorded for these years (Figure 5-2). 
 
In 2020 above average rainfall was experienced in the early part of the year, with exceptionally high rainfall being 
recorded in April with 124mm and a total of 383mm being recorded up until end of September, compared to the 
expected long-term mean of 288mm for the same period. 
 
The extreme seasonal conditions experienced over the past nine years have had a significant impact on the 
composition and diversity of the vegetation communities at CSA. Prolonged dry conditions tend to result in 
increased grazing pressure by macropods and goats with the outcomes being reflected within the range of 
monitoring data. This year, above average rainfall has resulted in a flush of annual plant growth over significant 
parts of the landscape. 
 
 
 



 2020 CSA Mine Rehabilitation Monitoring Report 

 

Prepared by DnA Environmental  February 2021  16 

 
Figure 5-1. Annual rainfall recorded for Cobar 2009 – September 2020 (BoM 2021). (* Jan-Sept only). 

 

 
Figure 5-2. Monthly rainfall data recorded for Cobar from 2019 – September 2020 (BoM 2021). 
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6 Permanent photo-points  
 
The woodland reference sites were situated on CMPL owned property and were spread out where possible to 
maximise the spatial distribution and variations in community composition across the local landscape. The sites 
were located near main access tracks or roads for future access. The sites were chosen for their pre-European 
open grassy woodland characteristics and scattering of shrubs where possible. The sites were not representative 
of the dense shrubby areas of regrowth which are often referred to as “INS” or Invasive Native Species. 
 
Permanent photo-points along the vegetation transect of the reference sites are presented in Table 6-1. 
Permanent photo-points along the vegetation transect of the rehabilitation monitoring sites are presented in Table 
6-2 and  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6-3. A map showing the general site locations of the woodland monitoring sites is given in Figure 6-1. Site 
co-ordinates are provided in Appendix 1. Note that in some year photos may have been omitted due to the 
increasing quantities of data. 
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Figure 6-1 Map showing the locations of the CSA woodland monitoring sites. 
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Table 6-1. General description of the reference sites and permanent photo-point along the vegetation transect. 

2017 Photo-point  2018 Photo-point  2019 Photo-point 2020 Photo-point 

Ref 01: This site is located directly north of the CSA Mine. It is a relatively open area with a moderate density of shrubs. There was a patch Eremophila mitchellii (Budda) and Geijera parviflora (Wilga) which had 
grown underneath the old growth Eucalyptus intertexta (Red Box) tree canopy and a mature Callitris glaucophylla (White Cypress Pine). There were shrubs and regenerating saplings of a variety of species. Leaf 
litter was accumulating around the scattered patches of shrubs and there were some dead (Budda) stags and fallen timber across the site.  

    
Ref 02: This site is located east of the CSA Mine and adjacent to the Kidman Way. It is a relatively open area of E. populnea (Bimble Box) – E. intertexta (Inland Red Box) woodland with mature and immature 
shrubs of Acacia excelsa (Ironwood), Geijera parviflora (Wilga) and Eremophila mitchellii (Budda). There were numerous other species of scattered shrubs. 
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2017 Photo-point 2018 Photo-point 2019 Photo-point 2020 Photo-point 

Ref 03: This site is located in the southeast of the CSA ML adjacent to the Kidman Highway. It is a relatively open area of  E. intertexta (Inland Red Box) woodland with mature and immature shrubs of Acacia 
aneura (Mulga), E. longifolia (Emubush) and Eremophila mitchellii (Budda). There were numerous other species of scattered shrubs. 

    
 
Table 6-2. Permanent photo-point of the CSA rehabilitation monitoring sites. 

2011 Photo-point 2015 Photo-point 2017 Photo-point 2019 Photo-point 2020 Photo-point 

Mill 2: This site is located directly south of the CSA Mill and was previously contaminated with mine process run-off. The contaminated soil was removed in 2007. Some more mature trees of E. populnea and 
Eremophila mitchellii were retained within the site and some have since regenerated. In 2014 the monitoring site at the Mill rehabilitation area was relocated further downhill to capture changes in recent rehabilitation 
which incorporated deep ripping, application of lime, and application of straw mulch followed by seeding of cover crops of Avena fatua (Oats) and native seed mix. The area was irrigated by effluent water and 
fenced to exclude grazing. In 2015, Proganics, an organic growth medium, was also applied to the area in random pockets and it was re-seeded.  

 
 
 
 

N/A 
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2011 Photo-point 2015 Photo-point 2017 Photo-point 2019 Photo-point 2020 Photo-point 

OS: This site is situated over an old subsidence area which was built up in the late 1990s. Topsoil stripped from the tailings extension area was applied over the area in 2004/05. The area contains an extensive 
pile of large trees, logs and branches which were removed from the tailings extension area. In 2017 the area had been fenced off however it continues to be subjected to grazing (gates not closed?). Persisting 
shrubs have grown but otherwise there was little to no live ground cover.  

     
TSF: The lowest batter of the TSF had been rehabilitated using a combination of brush matting of green waste and seeded with a native species mix in 2011. Due to the short length of slope, the LFA transect 
was 10m and replicated at an additional 10m interval. The total size of the monitoring quadrat was therefore reduced to 10x50m.  

N/A 
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Table 6-3. Permanent photo-point of the PVP monitoring sites. 

2017 Photo-point 2018 Photo-point  2019 Photo-point 2020 Photo-point 

PVP 01: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare patches, and occasional litter patches had developed (annual plants had died off). There were occasional 
large deep holes which were probably created with the removal of mature trees.  

    
PVP 02: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare patches, and occasional litter patches had developed (annual plants had died off).  There were scattered 
E. sturtii (Turpentine) seedlings. The soil was extremely hard.  

    
  



 2020 CSA Mine Rehabilitation Monitoring Report 

 

Prepared by DnA Environmental  February 2021  23 

2017 Photo-point 2018 Photo-point 2019 Photo-point 2020 Photo-point 

PVP 03: This site was cleared in 2014 as part of the PVP project initiated by the LLS. There were large bare patches, and occasional litter patches had developed (annual plants had died off).  There were scattered 
seedlings of Senna (two species), Eremophila mitchellii (Budda) and E. sturtii (Turpentine). The soil was extremely hard.  
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7 Ecological trends and performance against a selection of 
ecological performance indicators 

 
The following section provides a summary of key ecological performance indicators from the Mill 2, TSF and Over 
Subsidence (OS) rehabilitation sites compared to the local woodland reference sites. In 2017, three monitoring 
sites in cleared PVP sites were established and were also compared to the woodland reference sites. Note that 
from 2014 – 2016, the reference sites were situated at Peak Gold Mine, CSA and Endeavor as part of the 
cooperative monitoring program. In 2017, three new woodland reference sites were established at CSA, thus 
target ranges in previous years may be somewhat different to those previously recorded. 
 

7.1 Landscape Function Analyses 

7.1.1 Landscape Organisation 
 
A patch is an area within an ecosystem where resources such as soil and litter tend to accumulate, while areas 
where resources are mobilised and transported away are referred to as interpatches. Landscape Organisation 
Indices (LOI) are calculated by the length of the patches divided by the length of the transect, to provide an index 
or percentage (LO) which is occupied by functional patch areas (Tongway and Hindley 2004). 
 
The three reference sites were open woodlands and contained a sparse cover of live ground cover plants as a 
result of the very dry seasonal conditions but there was typically a good cover of dead leaf litter derived from 
fallen tree and shrub leaves or dead ground cover plants. There were scattered shrubs often with patches of leaf 
litter accumulating around them. There were some bare compacted areas, however these were usually covered 
with an abundance of cryptogams which provided relatively stable patch areas. During 2017 to 2019, the 
prolonged dry conditions have resulted in continued shrub mortality and deterioration of the ground cover, litter 
and cryptogrammic layers in Ref 01 and Ref 03 with there being a significant reduction in functional patch area in 
these sites, while LO was maintained in Ref 02 last year. This year improved seasonal conditions resulted in a 
flush of plant growth, increasing the functional patch areas and LOs ranged from 66 – 100% this year (Figure 
7-1). 
 
In the Mill 2 rehabilitation site, the depressions created by deep ripping previously created high surface roughness, 
thus increasing the capacity of the site to capture and retain mobilised materials whilst also creating niches for 
plant germination and establishment. In 2015, straw mulch, Proganics and seed of native trees, shrubs and 
grasses were applied to the site and there was a sparse scattering of ground cover plants. In 2016 there was a 
significant transformation with ground covers and scattered trees and shrubs establishing across the area as a 
result of above average rainfall. During 2017 to 2019 most ground covers were dead and prolonged dry conditions 
have resulted in some seedling mortality and deterioration in the litter layers. Despite the improved seasonal 
conditions this year, there continued to be a declining trend in patch area with an LO of 42%. 
 
At the TSF site, the most functional patch area was created by the piles of brush material (logs and branches), 
however these were distributed in patches with the interpatch areas continuing to be subjected to erosion.  Small 
pockets of ground cover plants were able to establish within the protection of the log piles, however intense 
grazing by goats and adverse soil conditions continue to limit the capacity of the vegetation to become well 
established across the site. In 2016, annual ground covers were more abundant however, there continue to be 
bare areas subject to erosion where good topsoil had been applied. During 2017 to 2019, most ground covers 
had died, however this year there was an increase in plant cover with LO increasing 41% to 65% this year. 
 
In the OS rehabilitation site, there was a decline in functional patch area in 2015 due to the loss of integrity of the 
“troughs and banks” combined with the collapse and downward displacement of the log piles due to active erosion 
of the underlying soils. While small pockets of ground cover plants were able to establish within the protection of 
the large log piles, intense grazing by goats and adverse soil chemistry continues to limit the capacity of the 
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vegetation to become well established across the site. Although there was an increase in abundance of annual 
ground covers in 2016, dry conditions and continued grazing resulted in a marginal decline in patch area in 2017. 
In 2018, there was increased perennial cover provided by the low branches of establishing shrubs and there was 
an increase in litter/small twigs and increased sediment patches resulting in a slightly higher LO of 49% and in 
2019 there was no change in the functional patch area of the OS site. This year however, there was a deterioration 
of the plant/litter patches and LO declined to 31%. Subsequently all three rehabilitation sites had a low LO 
compared to the reference sites this year.  
 
At the PVP sites, functional patch areas were limited to developing and weak pockets of dead annual plants or 
depressions created by the clearing process. Since 2017, there was a decline in these patch areas, with no patch 
area being recorded at all in PVP1 or PVP2 last year, and only 4% was recorded in PVP3. This year patch area 
continued to be very low in all three sites and ranged from 0 - 14% (Figure 7-1).  
 

 
Figure 7-1. Landscape Organisation recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 

7.1.2 Soil surface assessments 

7.1.2.1 Stability 

 
Most stability attributes within the woodland reference sites were derived from the extensive cryptogam cover and 
the very hard, typically stable soil crusts with scattered native ground covers and shrub patches also playing an 
important role in capturing mobile resources and topsoil development. In 2016, the improved seasonal conditions 
resulted in a reduction in total grazing pressure and increased abundance of annual wildflowers, resulting in 
higher levels of ground cover and overall stability values in the woodland reference sites, with some of these 
trends also being evident in the rehabilitation sites. During 2017 to 2019 prolonged dry conditions and increase 
in grazing pressure has resulted in the deterioration of ground cover, including the loss of litter and cryptogam 
cover across most monitoring sites and subsequently stability in the woodland reference sites had further 
declined. This year improved stability was recorded to provide a range of 59.3 – 66.3 (Figure 7-2).  
 
At Mill 2 most stability was previously provided by the scattered straw and engineered depressions which captured 
mobile sediments. By 2015 the soil surface crusts had begun to develop and algal growth (as a result of the 
applied effluent water) provided surface protection similar to a cryptogam cover. In 2016 there was an extensive 
cover of annual plants and scattered tree and shrub seedlings and cryptogams establishing across the site, with 
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patches of straw mulch and proganics persisting in patches. Since 2017 most of the ground covers had died and 
the litter layers had further deteriorated, to provide a stability index of 52.3 this year. 
 
In 2016, the stability at the TSF rehabilitation site had a significant increase due to increased annual and perennial 
plant cover as a result of the improved seasonal conditions. The introduction of protective organic mulches and/or 
green shrubby material was considerably important in this site, largely due to the provision of physical protection 
from herbivores as well as some physical protection against erosion. In addition, it appears that the upper half of 
the batter had been top dressed with an application of good topsoil, while the lower section did not. Therefore, in 
areas which were unprotected by the green shrub materials, especially in the lower section of the batter, there 
tended to be little to no vegetative cover. In the lower slopes of the batter the soils were highly unstable and there 
continues to be moderate to high levels of erosion due to the adverse soil chemistry. During 2017 to 2019 most 
of the ground covers had died and the litter layers continued to deteriorate. This year stability has improved to 
provide an index of 59.7. 
 
Stability at the OS rehabilitation site was provided by large piles of logs and woody debris which gave some 
protection against rain splash while providing a significantly high soil surface relief. The soil crusts tended to be 
well developed, and beneath some of the log piles where cryptogams and annual plants had begun to establish, 
the soils were moderately stable with lower levels of erosion. There has however, tended to be a declining trend 
in overall site stability as the log piles have further deteriorated. In some places the logs were moving down slope 
and, in patches which were unprotected or unsupported by large debris, there was considerable movement of the 
highly unstable substrate. The stability at OS had marginally increased in 2016 due to an increase abundance of 
annual plants, but a continuing decline has been recorded during 2017 to 2019 as a result of the prolonged dry 
conditions and grazing pressure. This year stability had marginally improved to provide an index of 52.7. 
 
Subsequently Mill 2 and OS rehabilitation sites continued to be less stable than the local woodlands, while the 
TSF had a stability comparable to Ref 01 this year. 
 
At the PVP sites, the soils were particularly hard and compacted and there were typically low levels of litter cover 
in PVP1 and PVP2, but cryptogams were beginning to colonise the areas in 2017. There was limited soil surface 
roughness, and the soils were prone to slaking with some mobilisation of resources being evident. Since 2018, 
there has been a reduction in litter and cryptogam cover resulting in a reduction in overall site stability in all three 
PVP sites. This year stability indices had marginally improved to 50.2, 49.5 and 52.8 however they continued to 
be less stable than the woodland reference sites. 
 

 
Figure 7-2. LFA stability indices recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 
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7.1.2.2 Infiltration 

 
Prior to 2017 there were minimal changes recorded in the infiltration capacity of the woodland reference sites 
however in 2016, the increase in annual wildflowers resulted in a significant increase in the relevant reference 
sites at that time, and this was also observed in the Mill 2 and TSF rehabilitation areas. 
 
The new CSA woodland reference sites in 2017 tended to have limited perennial ground and litter cover, which 
had very hard soil crusts which were usually colonised by cryptogams in Ref 01 and Ref 03, while in Ref 02 there 
were higher levels of litter and the soils were not as hard and compacted. Since 2017 infiltration capacity has 
declined in Ref 01 and Ref 03 as protective ground covers deteriorated a result of drought and overgrazing, 
however slight increases were recorded in Ref 02 as leaf litter continues to accumulate beneath the shrubs. This 
year, Ref 01 continued to have a marginal decline in infiltration, while an increase was recorded in Ref 02 and 
Ref 03, with the woodland reference sites providing an infiltration range of 21.6 – 35.1 (Figure 7-3).  
 
This year, infiltration capacity has declined in Mill 2 and OS rehabilitation areas, while a significant increase was 
recorded in TSF. This year, Mill 2 and TSF had infiltration indices that were comparable to the reference sites 
with indices of 24.8 and 33.4 respectively, while infiltration was very low at OS with an index of 18.3. At the PVP 
sites infiltration had marginally increased but continued to be poor and ranged from a low of 18.2 (PVP1) to a high 
of 20.8 (PVP3). 
 

 
Figure 7-3. LFA infiltration indices recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 

7.1.2.3 Nutrient recycling 

 
In terms of nutrient recycling capacity, similar trends were observed, with the woodland reference sites providing 
a target range of 23.6 – 37.5 (Figure 7-4). In Mill 2 and OS, nutrient recycling capacity had decreased to 20.8 and 
17.0 respectively, while a significant increase was recorded at TSF with an index of 29.5. At the PVP sites, nutrient 
recycling capacity continued to be poor and this year ranged from 13.6 (PVP1) to 20.1 (PVP3). 
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Figure 7-4. LFA nutrient recycling indices recorded in the rehabilitation and PVP sites compared to the woodland reference 
sites. 

7.1.2.4 LFA summary 

 
The sum of the LFA stability, infiltration and nutrient recycling components provide an indication of the most 
ecologically functional to least functional monitoring site recorded in 2020 and is provided in Figure 7-5. The most 
functional woodland monitoring site continued to be Ref 02, as it contained a mature overstorey, scattered shrubs 
and perennial ground covers and had well developed litter layer around the trees and shrubs or stable cryptogam 
cover and scored a total of 139, out of a possible score of 300.  
 
This year ecological function in TSF had significantly improved and with a score of 123, was ecologically more 
functional than Ref 03 and Ref 01, which had scores of 118 and 106 respectively. There was not a lot of difference 
between the remaining rehabilitation sites which had low ecological function sites in comparison to the reference 
sites, with scores ranging from a high of 98 in Mill2 to a low of 82 in PVP1. The various types of ground covers 
recorded in the monitoring sites this year have been illustrated in Table 7-1. 
 

 
Figure 7-5. Sum of the LFA stability, infiltration and nutrient recycling components indicating the most functional to least 
functional monitoring site recorded in 2020. 
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Table 7-1. Examples of the ground covers in the woodland monitoring sites in 2020. 

Mill 2 TSF 

  
OS PVP1 

  
PVP2 PVP3 
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Ref 01 Ref 02 

  
Ref 03 (01) Ref 03 (02 

  
 

7.2 Tree density 

 
Mature trees and shrubs (>5cm dbh) were present in all three woodland reference sites and were represented by 
four to seven different species. The reference sites were chosen specifically for their low tree density to maintain 
low density targets for the rehabilitation areas. This year, one mature shrub had died in Ref 01, while three 
saplings had grown in Ref 03 to provide a density of 11 - 31 individuals per monitoring site (Figure 7-6). 
 
Common species comprising the tree populations included various combinations and densities of Geijera 
parviflora (Wilga), Callitris glaucophylla (White Cypress Pine), Eremophila mitchellii (Budda), Eucalyptus 
intertexta (Gum Coolibah), Acacia excelsa (Ironwood), Eucalyptus populnea (Bimble Box), Eremophila longifolia 
(Emubush), Acacia aneura (Mulga), Alectryon oleifolius (Rosewood) and Apophyllum anomalum (Warrior Bush). 
 
The average dbh in the reference sites ranged from 10 – 21cm while the smallest was 5cm and the largest was 
a 38cm Eucalyptus intertexta (Gum Coolibah) in Ref 02. Most of the trees were in moderate health, however in 
Ref 02 there was an increasing number in a state of advanced dieback and while all reference sites had some 
[dead] stags, there was an increasing number in Ref 01.  
 
Grey Mistletoe (Amyema quandong var. quandong) was recorded in two sites, with 5 – 8% of trees having 
mistletoe present on either Acacia aneura (Mulga) or A. excelsa (Ironwood) trees. All sites contained trees that 
had some reproductive structures such as buds, flowers or fruits. One tree contained hollows suitable for nesting 
sites (~10cm diameter) in Ref 03 (Table 7-2). 
 
This year, four E. intertexta saplings in moderate health were recorded at Mill 2, while there continued to be none 
in TSF and OS rehabilitation areas or in the PVP areas. 
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Figure 7-6. Live tree densities (>5cm dbh) in the rehabilitation and PVP sites compared to the woodland reference sites. 

 
Table 7-2. Summary of the tree populations and health condition. 
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Mill 2 1 6 6 6 4 0 100 0 100 0 0 0 0 0 

TSF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PVP1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PVP2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PVP3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ref 01 4 12 23 6 20 10 70 10 40 20 30 5 10 0 

Ref 02 6 21 38 6 12 6 92 8 50 33 8 8 33 0 

Ref 03 7 10 37 5 34 18 91 6 62 24 9 0 15 3 

 

7.3 Shrubs and juvenile trees 

 
The number of shrubs and juvenile trees were variable between the reference sites and in 2018, shrub mortality 
was recorded in all three of the reference sites as a result of drought with significantly lower densities being 
recorded in Ref 03. Last year minor losses were recorded in Ref 01 and Ref 03, while in Ref 02 a minor increase 
was recorded as some seedlings may have been too small and overlooked last year. This year additional 
seedlings were recorded in Ref 01, while declining densities were recorded in Ref 02 and Ref 03, with the resultant 
shrub densities being 79 – 139 stems per 10 x 50m plot, equating to densities of 1580 - 2780 stems per hectare 
(Figure 7-7). The shrub populations in the reference sites were represented by 6 - 13 species (Table 7-3). While 
all height classes were represented in the reference sites, the majority of shrubs continued to be less than 1.5m 
in height, with most being less than 0.5m.  
 
The species of shrubs varied between the reference sites, but all were endemic species with the most common 
being Senna artemisioides subsp. artemisioides (Silver Cassia), Dodonaea lobulata (Lobed Hopbush), Senna 
artemisioides subsp. zygophylla (Senna), Dodonaea viscosa subsp. mucronata (A Hopbush), E. sturtii 
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(Turpentine), Eremophila deserti (Turkey bush), Eremophila mitchellii (Budda), Eremophila longifolia (Emubush) 
and juvenile Acacia aneura (Mulga). Other species have been included in the list of flora Appendix 2.  
 
At Mill 2, the quadrat area (0.025ha) was one half the size of the 10 x 50m (0.05ha) shrub area of the reference 
sites and subsequently we multiplied the number of shrubs and juvenile trees in Mill 2 by two such that the 
numbers counted per 0.05ha could be more adequately compared. There continued to be a decline in juvenile 
tree and shrub seedling densities due to mortality caused by the drought, combined with adverse soil chemistry. 
Some seedlings have established from seed washed into the area from trees planted around the main 
administration buildings, while the remainder may have germinated from wind-dispersed seed distributed into the 
area by birds or seed applied as part of the native seed mix. Previously, there were pockets of seedlings having 
recently germinated beneath some of the larger thickets of prickly sub-shrubs such as Solanum cinereum 
(Narrawa Burr) which was in relatively high abundance in 2016. Since 2018, there has been a decline in seedling 
densities, however there continued to be a relatively high population with 254 seedlings being recorded. Most 
individuals were 0.5 – 1.0m in height but there were 14 Eucalyptus intertexta (Gum Coolibah) individuals that 
exceeded 2m in height. There were 15 different species, however the most abundant species were juvenile of 
Eucalyptus populnea (Bimble Box), Eucalyptus intertexta, Dodonaea viscosa subsp. mucronata (A Hopbush) and 
Acacia aneura (Mulga).  
 
At the TSF site, there was previously an increasing trend in shrub density, however significant mortality had 
occurred in 2018 as a result of drought and overgrazing. Despite the ongoing drought, a minor increase in seedling 
densities was recorded in 2019 as some small seedlings may not have been found. This year, there was a further 
increase in densities with 282 individuals. Most seedlings are probably the result of natural colonisation from 
adjacent remnant vegetation and/or having germinated from the stripped topsoil. Most individuals were less than 
1.5m in height but one Dodonaea viscosa exceeded 2m in height. There were 13 different shrubs, however the 
most common species were Senna artemisioides subsp. artemisioides, Eremophila deserti, E. serrulata (Green 
Fuchsia-bush), Senna artemisioides subsp. filifolia, and Dodonaea viscosa subsp. mucronata.  
 
At OS there was also a small increase in shrub seedlings, increasing the population from 25 to 53. These 
seedlings probably germinated from the topsoil seed bank, which was stripped from the Tailings Dam extension 
area, or have been introduced by birds. Most individuals were less than 0.5m in height as they continue to be 
heavily grazed despite having been fenced off, but a few individuals were 1.5 – 2.0m in height and two were 
>2.0m tall this year. All nine shrubs in OS were endemic species with the most common being Senna 
artemisioides subsp. artemisioides and Senna artemisioides subsp. filifolia. This year there was an adequate 
diversity of shrubs and juvenile trees, but the density was too low compared to the woodland reference sites. 
 
At the PVP sites, there were slightly more shrubs than were recorded last year with densities of 10 to 78, with 
these having germinated from the soil seed bank after clearing. Most individuals were less than 1.0m high, but a 
small number were up to 2.0m high in all sites. The most common species included Senna artemisioides subsp. 
zygophylla, Eremophila mitchellii and Eremophila sturtii. In the PVP sites, the diversity and density of shrubs was 
too low in all three sites this year compared to the woodland reference sites. 
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Figure 7-7. Total shrubs recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 

 
Table 7-3. Number of shrubs and juvenile trees represented in each height class across the range of monitoring sites in 2020. 

Site Name 0-0.5m 0.5-1.0m 1.0-1.5m 1.5-2.0m >2.0m Total 
No. 

species 
% 

endemic 

Mill 2 86 110 38 6 14 254 15 100 

TSF 99 94 73 15 1 282 13 100 

OS 39 7 2 3 2 53 9 100 

PVP1 45 13 2 2 0 62 6 100 

PVP2 2 3 4 1 0 10 1 100 

PVP3 16 36 19 7 0 78 5 100 

Ref 01 76 14 30 18 1 139 7 100 

Ref 02 41 42 19 3 10 115 9 100 

Ref 03 16 21 15 7 20 79 13 100 

 

7.4 Total ground cover 

 
Total ground cover is a combination of leaf litter, annual plants, cryptogams, rocks, logs and live perennial plants 
(<0.5m in height). In the reference sites, there was typically a good cover of dead leaf litter and cryptogams in 
Ref 02 and Ref 03, however it has declined in Ref 01 to provide a target range of 73 – 94% total ground cover 
this year (Figure 7-8). In the rehabilitation sites and PVP sites, there has been an increase in total ground cover 
and ranged from a low of 44% in Mill 2 to 66% in TSF and OS. Total ground cover remained low in the PVP sites 
and ranged from a low of 29% in PVP2 to a high of 37% in PVP1. 
 
Subsequently no rehabilitation or PVP site had adequate levels of total ground cover this year, compared to the 
reference sites.  
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Figure 7-8. Average total ground cover recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 

 

7.5 Structural composition 

 
This year the most dominant form of ground cover in the woodland reference sites was cryptogams which provided 
18 – 59% of the total ground cover. There was 11 – 24% cover provided by dead leaf litter, while annual plants 
provided up to 40% cover in Ref 02 (Figure 7-9). This year scattered perennial plants provided 3 -13% cover and 
in Ref 03 scattered branches provided a small amount of cover. The woodland reference sites Ref 02 and Ref 03 
also contained some mature canopy cover and/or scattered shrubs which provided some projected foliage cover 
in all vertical height increments, while in Ref 01, vertical height was limited to 2.0m. 
 
Most ground cover in rehabilitation sites continued to be provided by dead leaf litter, with some limited cover 
provided by scattered shrub seedlings and/or occasional annual or perennial ground covers but cover levels were 
very low. Large branches and twigs which were applied as part of the rehabilitation continue to provide some 
ground cover in TSF and OS, and scattered rocks were present in TSF.  Although there was only a low abundance 
of perennial ground covers in the rehabilitation areas, these provided levels of perennial ground cover comparable 
to the local woodlands again this year especially in Mill 2 with 19%. Scattered shrub seedlings provided some 
vertical height up to 2.0m in Mill 2, TSF and OS this year. 
 
In the PVP areas, annual plants provided the most ground cover this year, with small pockets of dead leaf litter 
and cryptogams recorded in low abundance in PVP1 and PVP3. A small branch also provided minimal cover in 
PVP1. Scattered shrubs may have provided some low foliage cover in PVP1 and PVP3 and some vertical height 
up to 2.0m in PVP1 and PVP3 this year. Table 7-4 provides an illustration of the structure and composition of the 
monitoring sites. The community structure of individual rehabilitation sites is provided in Appendix 3. 
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Figure 7-9. Average percent ground cover and projected foliage cover recorded in the monitoring sites in 2020. 

 
Table 7-4. The structure and composition of the woodland monitoring sites in 2020. 
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PVP2 PVP3 

  
Ref 01  Ref 02 

  
Ref 03 (01) Ref 03 (02) 

  
 

7.6 Floristic Diversity 

 
Since 2011 total species diversity has tended to fluctuate with the seasonal conditions and degree of total grazing 
pressure, with these trends being reflected in the rehabilitation areas as well as in the reference sites (Figure 
7-10).  
 
This year an increased floristic diversity was recorded in all monitoring sites due to above average rainfall 
conditions throughout the year which stimulated a flush of annual plant growth. In the woodland reference sites, 
there were 37– 58 species, with 2 – 7 of these being exotic species (Figure 7-11). In the rehabilitation sites there 
were 40 – 51 species, with these continuing to have a diversity comparable to the reference sites this year, 
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however of these, 7 – 12 were exotic species. At the PVP sites, floristic diversity remained low with a total 19 – 
36 species however there were only 1 – 2 exotic species.  
 
Subsequently there continued to be an adequate diversity of native species in the three rehabilitation sites, 
however when compared to the reference sites there slightly too many exotic species in Mill 2 and TSF this year. 
In the PVP sites, native species diversity remained low especially in PVP 2. A full list of species recorded in the 
monitoring sites can be found in Appendix 2. 
 

 
Figure 7-10. Total species diversity recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 

 

 
Figure 7-11 Exotic species diversity recorded in the rehabilitation and PVP sites compared to the woodland reference sites. 
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7.7 Percent endemic ground cover 

 
The percent endemic ground cover provides a measure of the cover abundance of the native vegetation along 
the vegetation transect and provides an indication of the weediness of the overall site. This year, there was no 
consistent trend in native ground cover abundance across the range of monitoring sites, with some having 
increased proportions of native plant cover. However, in some sites such as TSF and the PVP sites, there was 
an increase in exotic cover, but increased exotic plant cover was also recorded in the Ref 03 reference site (Figure 
7-12). In the reference sites there was 75 – 100% native plant cover and native plants continued to provide all of 
the live ground cover in Mill 2 and OS. In the PVP sites, there was limited ground cover however native plants 
provided 87 – 95% of the live plant cover. In the TSF rehabilitation site, native plants provided 47% plant cover 
and this site was much weedier than desired. 
 

 
Figure 7-12. Percent endemic ground cover recorded in the monitoring sites. 

 

7.8 Vegetation composition 

 
The composition of the vegetation, as categorised by nine different growth forms, is given in Figure 7-13. This 
year the woodland reference sites contained a high diversity of herbs with 19 – 30 different species. There was 
also a relatively high diversity of shrubs with 7 – 12 different species and there were 2 – 5 tree species and 5 - 6 
sub-shrubs. There were also 3 - 8 grass species, and a vine or a fern may have been recorded in one to site 
sites. 
 
This year the TSF rehabilitation site contained an appropriate composition of growth forms compared to the 
reference sites. In OS and the three PVP sites there was a low diversity of tree species, and in Mill 2 there were 
a low diversity of sub-shrubs and herbs. Both PVP2 and PVP3 typically had a low diversity of all growth forms.  
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Figure 7-13. Composition of the vegetation recorded in the rehabilitation and PVP sites compared to the woodland reference 
sites in 2020. 

 

7.9 Most common plant species 

 
The most common species recorded in the rehabilitation and PVP sites are given in Table 7-5. This year there 
were 16 species recorded in at least five rehabilitation sites and all but the exotic Medicago laciniata (Cut-leaf 
Medic) were native species.  
 
The native forbs Calotis lappulacea (Yellow Burr Daisy), Convolvulus erubescens (Australian Bindweed) and 
Erodium crinitum (Blue Storksbill) were recorded in all six rehabilitation sites. Most common species were also 
recorded in one or more of the reference sites, except Sclerolaena birchii (Galvanised Burr) and Dysphania 
melanocarpa (Black Crumbweed). A full list of flora species recorded in the monitoring sites is provided in 
Appendix 2. 
 
Table 7-5. Common species recorded in the rehabilitation/PVP monitoring sites. 

ex
o

ti
c 

Scientific Name Common Name 

H
ab

it
 

M
ill

2 

O
S

 

T
S

F
 

P
V

P
1

 

P
V

P
2

 

P
V

P
3

 

T
o

ta
l 

R
ef

01
 

R
ef

02
 

R
ef

03
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  Convolvulus erubescens 
Australian 
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  Erodium crinitum Blue Storksbill h 1 1 1 1 1 1 6 1 1 1 

  Abutilon otocarpum 
Desert Chinese 
Lantern ss   1 1 1 1 1 5 1 1 1 

  Austrostipa scabra Speargrass g   1 1 1 1 1 5 1 1 1 

  Calotis cuneifolia Purple Burr Daisy h   1 1 1 1 1 5 1 1 1 

  Calotis hispidula Bogan Flea h   1 1 1 1 1 5 1 1 1 

  Eremophila sturtii Turpentine s   1 1 1 1 1 5   1 1 

  Euphorbia drummondii Caustic Weed h 1 1   1 1 1 5   1 1 

  Goodenia fascicularis   h   1 1 1 1 1 5 1 1 1 

0

10

20

30

40

50

60

70

Mill 2 TSF OS PVP1 PVP2 PVP3 Ref 01 Ref 02 Ref 03

No
. S

pe
ci

es

Trees Shrubs Sub-shrubs Herbs Grass Vines Ferns Reeds Parasite



 2020 CSA Mine Rehabilitation Monitoring Report 

 

Prepared by DnA Environmental  February 2021  40 

ex
o

ti
c 

Scientific Name Common Name 

H
ab

it
 

M
ill

2 

O
S

 

T
S

F
 

P
V

P
1

 

P
V

P
2

 

P
V

P
3

 

T
o

ta
l 

R
ef

01
 

R
ef

02
 

R
ef

03
 

* Medicago laciniata Cut-leaf Medic h 1   1 1 1 1 5 1 1 1 

  Rhodanthe floribunda 
Common White 
Sunray h 1   1 1 1 1 5   1 1 

  Sclerolaena birchii Galvanised Burr ss   1 1 1 1 1 5       

  Sclerolaena diacantha Grey Copperburr ss   1 1 1 1 1 5 1 1 1 

  
Senna artemisioides subsp. X 
artemisioides Silver Cassia s 1 1 1 1   1 5 1     

  
Senna artemisioides subsp. 
zygophylla Senna s 1 1 1 1   1 5 1 1 1 

Key to habit: t = tree, S = shrub, ss = sub shrub, h = herb, g = grass, v = vine, f = fern, r = reed/rush 

 

7.10 Most abundant plant species 

 
The most abundant plant species recorded in each of the monitoring sites this year are provided in Table 7-6. 
The most abundant species collectively summed to a Braun-Blanquet total of five or more from the five replicated 
sub-plots along the vegetation transect. The maximum score that can be obtained by an individual species is 30.  
 
The data indicate that no species was particularly abundant in Mill 2 this year. In TSF the exotic annual Medicago 
laciniata (Cut-leaf Medic) and the native grass Austrostipa scabra subsp. scabra (Rough Speargrass) were 
abundant ground covers this year and so was the native herb Daucus glochidiatus (Australian Carrot) and the 
exotic perennial Salvia verbenaca (Wild Sage). In OS a Geijera parviflora (Wilga) sapling provided the most cover, 
while Erodium crinitum (Blue Storksbill) was the most abundant ground cover in all three PVP sites, but overall 
cover scores were low. 
 
In the reference sites a range of annual wildflowers were relatively abundant, however Medicago laciniata was 
also quite abundant in Ref 02 and Ref 03 this year. Species cover abundance in individual rehabilitation sites is 
provided in Appendix 3. 
 
Table 7-6. The most abundant species recorded in the rehabilitation monitoring sites in 2020.  
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 Geijera parviflora Wilga t   5       

* Medicago laciniata Cut-leaf Medic h  15      17 6 

* Salvia verbenaca Wild Sage h  5        

 Austrostipa scabra subsp. scabra Rough Speargrass g  11      6  

 Daucus glochidiatus Australian Carrot h  5       5 

 Erodium crinitum Blue Storksbill h    12 13 11   6 

 Goodenia fascicularis A Goodenia h        8 5 

 Hyalosperma semisterile Orange Sunray h        5  

 Rhodanthe floribunda Common White Sunray h        6  

 Sclerolaena diacantha Grey Copperburr h        5  

 Velleia paradoxa Spur Velleia h         8 

Key to habit: t = tree, S = shrub, ss = sub shrub, h = herb, g = grass, v = vine, f = fern, r = reed/rush 

 

7.11 Priority weeds 

 
No priority weed species were recorded in the range of CSA monitoring sites.  
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7.12 Threatened species 

 
No threatened species were recorded in the range of CSA monitoring sites.  
 

7.13 Rill Assessment 

 
No rills were recorded in any site this year. 

 

7.14 Soil analyses 

 
The soil results have been compared to EPA guidelines as provided by the NATA accredited laboratory. The EPA 
indicative fertility guidelines are based on Albrecht and Reams concepts for achieving ideal soil fertility in clay 
loam soils. Further detail can be found in Appendix 4 and the “End notes” of the Soil Analyses results. 
 

7.14.1 pH 
 
Figure 7-14 shows that pH recorded in the CSA rehabilitation and PVP sites compared to the woodland reference 
sites and the “desirable pH” levels in medium soils prescribed by the agricultural industry. There was little change 
in soil pH recorded in the woodland reference sites that provided a range of 5.4 – 6.9 this year, with these being 
strongly acidic to neutral (Bruce and Rayment 1982).  
 
There were also minimal changes in the rehabilitation and PVP areas, except an increase was recorded in TSF. 
At Mill 2 soil pH remained at 6.8 and comparable to the local woodlands and within desirable agricultural levels. 
At TSF, pH had increased to 8.3 and was moderately alkaline, while at OS the soil pH was 3.8 and remained very 
strongly acidic (Bruce and Rayment 1982). Soil pH at the PVP sites was 5.1 – 5.6 with the soils being moderately 
to strongly acidic. 
 

 
Figure 7-14. pH values recorded in the rehabilitation/ and PVP sites compared to the woodland reference sites and desirable 
agricultural levels. 
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7.14.2 Conductivity 
 
Figure 7-15 shows the Electrical Conductivity (EC) recorded in the rehabilitation and PVP sites compared to the 
woodland reference sites, as well as the “desirable” level as prescribed by the agricultural industry in medium 
soils.  The reference sites continued to have very low EC values and ranged between 0.013 – 0.033 dS/cm, 
indicating the local rangelands have low levels of soluble salts and are non-saline. 
 
EC recorded in Mill 2 and TSF have tended to demonstrate a declining trend over the past few years, and a 
decline was also recorded in OS this year. EC in all three rehabilitation sites however continued to exceed local 
and agricultural industry standards. At Mill 2 the soil EC was 1.038 dS/cm, while at OS the soil EC was 1.090 
dS/cm with both of these sites having soils that are highly saline (Slavich and Petterson 1993). At TSF they are 
in the slightly saline category with an EC of 0.250 dS/cm.  
 
Soils at PVP 2 continue to have EC readings that are higher than the local woodlands and exceed agricultural 
thresholds with an EC of 0.268 dS/cm and slightly saline.  In PVP 1 and PVP 3, EC was slightly higher than the 
local woodlands but remained within agricultural thresholds and non-saline with 0.150 dS/cm and 0.044 dS/cm 
respectively. 
 

 
Figure 7-15. EC recorded in the rehabilitation and PVP sites compared to the woodland reference sites and desirable 
agricultural levels. 

 

7.14.3 Organic Matter 
 
The Organic matter (OM) recorded in the woodland reference sites are comparatively lower than the desirable 
agricultural levels and ranged from 1.7 – 1.9% (Figure 7-16). Low OM levels indicate there are low rates of nutrient 
recycling resulting in low levels of humus within the topsoil layer, especially on the large once bare and compacted 
areas which have typically been colonised by cryptogams. OM in the rehabilitation sites was also low but were 
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comparable to or slightly higher than the woodland reference sites with 1.9 – 2.9% OM. In the PVP sites OM was 
1.9 – 3.2%. 
 

 
Figure 7-16. Organic Matter recorded in the rehabilitation and PVP sites compared to the woodland reference sites and 
desirable agricultural levels. 

 

7.14.4 Phosphorous 
 
Phosphorous (P) levels in the woodland reference sites were significantly lower than the desirable level prescribed 
by the agricultural industry with P levels this year ranging from 11.4 – 14.4 mg/kg (Figure 7-17), reflecting the low 
soil fertility in the local woodlands, with these significantly lower than last year. 
 
There was previously a significant and increasing trend in P at Mill 2, probably due to the addition of effluent and 
grey water and other growth promoting materials such as Proganics, however these have declined dramatically 
over the past year with P concentrations of 123.3 mg/kg P this year which continue to exceed local levels and 
agricultural guidelines. P concentrations in TSF were low with 8.2 mg/kg but were similar to or higher than the 
local woodlands in OS and PVP this year. 
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Figure 7-17. Phosphorous levels recorded in the rehabilitation and PVP sites compared to the woodland reference sites and 
desirable agricultural levels. 

7.14.5 Nitrate 
 
The reference sites continue to have very low nitrate (N) concentrations, and these ranged from 0.5 – 0.7 mg/kg 
(Figure 7-18) also reflecting the low soil fertility in the local woodlands. N concentrations have been quite variable 
in Mill 2 and this year a significant decrease was recorded, but with N concentrations of 43.5 mg/kg they continue 
to exceed the 13.0 mg/kg threshold. At TSF was another minor reduction in N was recorded again this year with 
concentrations only 0.8 mg/kg however these remained within local levels. At OS, a significant increase in N was 
recorded with 108 mg/kg being recorded this year. In the PVP sites, N ranged from 6.2 – 50.9, with these being 
relatively high compared to agricultural standards in PVP 1 and PVP 2. 
 

 
Figure 7-18. Nitrate levels recorded in the rehabilitation and PVP sites compared to the woodland reference sites and desirable 
agricultural levels. 
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7.14.6 Cation Exchange Capacity 
 
Cation Exchange Capacity (CEC) is the capacity of the soil to hold the major cations (calcium, magnesium, sodium 
and potassium), and is a measure of the potential fertility of the soil. The woodland reference sites continue to 
have low CEC’s compared to desirable agricultural levels of 14 cmol/kg and ranged from 3.9 – 10.4 cmol/kg this 
year (Figure 7-19). At Mill 2, TSF and OS, CEC has slightly decreased over the last few years, however all three 
rehabilitation sites have a CEC which continue to exceed local and agricultural levels and ranged from 17.5 – 
23.1 cmol/kg with these probably implicated with the high EC recorded in these sites. The CEC in the PVP areas 
were similar to the local woodlands and ranged from 5.9 – 8.1 cmol/kg. 
 

 
Figure 7-19. Cation Exchange Capacity recorded in the rehabilitation and PVP sites compared to the woodland reference sites 
and desirable agricultural levels. 

 

7.14.7 Exchangeable Sodium Percentage 
 
A soil is considered "sodic" when the Exchangeable Sodium Percentage (ESP) is 5% or greater. The amount of 
sodium in sodic soils interferes with the soil structural stability and can lead to hard soil, hardpans, surface crusting 
and rain pooling on the surface.  These adverse structural soil changes can affect water infiltration, drainage and 
plant growth. The ESP recorded in the woodland reference sites remained at very low levels this year, ranging 
from 0.1 – 1.1% and indicating the soils are non-sodic (Figure 7-20). The ESP recorded in all rehabilitation and 
PVP sites were also very low and were similar to local levels or were well below the 5% threshold, indicating the 
soils are also non-sodic. 
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Figure 7-20. ESP recorded in the rehabilitation and PVP sites compared to the woodland reference sites and desirable 
agricultural levels. 

 

7.14.8 Elevated soil test results 
 
The full results of the soil analysis are provided in Appendix 4 however a summarised version highlighting elevated 
results is provided in Table 7-7. These soil results have been compared to EPA guidelines. The EPA indicative 
fertility guidelines are based on Albrecht and Reams concepts for achieving ideal soil fertility in clay loam soils. 
The EPA Contaminant guidelines are based on limits for 'Residential A - Residential with gardens and accessible 
soil including children's daycare centres, preschools, primary schools, town houses or villas' soils (NSW EPA 
1998). Further detail can be found in the “End notes” of the Soil Analyses results (Appendix 4). Sites which 
contained elevated levels compared to these guidelines have been shaded to provide a general indication of how 
much an element or heavy metal may exceed acceptable concentrations. The colour coding used when 
comparing against these recommended guidelines is as follows. Green = slightly elevated; Yellow = high; Red = 
very high; Brown = significantly high; Purple = excessive. 
 
The 2020 data indicate that soils in the three rehabilitation sites Mill 2, TSF and OS had excessively high 
concentrations of sulfur, copper and zinc. In particular, concentrations of sulfur ranged from 101 – 1793 mg/kg 
compared to a recommended guideline of 8.0 mg/kg. 
 
Site Mill 2 also had elevated concentrations of selenium, cadmium, mercury and silver, while manganese, silicon 
and cadmium were slightly elevated in OS. Subsequently, concentrations of salts and heavy metals in the 
rehabilitation sites far exceeded any recorded in the reference sites, suggesting elevated level of contaminants 
are directly implicated with historic and/or current mining practices. 
 
There were also particularly high levels of sulfur, zinc and copper in PVP1 and PVP2 and manganese, iron and 
copper were also elevated despite their lack of direct mining activity. Site PVP3 also had slightly elevated levels 
of sulfur and copper, otherwise it had soil properties more similar to the reference sites which tended to be within 
the recommended thresholds. Elevated concentrations of contaminants in PVP1 and PVP2 suggest these sites 
have been subjected to wind born dust from the operational mining areas. 
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Table 7-7. Summary of the soil analyses highlighting elevated soil test results in 2020. 

Parameter Mill 2 TSF OS PVP1 PVP2 PVP3 Ref01 Ref02 Ref03 
Medium Soil Clay 

Loam 

Sulfur (mg/kg S) 841 101 1,793 33 47 14 3.5 3.4 3.1 8.0 

Zinc (mg/kg) 263 3.8 169 81 23 3.0 0.78 0.59 0.64 5.0 

Manganese (mg/kg) 2.9 4.5 44 70 32 15 11 12 12 22 

Iron (mg/kg) 7.9 6.4 22 38 40 20 40 12 17 22 

Copper (mg/kg) 316 3.6 26 22 15 3.9 1.8 1.1 1.5 2.0 

Silicon (mg/kg Si) 16 43 52 42 64 45 31 38 45 45 

Total Sulfur (mg/kg) 3,671 489 3,005 158 273 97 <50 70 58 100–1000 S 

Total Zinc (mg/kg) 1,234 104 351 78 69 41 48 28 31 20–50 Zn 

Total Copper (mg/kg) 2,073 76 132 114 90 34 25 17 21 20–50 Cu 

Total Selenium (mg/kg) 14 0.83 1.9 0.75 0.62 1.3 0.83 0.55 1.4 0.1–2.0 Se 

Total Cadmium (mg/kg) 1.7 <0.5 1.1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <1 Cd 

Total Arsenic (mg/kg) 15 7.5 5.6 6.3 5.1 5.1 4.4 3.6 3.5 1–50 As 

Total Chromium (mg/kg) 36 26 31 32 30 34 31 33 29 5–1000 Cr 

Total Nickel (mg/kg) 8.1 12 10 10 9.8 10 7.2 11 13 5–500 Ni 

Total Mercury (mg/kg) 0.41 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 < 0.2 Hg 

Total Silver (mg/kg) 1.8 <1 <1 <1 <1 <1 <1 <1 <1 .. Ag 

Purple = excessively high; Brown =significantly high; Red = very high; Yellow = moderately high; Green = slightly high 
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7.15 Rehabilitation site performance towards meeting ecological performance targets 

 
Table 7-8 indicates the performance of the rehabilitation and PVP monitoring sites against the range of ecological performance indicators recorded in 2020. The performance 
indicators have been presented in order of rehabilitation phases and ecosystem succession, beginning with Phase 2 Landform Establishment and Stability (Orange) followed by 
Phase 3 Growth Medium Development (Brown), Phase 4 Ecosystem & Land Use Establishment (Green) and ending with Phase 5 Ecosystem & Land Use Sustainability (Blue) 
according to the ESG3 MOP guidelines. 
 
Rehabilitation sites meeting or exceeding the range values of the reference sites have been identified with a shaded colour box and have therefore been deemed to meet the 
ecological targets. In the case of “growth medium development”, upper and lower soil property indicators are also based on results obtained from the respective reference sites. 
In some cases, the site may not fall within ranges based on these data but may be within “desirable” levels as prescribed by the agricultural industry. If this scenario occurs, the 
rehabilitation site has been identified using a striped shaded box to indicate that it falls within “desirable” agricultural ranges. 
 
Table 7-8. Performance of the rehabilitation monitoring sites against “Primary” and Secondary” ecological performance indicators in 2020. 

Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

Performance indicators are quantified by the range of values obtained from replicated reference sites in 2020 2020 2020 2020 Lower  Upper 2020 2020 2020 2020 2020 2020 

Phase 2: 
Landform 
establishment 
and stability 

Landform 
slope, gradient 

Landform suitable 
for final land use 
and generally 
compatible with 
surrounding 
topography 

Slope 

Landform is generally 
compatible within the 
context of the local 
topography.  

  Degrees (<14°) 2 1 2 1 2 2 10 7 1 0 0 

Active erosion Areas of active 
erosion are 
limited 

No. 
Rills/Gullies 

  

Number of gullies or 
rills >0.3m in width or 
depth in a 50m 
transect are limited 
and stabilising 

No. 0 0 0 0 0 0 0 0 0 0 0 

Cross-sectional 
area of rills 

Provides an 
assessment of the 
extent of soil loss due 
to gully and rill erosion 
and that it is limited 
and/or is stabilising   

m2 0 0 0 0 0 0 0 0 0 0 0 

Phase 3: 
Growth 
medium 
development 

Soil chemical, 
physical 
properties and 
amelioration 

Soil properties are 
suitable for the 
establishment and 
maintenance of 
selected 
vegetation 
species 

pH 

pH is typical of that of 
the surrounding 
landscape or falls 
within desirable 
ranges provided by 
the agricultural 
industry 

  pH (5.6-7.3) 5.4 6.9 6.1 5.4 6.9 6.8 8.3 3.8 5.3 5.1 5.6 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

EC   

Electrical Conductivity 
is typical of that of the 
surrounding landscape 
or fall within desirable 
ranges provided by the 
agricultural industry  

< dS/cm (<0.150) 0.013 0.033 0.019 0.013 0.033 1.038 0.250 1.909 0.150 0.268 0.044 

Organic Matter 

Organic Carbon levels 
are typical of that of 
the surrounding 
landscape, increasing 
or fall within desirable 
ranges provided by 
the agricultural 
industry 

  % (>4.5) 1.7 1.8 1.9 1.7 1.9 2.9 1.9 2.1 3.2 2.0 1.9 

Phosphorous 

Available Phosphorus 
is typical of that of the 
surrounding landscape 
or fall within desirable 
ranges provided by 
the agricultural 
industry  

  mg/kg (50) 12.9 11.4 14.4 11.4 14.4 123.3 8.2 16.6 14.1 18.0 12.5 

Nitrate   

Nitrate levels are 
typical of that of the 
surrounding landscape 
or fall within desirable 
ranges provided by the 
agricultural industry 

mg/kg (>12.5) 0.5 0.7 0.5 0.5 0.7 43.5 0.8 108.1 50.0 50.9 6.2 

CEC   

Cation Exchange 
Capacity is typical of 
that of the surrounding 
landscape or fall within 
desirable ranges 
provided by the 
agricultural industry 

 Cmol+/kg (>14) 3.9 10.4 6.7 3.9 10.4 22.6 23.1 17.5 8.1 7.3 5.9 

ESP   

Exchangeable Sodium 
Percentage (a 
measure of sodicity) is 
typical of that of the 
surrounding landscape 
or fall within desirable 
ranges provided by the 
agricultural industry 

% (<5) 1.1 0.1 0.9 0.1 1.1 1.0 0.4 0.3 0.5 1.7 0.5 

Phase 4: 
Ecosystem & 
Land Use 
Establishment 

Landscape 
Function 
Analysis (LFA): 
Landform 
stability and 
organisation 

Landform is 
stable and 
performing as it 
was designed to 
do 

LFA Stability 

LFA stability index 
provides an indication 
of the sites stability 
and that it is 
comparable to or 
trending towards that 

  % 61.1 66.3 59.3 59.3 66.3 52.3 59.7 52.7 50.2 49.5 52.8 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

of the local remnant 
vegetation  

LFA Landscape 
organisation  

The Landscape 
Organisation Index 
provides a measure of 
the ability of the site to 
retain resources and 
that it is comparable to 
that of the local 
remnant vegetation  

  % 83 100 66 66 100 42 65 31 14 0 14 

Vegetation 
diversity 

Vegetation 
contains a 
diversity of 

species 
comparable to 
that of the local 

remnant 
vegetation Diversity of 

shrubs and 
juvenile trees  

The diversity of shrubs 
and juvenile trees with 
a stem diameter <5cm 
is comparable to that 
of the local remnant 
vegetation. 
  

  species/area 7 9 13 7 13 15 13 9 6 1 5 

The percentage of 
shrubs and juvenile 
trees with a stem 
diameter <5cm dbh 
which are local 
endemic species, and 
these percentages are 
comparable to the 
local remnant 
vegetation 

  % population 100 100 100 100 100 100 100 100 100 100 100 

Total species 
richness 

  

The total number of 
live plant species 
provides an indication 
of the floristic diversity 
of the site and is 
comparable to the 
local remnant 
vegetation  

No./area 37 55 58 37 58 40 53 51 36 19 32 

Native species 
richness 

  

The total number of 
live native plant 
species provides an 
indication of the native 
plant diversity of the 
site and that it is 
greater than or 
comparable to the 
local remnant 
vegetation 

>No./area 36 48 56 36 56 28 41 44 34 18 30 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

Exotic species 
richness 

The total number of 
live exotic plant 
species provides an 
indication of the exotic 
plant diversity of the 
site and that it is less 
than or comparable to 
the local remnant 
vegetation 

  <No./area 1 7 2 1 7 12 12 7 2 1 2 

Vegetation 
density 

Vegetation 
contains a density 
of species 
comparable to 
that of the local 
remnant 
vegetation 

Density of 
shrubs and 

juvenile trees 

The density of shrubs 
or juvenile trees with a 
stem diameter < 5cm 
is comparable to that 
of the local remnant 
vegetation 

  No./area 139 115 79 79 139 254 282 53 62 10 78 

Ecosystem 
composition 

The vegetation is 
comprised by a 
range of growth 
forms comparable 
to that of the local 
remnant 
vegetation 

Trees 

The number of tree 
species regardless of 
age comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

  No./area 2 4 5 2 5 2 2 1 1 1 1 

Shrubs 

The number of shrub 
species regardless of 
age comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

  No./area 7 8 12 7 12 13 11 8 7 1 5 

Sub-shrubs   

The number of sub-
shrub species 
comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

No./area 5 6 5 5 6 0 5 6 4 3 5 

Herbs 

The number of herbs 
or forb species 
comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

  No./area 19 30 27 19 30 17 32 32 21 13 19 

Grass 

The number of grass 
species comprising 
the vegetation 
community is 
comparable to that of 

  No./area 3 6 8 3 8 8 3 3 3 1 2 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

the local remnant 
vegetation 

Vines   

The number of vines 
or climbing species 
comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

No./area 1 1 0 0 1 0 0 0 0 0 0 

Ferns   

The number of ferns 
comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

No./area 0 0 1 0 1 0 0 1 0 0 0 

Reeds   

The number of reed 
species comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

No./area 0 0 0 0 0 0 0 0 0 0 0 

      

Parasite   

The number of 
parasitic species 
comprising the 
vegetation community 
is comparable to that 
of the local remnant 
vegetation 

No./area 0 0 0 0 0 0 0 0 0 0 0 

Phase 5: 
Ecosystem & 
Land Use 
Sustainability 

Landscape 
Function 
Analysis (LFA): 
Landform 
function and 
ecological 
performance 

Landform is 
ecologically 
functional and 
performing as it 
was designed to 
do 

LFA Infiltration 

LFA infiltration index 
provides an indication 
of the sites infiltration 
capacity and  is 
comparable to or 
trending towards that 
of the local remnant 
vegetation 

  % 21.6 35.1 28.3 21.6 35.1 24.8 33.4 18.3 18.2 18.9 20.8 

LFA Nutrient 
recycling 

LFA nutrient recycling 
index provides an 
indication of the sites 
ability to recycle 
nutrient and that it is 
comparable to or 
trending towards that 
of the local remnant 
vegetation 

  % 23.6 37.5 30.4 23.6 37.5 20.8 29.5 17 13.6 17.2 20.1 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

Protective 
ground cover 

Ground layer 
contains 
protective ground 
cover and habitat 
structure 
comparable with 
the local remnant 
vegetation 

Litter cover   

Percent ground cover 
provided by dead plant 
material is comparable 
to that of the local 
remnant vegetation 

% 11 22 23.5 11 23.5 21 21 25 5.5 3 3.5 

Annual plants   

Percent ground cover 
provided by live annual 
plants is comparable 
to that of the local 
remnant vegetation 

% 0.5 39.5 20 0.5 39.5 3 21 8 21.5 25.5 14.5 

Cryptogam 
cover 

  

Percent ground cover 
provided by 
cryptogams (e.g. 
mosses, lichens) is 
comparable to that of 
the local remnant 
vegetation 

% 58.5 18 45 18 58.5 0.0 0.5 0 3 0 10.5 

Rock   

Percent ground cover 
provided by stones or 
rocks (> 5cm 
diameter) is 
comparable to that of 
the local remnant 
vegetation 

% 0 0 0 0 0 1 7.5 2 0 0 0 

Log   

Percent ground cover 
provided by fallen 
branches and logs 
(>5cm) is comparable 
to that of the local 
remnant vegetation 

% 0 0 1 0 1 0 9 23.5 2.5 0 0 

Bare ground   

Percentage of bare 
ground is less than or 
comparable to that of 
the local remnant 
vegetation  

< % 27.5 8 6 6 27.5 56 34 34.5 63.5 71.5 65 

Perennial plant 
cover (< 0.5m) 

Percent ground cover 
provided by live 
perennial vegetation 
(<0.5m in height) is 
comparable to that of 
the local remnant 
vegetation 

  % 2.5 12.5 4.5 2.5 12.5 19 7 7 4 0 6.5 

Total Ground 
Cover 

Total groundcover is 
the sum of protective 
ground cover 
components (as 
described above) and 
that it is comparable to 

  % 72.5 92 94 72.5 94 44 66 65.5 36.5 28.5 35 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

that of the local 
remnant vegetation 

Ground cover 
diversity 

Vegetation 
contains a 
diversity of 
species per 
square meter 
comparable to 
that of the local 
remnant 
vegetation 

Native 
understorey 
abundance 

  

The abundance of 
native species per 
square metre 
averaged across the 
site provides an 
indication of the 
heterogeneity of the 
site and that it has 
more than or an equal 
number of native 
species as the local 
remnant vegetation 

> species/m2 2.6 7 8.2 2.6 8.2 1 3.8 3.2 5 3.4 4.2 

Exotic 
understorey 
abundance 

  

The abundance of 
exotic species per 
square metre 
averaged across the 
site provides an 
indication of the 
heterogeneity of the 
site and that it has less 
than or an equal 
number of native 
species as the local 
remnant vegetation 

< species/m2 0 1.2 0.6 0 1.2 0 3 0 0.4 0.2 0.2 

Native ground 
cover 
abundance 

Native ground 
cover abundance 
is comparable to 
that of the local 
remnant 
vegetation 

Percent ground 
cover provided 

by native 
vegetation 
<0.5m tall 

The percent ground 
cover abundance of 
native species (<0.5m 
in height) compared to 
exotic species is 
comparable to that of 
the local remnant 
vegetation  

  % 100 75.3 90.5 75.3 100 100 47.2 100 94.6 87.1 94.4 

Ecosystem 
growth and 
natural 
recruitment 

The vegetation is 
maturing and/or 
natural 
recruitment is 
occurring at rates 
similar to those of 
the local remnant 
vegetation 

shrubs and 
juvenile trees      

0 - 0.5m in 
height 

The number of shrubs 
or juvenile trees less 
than 0.5m in height 
provides an indication 
of establishment 
success and/or natural 
ecosystem recruitment 
and that it is 
comparable to that of 
the local remnant 
vegetation 

  No./area 76 41 16 16 76 86 99 39 45 2 16 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

shrubs and 
juvenile trees 

0.5 - 1m in 
height 

  

The number of shrubs 
or juvenile trees 0.5-
1m in height provides 
an indication of 
establishment 
success, growth 
and/or natural 
ecosystem recruitment 
and that it is 
comparable to that of 
the local remnant 
vegetation 

No./area 14 42 21 14 42 110 94 7 13 3 36 

shrubs and 
juvenile trees 1 
- 1.5m in height 

  

The number of shrubs 
or juvenile trees 1-
1.5m in height 
provides an indication 
of establishment 
success, growth 
and/or natural 
ecosystem recruitment 
and that it is 
comparable to that of 
the local remnant 
vegetation 

No./area 30 19 15 15 30 38 73 2 2 4 19 

shrubs and 
juvenile trees 

1.5 - 2m in 
height 

  

The number of shrubs 
or juvenile trees 1.5-
2m in height provides 
an indication of 
establishment 
success, growth 
and/or natural 
ecosystem recruitment 
and that it is 
comparable to that of 
the local remnant 
vegetation 

No./area 18 3 7 3 18 6 15 3 2 1 7 

shrubs and 
juvenile trees 
>2m in height 

The number of shrubs 
or juvenile trees >2m 
in height provides an 
indication of 
establishment 
success, growth 
and/or natural 
ecosystem recruitment 
and that it is 
comparable to that of 
the local remnant 
vegetation 

  No./area 1 10 20 1 20 14 1 2 0 0 0 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

Ecosystem 
structure 

The vegetation is 
developing 
vertical structure 
and complexity 
comparable to 
that of the local 
remnant 
vegetation 

Foliage cover         
0.5 - 2 m 

Projected foliage 
cover provided by 
perennial plants in the 
0.5 - 2m vertical height 
stratum indicates the 
community structure is 
comparable to that of 
the local remnant 
vegetation 

  % cover 4 12 9 4 12 2 10 7 3 0 5 

Foliage cover              
2 - 4m 

  

Projected foliage cover 
provided by perennial 
plants in the 2 - 4m 
vertical height stratum 
indicates the 
community structure is 
comparable to that of 
the local remnant 
vegetation 

% cover 4 0 14 0 14 0 0 0 0 0 0 

Foliage cover              
4 - 6m 

  

Projected foliage cover 
provided by perennial 
plants in the 4 -6m 
vertical height stratum 
indicates the 
community structure is 
comparable to that of 
the local remnant 
vegetation 

% cover 0 3 16 0 16 0 0 0 0 0 0 

Foliage cover 
>6m 

  

Projected foliage cover 
provided by perennial 
plants > 6m vertical 
height stratum 
indicates the 
community structure is 
comparable to that of 
the local remnant 
vegetation 

% cover 0 18 8 0 18 0 0 0 0 0 0 

Tree diversity Vegetation 
contains a 
diversity of 
maturing tree and 
shrubs species 
comparable to 
that of the local 
remnant 
vegetation 

Tree diversity   

The diversity of trees 
or shrubs with a stem 
diameter >5cm is 
comparable to the 
local remnant 
vegetation. Species 
used in rehabilitation 
will be endemic to the 
local area 

species/area 4 6 7 4 7 1 0 0 0 0 0 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

The percentage of 
maturing trees and 
shrubs with a stem 
diameter >5cm dbh 
which are local 
endemic species, and 
these percentages are 
comparable to the 
local remnant 
vegetation 

  % 100 100 100 100 100 100 0 0 0 0 0 

Tree density Vegetation 
contains a density 
of maturing tree 
and shrubs 
species 
comparable to 
that of the local 
remnant 
vegetation 

Tree density 

The density of shrubs 
or trees with a stem 
diameter > 5cm is 
comparable to that of 
the local remnant 
vegetation   

No./area 20 12 34 12 34 4 0 0 0 0 0 

Average dbh   

Average tree diameter 
of the tree population 
provides a measure of 
age, (height) and 
growth rate and that it 
is trending towards 
that of the local 
remnant vegetation. 

cm 12 21 10 10 21 6 0 0 0 0 0 

Ecosystem 
health 

The vegetation is 
in a condition 
comparable to 
that of the local 
remnant 
vegetation. 

Live trees 

The percentage of the 
tree population which 
are live individuals, 
and that the 
percentage is 
comparable to the 
local remnant 
vegetation 

  % population 70.0 91.7 91.2 70 92 100 0 0 0 0 0 

Healthy trees 

The percentage of the 
tree population which 
are in healthy 
condition and that the 
percentage is 
comparable to the 
local remnant 
vegetation 

  % population 10 8.3 5.9 6 10 0 0 0 0 0 0 

Medium health   

The percentage of the 
tree population which 
are in a medium health 
condition and that the 
percentage is 
comparable to the 
local remnant 
vegetation 

% population 40.0 50.0 61.8 40 62 100 0 0 0 0 0 
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Rehabilitation 
Phase 

Aspect or 
ecosystem 
component 

Completion 
criteria 

Performance 
Indicators 

Primary Performance 
Indicators 

Description 

Secondary 
Performance 

Indicators 
Description 

Unit of 
measurement 

(desirable) R
ef

 0
1 

R
ef

 0
2 

R
ef

 0
3 Box Woodland 

ecosystem KPI 
range 2020 

Mill 2 TSF OS PVP1 PVP2 PVP3 

Advanced 
dieback 

  

The percentage of the 
tree population which 
are in a state of 
advanced dieback and 
that the percentage is 
less than or 
comparable to the 
local remnant 
vegetation 

<% population 20.0 33.3 23.5 20 33 0 0 0 0 0 0 

Dead Trees   

The percentage of the 
tree population which 
are dead (stags), and 
that the percentage is 
less than or 
comparable to the 
local remnant 
vegetation 

<% population 30 8.3 8.8 8 30 0 0 0 0 0 0 

Mistletoe   

The percentage of the 
tree population which 
have mistletoe 
provides an indication 
of community health 
and habitat value and 
that the percentage is 
comparable to the 
local remnant 
vegetation 

% population 5.0 8.3 0.0 0 8 0 0 0 0 0 0 

Flowers/fruit: 
Trees 

The presence of 
reproductive 
structures such as 
buds, flowers or fruit 
provides evidence that 
the ecosystem is 
maturing, capable of 
recruitment and can 
provide habitat 
resources comparable 
to that of the local 
remnant vegetation 

  % population 10 33.3 14.7 10 33 0 0 0 0 0 0 

Hollows   

The percentage of the 
tree population which 
have hollows provides 
an indication of the 
habitat value and that 
the percentage is 
comparable to the 
local remnant 
vegetation 

% population 0.0 0.0 2.9 0 3 0 0 0 0 0 0 
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8 Conclusion 
 
Presently the rehabilitation sites have low total ground cover and there is a lack of or low abundance of 
cryptogams which may be linked to the relative structural instability, as the results of the soil analyses continue 
to indicate adverse soil chemistry and high levels of salts and heavy metals. The levels of contaminants have also 
increased in the PVP areas probably as a result of wind-borne dust, suggesting improved dust suppression 
management is required. At Mill 2, the area has very high levels of salts and heavy metal contaminants as it  
continues to be subjected to run-off from the processing mill and is unlikely to improve in the short-term without 
significant intervention. 
 
The OS rehabilitation site requires additional amelioration via methods such as capping and/or placement of 
healthy topsoil. Previous trials at CSA indicated that soil contaminants are capable of leaching upward via capillary 
processes and requires intervention. This may include the capping of the contaminated soils with NAF waste rock, 
use of geotechnical fabric and/or clay capping followed by the placement of ‘healthy topsoil’. Trials and liaison 
with other local mines or geotechnical experts to determine outcomes of any similar trials or treatments is 
recommended. Complete removal of unsuitable surface material and its replacement with more suitable topsoil 
material may also be a viable option in some areas where this is possible. 
 
Testing of waste rock materials and topsoils prior to application on rehabilitation areas should also be undertaken 
to ensure suitable substrates are used prior to spreading onto rehabilitation areas. The TSF sites and areas on 
the lower batters of the wider OS area appear to be establishing well with large pockets of cryptogams becoming 
established thus indicating suitable soil conditions and these are stable and appear to be developing well. There 
were also scattered shrub seedlings voluntarily establishing across the site, however soil contamination may be 
an ongoing issue which will require monitoring. The addition of Large Woody Debris (LWD) and brush matting is 
encouraged it need not be in such high densities such as those on OS. 
 
Many of the targets associated with structural complexity and ground cover composition were also not met and 
these are related to low tree and shrub densities and low levels of perennial ground covers. While these are in 
part due of the relatively young age of the rehabilitation areas, these attributes could be improved via the 
implementation of a seeding program after suitable substrate management has been achieved, which should aim 
to provide species which will mimic the reference sites once they have become established. While many 
rehabilitation areas have been naturally regenerating, rehabilitation outcomes could be improved by applying a 
selection of local native tree, shrub, herb and grass seed and a seed collection program should be considered.  
 
The long-term success of the woodland rehabilitation and its ability to meet completion targets will largely depend 
on the capacity of the native perennial plants to drive the ecological function and integrity of the rehabilitated sites. 
The establishment of native perennial plants in rehabilitation sites should therefore be a primary rehabilitation 
objective. Due to clearing and over grazing, many native colonising species have become established in 
uncharacteristically high densities in the Cobar rangelands and are referred to as Invasive Native Species (INS). 
However, habitat traits of INS could be used to accelerate the development of woodland rehabilitation 
communities, providing the sites remain free from ongoing disturbances. Site stabilisation and recovery may be 
fast tracked by applying high seeding densities of short-lived colonising species such acacia, senna and 
dodonaea combined with lower seeding densities of long-lived eucalypt and callitris species.  
 
Other later successional species such as native perennial grasses and ground covers should also be included, 
however many are likely to establish voluntarily from the soil seed bank and/or other natural dispersal 
mechanisms. Colonising species will naturally decline from the community once the site has reached a particular 
successional stage; however it is crucial the areas remain free from ongoing disturbances such as unmanaged 
grazing, therefore exclusion fencing is required. Additional ecological targets and conservation objectives can be 
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achieved by introducing missing structural components, such as tree hollows for nesting sites in order to satisfy 
completion criteria targets where required. 
 
The PVP program aimed to improve floristic diversity by reducing the impacts of Invasive Native Scrub (INS). The 
program aimed to create minimal ground disturbance, whilst retaining non-INS species. The plan also aimed to 
preserve biodiversity by ensuring that patches of large trees, drainage lines etc. are retained. Intensive monitoring 
of the PVP sites over the past four years has indicated that extensive disturbance of the remnant woodland via 
direct clearing has occurred, thus significantly reducing the structural complexity and diversity of the local 
woodland vegetation.  The large-scale clearing has not only removed colonising shrubs but also mature habitat 
trees, ground cover plants and a range of organic material, which are vital in creating protective microclimates, 
buffering against extremes in temperatures and providing germination niches. In addition, the clearing process 
has also resulted in the reduction in the cover abundance and diversity of ground cover plants and subsequently 
has resulted in a net loss of biodiversity and ecological function.  
 
The loss of plants and organic materials has led to the development of particularly hard and compacted soils 
which have a limited ability to support plant establishment of desirable grass species, particularly when there is a 
lack of extant populations from which seeding material is required. The disturbance created has only encouraged 
a new generation of INS species, with scattered Eremophila and senna species already establishing across the 
disturbed areas and continued overgrazing and disturbances created by feral animals will limit the potential for 
herbaceous ground covers to establish. 
 
The soils in the PVP sites continue to be extremely hard and compacted (amongst the hardest soils we have ever 
encountered), and while cryptogams had begun to establish in pockets however these were also being impacted 
on by animal tracks and overgrazing and few were recorded this year. While three years of drought has probably 
decreased the recovery rates of these cleared areas, they remain exposed to unmanaged grazing especially by 
feral goats. The impacts of grazing on the recovery of PVP cleared areas could be quantified via the establishment 
of grazing exclusion fences (~50x 20m) in PVP cleared areas.  
 
Fencing which aims to exclude grazing by feral goats from all sensitive rehabilitation areas, in conjunction with 
controlling the goat populations in the local area should continue to be a high management priority.  
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9 Summary of management recommendations 
 
Exclusion of grazing from the rehabilitation sites and the addition of rock and organic materials such as woody 
material and straw/hay products has immediately increased the patch area and ecological function of the 
rehabilitation sites, and this has been demonstrated by the monitoring data. The long-term sustainability of 
rehabilitated communities, however, will require the successful establishment of native perennial vegetation 
including a diversity of native trees, shrubs, grasses and herbs, in densities similar to the local woodland 
communities and require suitable substrates and healthy soil chemistry. Successful woodland rehabilitation at 
CSA may be achieved by implementing some important revegetation strategies which include: 

• Test waste rock materials and soils prior to application on rehabilitation areas; 

• Implement topsoil stockpile management strategies, to ensure “healthy” topsoil is protected and 
used appropriately on rehabilitation areas; 

• Soils with elevated levels of salts and heavy metals may require additional amelioration, capping 
and placement of healthy topsoil, or removal of unsuitable surface material and its replacement with 
more suitable topsoil material; 

• Fence off rehabilitation areas to exclude grazing by feral goats; 

• Distribute large woody material in lower densities across the rehabilitation sites; 

• Establish three exclusion areas (50 x 20m) near existing PVP monitoring sites to exclude grazing by 
feral goats within the cleared PVP areas to quantify the impact of grazing on the ecological function 
and rate of recovery after clearing; 

• Use a selection of local native woodland species, especially those with natural colonising traits and 
implement a seed collection program; 

• Apply high seeding densities of short-lived colonising INS species such, acacia, senna and 
dodonaea combined with lower densities of eucalypts on new rehabilitation areas; 

• Avoid any future PVP clearing; and  
• Continue to monitor and control goat populations.   
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Appendix 1. GPS coordinates of the woodland monitoring sites 
 
Reference sites. 

Site LFA Start LFA Finish LFA 
slope° 

LFA 
bearing° 

Veg transect 
start 

Veg transect 
finish 

Veg  transect 
bearing° 

Ref 01 
 

55386742 
6527746 

55386745 
6527765 

2 358 55386743 
6527756 

55386791 
6527743 

90 

Ref 02 
 

55392474 
6524669 

55392457 
6524673 

1 270 55392466 
6524671 

55392470 
65224721 

358 

Ref 03 55391242 
6521328 

55391227 
6521344 

2 290 55391229 
6521338 

55391261 
6521377 

20 

 
Rehabilitation sites. 

Site LFA Start LFA Finish LFA 
slope° 

LFA 
bearing° 

Veg transect 
start 

Veg transect 
finish 

Veg  transect 
bearing° 

Mill 2 55386126; 
6524128 

55386135; 
6524160 

2 144 Same as LFA 55386134; 
6524161 

144 

OS 55385661; 
6524860 

55385642; 
6524862 

7 269 55385651; 
6524860 

55385657; 
6524910 

359 
 

TSF 55388198; 
6523804 

55388195; 
6523794 

10 196 55388197; 
6523799 

55388151; 
6523813 

278 

PVP1 55386628 
6525523 

55386647 
6525533 

1 53 55386637 
6525529 

55386661 
6525483 

146 

PVP2 55386767 
6524940 

55386780 
6524955 

0 33 55386773 
6524949 

55386809 
6524912 

126 

PVP3 55387296 
6524898 

55387311 
6524913 

0 34 55387304 
6524905 

55687338 
6524868 

125 
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Appendix 2. Flora species recorded in the CSA monitoring sites in 2020. 
Note “1” denotes the presence of that species and is not a measure of cover abundance 
Key to habit: t = tree, S = shrub, ss = sub shrub, h = herb, g = grass, v = vine, f = fern, r = reed/rush 
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Coniferopsida Cupressaceae   Callitris glaucophylla White Cypress Pine t 1                 

Dicotyledon Amaranthaceae   Ptilotus gaudichaudii var. gaudichaudii Paper Foxtail h 1 1 1             

Dicotyledon Amaranthaceae   Ptilotus obovatus Silvertails h 1 1 1           1 

Dicotyledon Apiaceae   Daucus glochidiatus Australian Carrot h 1 1 1 1 1 1 1     

Dicotyledon Apocynaceae   Parsonsia eucalyptophylla Gargaloo v 1 1               

Dicotyledon Asteraceae   Actinobole uliginosum Flannel Cudweed h         1         

Dicotyledon Asteraceae   Brachyscome lineariloba Hard-headed Daisy h           1       

Dicotyledon Asteraceae   Calotis cuneifolia Purple Burr Daisy h 1 1 1   1 1 1 1 1 

Dicotyledon Asteraceae   Calotis hispidula Bogan Flea h 1 1 1   1 1 1 1 1 

Dicotyledon Asteraceae   Calotis lappulacea Yellow Burr Daisy h 1 1 1 1 1 1 1 1 1 

Dicotyledon Asteraceae * Carthamus lanatus Saffron Thistle h           1       

Dicotyledon Asteraceae * Centaurea melitensis Maltese Cockspur h   1     1 1       

Dicotyledon Asteraceae   Chrysocephalum apiculatum Common Everlasting h 1         1       

Dicotyledon Asteraceae * Hedypnois rhagadioloides subsp. cretica Cretan Weed h       1   1       

Dicotyledon Asteraceae   Hyalosperma semisterile Orange Sunray h 1 1 1       1   1 

Dicotyledon Asteraceae * Hypochaeris glabra Smooth Catsear h         1 1       

Dicotyledon Asteraceae   Isoetopsis graminifolia Grass Cushion h 1 1 1   1 1 1   1 

Dicotyledon Asteraceae * Lactuca saligna Wild Lettuce h       1           

Dicotyledon Asteraceae   Leptorhynchos squamatus Scaly Buttons h     1             

Dicotyledon Asteraceae   Leptorhynchos tetrachaetus Beauty Buttons h 1                 

Dicotyledon Asteraceae   Minuria leptophylla Minnie Daisy h   1 1     1       

Dicotyledon Asteraceae   Rhodanthe floribunda Common White Sunray h   1 1 1   1 1 1 1 

Dicotyledon Asteraceae   Rhodanthe pygmaea Pigmy Sunray h         1 1       

Dicotyledon Asteraceae * Sonchus asper Prickly Sowthistle h       1           

Dicotyledon Asteraceae * Sonchus oleraceus Milk Thistle h       1   1       

Dicotyledon Asteraceae   Stuartina muelleri Spoon Cudweed h         1         

Dicotyledon Asteraceae   Triptilodiscus pygmaeus Austral Sunray h     1       1   1 
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Dicotyledon Asteraceae   Vittadinia cuneata Fuzzweed h             1     

Dicotyledon Asteraceae   Vittadinia gracilis A Fuzzweed h           1       

Dicotyledon Asteraceae   Vittadinia sulcata A Fuzzweed h   1 1     1       

Dicotyledon Asteraceae   Xerochrysum bracteatum Golden Everlasting h   1 1 1 1         

Dicotyledon Boraginaceae * Echium plantagineum Paterson's Curse h   1 1     1       

Dicotyledon Brassicaceae * Carrichtera annua Wards Weed h   1       1       

Dicotyledon Brassicaceae   Cuphonotus humistratus Mother-of-Misery h 1 1               

Dicotyledon Brassicaceae   Lepidium oxytrichum Green Peppercress h 1       1         

Dicotyledon Brassicaceae * Sisymbrium erysimoides Smooth Mustard h   1               

Dicotyledon Brassicaceae * Sisymbrium irio London Rocket h       1 1 1       

Dicotyledon Brassicaceae * Sisymbrium orientale Indian Hedge Mustard h   1   1   1       

Dicotyledon Campanulaceae   Wahlenbergia spp. Bluebell h   1     1 1 1     

Dicotyledon Capparidaceae   Apophyllum anomalum Warrior Bush s     1             

Dicotyledon Chenopodiaceae   Atriplex semibaccata Creeping Saltbush ss         1 1       

Dicotyledon Chenopodiaceae   Atriplex stipitata Mallee Saltbush ss   1               

Dicotyledon Chenopodiaceae   Chenopodium desertorum subsp. desertorum   ss   1 1             

Dicotyledon Chenopodiaceae   Dysphania melanocarpa Black Crumbweed h         1   1 1 1 

Dicotyledon Chenopodiaceae   Einadia nutans Climbing Saltbush h 1     1     1     

Dicotyledon Chenopodiaceae   Enchylaena tomentosa Ruby Saltbush ss 1 1 1     1     1 

Dicotyledon Chenopodiaceae   Maireana enchylaenoides Wingless Fissure Weed h               1   

Dicotyledon Chenopodiaceae   Maireana spp.   ss   1         1   1 

Dicotyledon Chenopodiaceae   Maireana villosa Blue Pearlbush ss 1                 

Dicotyledon Chenopodiaceae   Sclerolaena birchii Galvanised Burr ss         1 1 1 1 1 

Dicotyledon Chenopodiaceae   Sclerolaena diacantha Grey Copperburr ss 1 1 1   1 1 1 1 1 

Dicotyledon Chenopodiaceae   Sclerolaena parviflora Mallee Copperburr ss         1         

Dicotyledon Chenopodiaceae   Sclerolaena stelligera Star Copperburr ss 1                 

Dicotyledon Convolvulaceae   Convolvulus erubescens Australian Bindweed h   1 1 1 1 1 1 1 1 

Dicotyledon Convolvulaceae   Dichondra repens Kidney Weed h         1         

Dicotyledon Crassulaceae   Crassula colorata Dense Stonecrop h 1   1 1 1         

Dicotyledon Euphorbiaceae   Euphorbia drummondii Caustic Weed h   1 1 1 1   1 1 1 

Dicotyledon Fabaceae (Caesalpinoideae)   Senna artemisioides subsp filifolia Punty Bush s   1   1 1 1 1     
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Dicotyledon Fabaceae (Caesalpinoideae)   Senna artemisioides subsp. X artemisioides Silver Cassia s 1     1 1 1 1   1 

Dicotyledon Fabaceae (Caesalpinoideae)   Senna artemisioides subsp. x coriacea   s       1           

Dicotyledon Fabaceae (Caesalpinoideae)   Senna artemisioides subsp. x petiolaris Woody Cassia s     1             

Dicotyledon Fabaceae (Caesalpinoideae)   Senna artemisioides subsp. zygophylla Senna s 1 1 1 1 1 1 1   1 

Dicotyledon Fabaceae (Faboideae) * Medicago laciniata Cut-leaf Medic h 1 1 1 1   1 1 1 1 

Dicotyledon Fabaceae (Faboideae) * Medicago minima Small Woolly Burr Medic h         1   1     

Dicotyledon Fabaceae (Faboideae)   Swainsona spp.   h           1       

Dicotyledon Fabaceae (Mimosoideae)   Acacia aneura Mulga s 1   1 1 1   1     

Dicotyledon Fabaceae (Mimosoideae)   Acacia excelsa Ironwood t   1 1           1 

Dicotyledon Geraniaceae   Erodium crinitum Blue Storksbill h 1 1 1 1 1 1 1 1 1 

Dicotyledon Goodeniaceae   Goodenia fascicularis   h 1 1 1   1 1 1 1 1 

Dicotyledon Goodeniaceae   Goodenia pinnatifida Scrambled Eggs h     1             

Dicotyledon Goodeniaceae   Goodenia pusilliflora Small-flowered Goodenia h                 1 

Dicotyledon Goodeniaceae   Scaevola spinescens Prickly Fan Flower s           1       

Dicotyledon Goodeniaceae   Velleia paradoxa Spur Velleia h   1 1   1 1 1   1 

Dicotyledon Lamiaceae * Salvia verbenaca Wild Sage h   1       1       

Dicotyledon Linaceae   Linum marginale Native Flax h         1 1       

Dicotyledon Malvaceae   Abutilon fraseri Dwarf Lantern-flower ss     1   1         

Dicotyledon Malvaceae   Abutilon otocarpum Desert Chinese Lantern ss 1 1 1   1 1 1 1 1 

Dicotyledon Malvaceae   Sida ammophila   h 1                 

Dicotyledon Malvaceae   Sida corrugata Corrugated Sida h   1           1   

Dicotyledon Malvaceae   Sida cunninghamii Ridge Sida h     1     1 1 1 1 

Dicotyledon Malvaceae   Sida sp. B sensu Harden A Sida h   1 1             

Dicotyledon Myoporaceae   Eremophila deserti Turkey Bush s   1 1   1 1 1     

Dicotyledon Myoporaceae   Eremophila glabra Tarbush s   1 1     1       

Dicotyledon Myoporaceae   Eremophila longifolia Emubush s 1 1 1 1   1     1 

Dicotyledon Myoporaceae   Eremophila mitchellii Budda s 1 1 1   1 1 1   1 

Dicotyledon Myoporaceae   Eremophila serrulata Green Fuchsia-bush s 1   1     1       

Dicotyledon Myoporaceae   Eremophila sturtii Turpentine s   1 1   1 1 1 1 1 

Dicotyledon Myoporaceae   Myoporum montanum Western Boobialla s       1           

Dicotyledon Myrtaceae   Eucalyptus intertexta Gum Coolibah t   1 1 1   1       
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Dicotyledon Myrtaceae   Eucalyptus populnea Bimble Box t   1 1 1           

Dicotyledon Oxalidaceae   Oxalis perennans Yellow Wood-sorrel h     1   1   1     

Dicotyledon Pittosporaceae   Pittosporum angustifolium Butterbush s       1           

Dicotyledon Plantaginaceae   Plantago turrifera Small Sago Weed h     1   1         

Dicotyledon Portulacaceae   Calandrinia eremaea Purslane h 1       1         

Dicotyledon Primulaceae * Lysimachia arvensis Scarlet Pimpernel h         1 1     1 

Dicotyledon Rubiaceae   Psydrax oleifolia Wild Lemon s       1           

Dicotyledon Rutaceae   Geijera parviflora Wilga t 1 1 1   1 1 1 1   

Dicotyledon Sapindaceae   Alectryon oleifolius Rosewood t     1             

Dicotyledon Sapindaceae   Dodonaea lobulata Lobed Hopbush s 1     1 1         

Dicotyledon Sapindaceae   Dodonaea viscosa subsp. angustissima Narrow-leaf Hopbush s       1           

Dicotyledon Sapindaceae   Dodonaea viscosa subsp. cuneata Wedge-leaf Hopbush s       1           

Dicotyledon Sapindaceae   Dodonaea viscosa subsp. mucronata A Hopbush s   1 1 1   1       

Dicotyledon Solanaceae   Solanum cinereum Narrawa Burr h       1           

Dicotyledon Solanaceae   Solanum ellipticum Velvet Potato Bush h         1         

Dicotyledon Solanaceae   Solanum esuriale Quena h   1               

Dicotyledon Solanaceae   Solanum ferocissimum Spiny Potato Bush h   1               

Dicotyledon Solanaceae * Solanum nigrum Blackberry Nightshade h         1         

Dicotyledon Thymelaeaceae   Pimelea microcephala Shrubby Rice Flower s     1             

Dicotyledon Urticaceae   Parietaria debilis Native Pellitory h         1         

Monocotyledon Asphodelaceae   Bulbine semibarbata Leek Lily h         1       1 

Monocotyledon Poaceae   Austrostipa scabra Speargrass g 1 1 1   1 1 1 1 1 

Monocotyledon Poaceae   Austrostipa spp. A Speargrass g           1       

Monocotyledon Poaceae   Austrostipa tuckeri Tucker's Spear-grass g 1 1 1             

Monocotyledon Poaceae * Avena fatua Wild Oats g       1           

Monocotyledon Poaceae * Cenchrus ciliaris Buffel Grass g       1           

Monocotyledon Poaceae   Dichanthium sericeum Queensland Bluegrass g       1           

Monocotyledon Poaceae   Digitaria spp.   g   1               

Monocotyledon Poaceae   Enteropogon acicularis Curly Windmill Grass g   1 1             

Monocotyledon Poaceae   Eragrostis spp. Lovegrass g     1             

Monocotyledon Poaceae   Lachnagrostis filiformis Blown Grass g       1           
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Monocotyledon Poaceae * Lolium rigidum Wimmera Ryegrass g       1           

Monocotyledon Poaceae * Megathyrsus maximus Guinea Grass g       1           

Monocotyledon Poaceae   Monachather paradoxus Bandicoot Grass g     1       1   1 

Monocotyledon Poaceae   Paspalidium constrictum Knottybutt Grass g         1         

Monocotyledon Poaceae   Paspalidium sp.   g   1 1       1     

Monocotyledon Poaceae   Rytidosperma spp. Wallaby Grass g   1 1     1       

Monocotyledon Poaceae   Thyridolepis mitchelliana Mulga Mitchell Grass g 1   1             

Monocotyledon Poaceae   Tripogon loliiformis Fiveminute Grass g       1           

Monocotyledon Poaceae * Urochloa panicoides Liverseed Grass g       1           

Monocotyledon Poaceae * Vulpia spp. Rat's-tail Fescue g         1         

Pteridophyta Adiantaceae   Cheilanthes sieberi subsp. sieberi Rock Fern f     1   1         
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Appendix 3. Species cover abundance and community structure of individual rehabilitation sites 
Site Species cover abundance Community structure 
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Appendix 4. 2020 Routine Agricultural Soil Analysis Report  
Soil samples supplied by DnA Environmental on 23/09/2020. Lab Job No.J8690 

      Sample ID: Mill 2 TSF OS PVP1 PVP2 PVP3 Ref 01 Ref 02 Ref 03 

Heavy 
Soil 
Clay 

Medium 
Soil Clay 
Loam 

Light 
Soil 
Loam 

Sandy 
Soil 
Loamy 
Sand 

  Parameter Method reference J8690/11 J8690/9 J8690/10 J8690/12 J8690/13 J8690/14 J8690/15 J8690/16 J8690/17 
Indicative guidelines - refer to Notes 6 

and 8 

  Soluble Calcium (mg/kg) 

**Inhouse S10 - Morgan 1 

5,904 6,389 1,301 679 557 416 281 852 482 1150 750 375 175 

  Soluble Magnesium (mg/kg) 164 578 505 127 150 138 67 158 151 160 105 60 25 

  Soluble Potassium (mg/kg) 175 233 138 265 246 225 119 267 187 113 75 60 50 

  Soluble Phosphorus (mg/kg) 2.6 1.6 <1 <1 <1 <1 <1 <1 <1 15 12 10 5.0 

  

Phosphorus (mg/kg P) 

**Rayment & Lyons 2011 - 9E2 (Bray 1) 69 4.0 14 6.6 8.2 6.4 7.3 6.0 6.8 45note 8 30note 8 24note 8 20note 8 

  **Rayment & Lyons 2011 - 9B2 (Colwell) 123 8.2 17 14 18 12 13 11 14 80 50 45 35 

  **Inhouse S3A (Bray 2) 139 5.8 17 9.1 9.6 7.1 7.7 6.5 8.0 90note 8 60note 8 48note 8 40note 8 

  Nitrate Nitrogen (mg/kg N) 

**Inhouse S37 (KCl) 

44 0.79 108 50 51 6.2 0.49 0.72 0.50 15 13 10 10 

  Ammonium Nitrogen (mg/kg N) 8.2 2.6 38 11 7.5 2.3 1.8 2.1 3.9 20 18 15 12 

  Sulfur (mg/kg S) 841 101 1,793 33 47 14 3.5 3.4 3.1 10.0 8.0 8.0 7.0 

  pH  Rayment & Lyons 2011 - 4A1 (1:5 Water) 6.81 8.27 3.75 5.31 5.09 5.57 5.43 6.86 6.14 6.5 6.5 6.3 6.3 

  Electrical Conductivity (dS/m) Rayment & Lyons 2011 - 3A1  (1:5 Water) 1.038 0.250 1.909 0.150 0.268 0.044 0.013 0.033 0.019 0.200 0.150 0.120 0.100 

  Estimated Organic Matter (% OM) **Calculation: Total Carbon x 1.75 2.9 1.9 2.1 3.2 2.0 1.9 1.7 1.8 1.9 > 5.5 >4 .5 > 3.5 > 2.5 

  

Exchangeable Calcium  

(cmol+/kg) 

Rayment & Lyons 2011 - 15D3  
(Ammonium Acetate) 

20 19 7.6 5.2 4.3 3.2 2.1 7.3 3.9 15.6 10.8 5.0 1.9 

  (kg/ha) 9,057 8,672 3,430 2,348 1,932 1,440 927 3,269 1,756 7000 4816 2240 840 

  (mg/kg) 4,043 3,871 1,531 1,048 862 643 414 1,459 784 3125 2150 1000 375 

  

Exchangeable Magnesium  

(cmol+/kg) 1.3 2.9 4.9 1.4 1.6 1.5 0.70 1.8 1.7 2.4 1.7 1.2 0.60 

  (kg/ha) 361 789 1,321 392 436 410 192 495 464 650 448 325 168 

  (mg/kg) 161 352 590 175 195 183 86 221 207 290 200 145 75 

  Exchangeable Potassium  (cmol+/kg) 0.86 0.81 0.75 1.3 1.2 1.1 0.54 1.3 0.92 0.60 0.50 0.40 0.30 
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      Sample ID: Mill 2 TSF OS PVP1 PVP2 PVP3 Ref 01 Ref 02 Ref 03 

Heavy 
Soil 
Clay 

Medium 
Soil Clay 
Loam 

Light 
Soil 
Loam 

Sandy 
Soil 
Loamy 
Sand 

  (kg/ha) 756 707 658 1,153 1,007 964 469 1,147 807 526 426 336 224 

  (mg/kg) 337 315 294 515 450 431 209 512 360 235 190 150 100 

  

Exchangeable Sodium  

(cmol+/kg) 0.22 0.10 <0.065 <0.065 0.12 <0.065 <0.065 <0.065 <0.065 0.3 0.26 0.22 0.11 

  (kg/ha) 114 50 <33 <33 64 <33 <33 <33 <33 155 134 113 57 

  (mg/kg) 51 22 <15 <15 29 <15 <15 <15 <15 69 60 51 25 

  

Exchangeable Aluminium  

(cmol+/kg) 

**Inhouse S37 (KCl) 

<0.01 <0.01 3.2 0.01 0.03 0.04 0.40 <0.01 <0.01 0.6 0.5 0.4 0.2 

  (kg/ha) 1.6 <1 639 2.5 5.5 8.9 80 1.0 1.9 121 101 73 30 

  (mg/kg) <1 <1 285 1.1 2.5 4.0 36 <1 <1 54 45 32 14 

  

Exchangeable Hydrogen  

(cmol+/kg) 

**Rayment & Lyons 2011 - 15G1  
(Acidity Titration) 

<0.01 <0.01 1.1 0.09 0.06 0.05 0.14 <0.01 0.07 0.6 0.5 0.4 0.2 

  (kg/ha) <1 <1 24 2.0 1.3 1.1 3.1 <1 1.5 13 11 8 3 

  (mg/kg) <1 <1 11 <1 <1 <1 1.4 <1 <1 6 5 4 2 

  
Effective Cation Exchange Capacity  
(ECEC) (cmol+/kg) 

**Calculation:  
Sum of Ca,Mg,K,Na,Al,H (cmol+/kg) 

23 23 18 8.1 7.3 5.9 3.9 10 6.7 20.1 14.3 7.8 3.3 

  Calcium (%) 

**Base Saturation Calculations -   
Cation cmol+/kg / ECEC x 100 

89 84 44 64 59 54 53 70 59 77.6 75.7 65.6 57.4 

  Magnesium (%) 5.9 13 28 18 22 25 18 17 26 11.9 11.9 15.7 18.1 

  Potassium (%) 3.8 3.5 4.3 16 16 19 14 13 14 3.0 3.5 5.2 9.1 

  Sodium - ESP (%) 0.98 0.42 0.35 0.48 1.7 0.46 1.1 0.14 0.94 1.5 1.8 2.9 3.3 

  Aluminium (%) 0.04 0.02 18 0.15 0.38 0.75 10 0.05 0.14 

6.0 7.1 10.5 12.1 

  Hydrogen (%) 0.00 0.00 6.1 1.1 0.80 0.81 3.5 0.00 0.99 

  Calcium/Magnesium Ratio 
**Calculation: Calcium / Magnesium 

(cmol+/kg) 
15 6.7 1.6 3.6 2.7 2.1 2.9 4.0 2.3 6.5 6.4 4.2 3.2 

  Zinc (mg/kg) 

Rayment & Lyons 2011 - 12A1 (DTPA) 

263 3.8 169 81 23 3.0 0.78 0.59 0.64 6.0 5.0 4.0 3.0 

  Manganese (mg/kg) 2.9 4.5 44 70 32 15 11 12 12 25 22 18 15 

  Iron (mg/kg) 7.9 6.4 22 38 40 20 40 12 17 25 22 18 15 

  Copper (mg/kg) 316 3.6 26 22 15 3.9 1.8 1.1 1.5 2.4 2.0 1.6 1.2 
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      Sample ID: Mill 2 TSF OS PVP1 PVP2 PVP3 Ref 01 Ref 02 Ref 03 

Heavy 
Soil 
Clay 

Medium 
Soil Clay 
Loam 

Light 
Soil 
Loam 

Sandy 
Soil 
Loamy 
Sand 

  Boron (mg/kg) **Rayment & Lyons 2011 - 12C2 (Hot CaCl2) 0.73 0.68 1.7 0.89 1.1 0.76 0.39 0.94 0.52 2.0 1.7 1.4 1.0 

  Silicon (mg/kg Si) **Inhouse S11 (Hot CaCl2) 16 43 52 42 64 45 31 38 45 50 45 40 35 

  Total Carbon (%) 

 Inhouse S4a (LECO Trumac Analyser) 

1.7 1.1 1.2 1.9 1.1 1.1 0.98 1.1 1.1 > 3.1 > 2.6 > 2.0 > 1.4 

  Total Nitrogen (%) 0.10 0.07 0.10 0.12 0.08 0.07 0.06 0.08 0.07 > 0.30 > 0.25 > 0.20 > 0.15 

  Carbon/Nitrogen Ratio **Calculation: Total Carbon/Total Nitrogen 16 16 12 15 14 15 15 13 15 10–12 10–12 10–12 10–12 

  Basic Texture 

**Inhouse S65 

Loam Loam Loam Loam Loam Loam Loam Loam Loam .. .. .. .. 

  Basic Colour Brownish Brownish Brownish Brownish Brownish Brownish Brownish Brownish Brownish .. .. .. .. 

  Chloride Estimate (equiv. mg/kg) **Calculation: Electrical Conductivity x 640 664 160 1,222 96 172 28 8.2 21 12 .. .. .. .. 

 

Notes:          
   

    
1. All results presented as a 40°C oven dried weight. Soil sieved and lightly crushed to < 2 mm.   

2. Methods from Rayment and Lyons, 2011. Soil Chemical Methods - Australasia.CSIRO Publishing: Collingwood. 
3. Soluble Salts included in Exchangeable Cations - NO PRE-WASH (unless requested).     

4. 'Morgan 1 Extract' adapted from 'Science in Agriculture', 'Non-Toxic Farming' and LaMotte Soil Handbook.  

5. Guidelines for phosphorus have been reduced for Australian soils.     

6. Indicative guidelines are based on 'Albrecht' and 'Reams' concepts.     

7. Total Acid Extractable Nutrients indicate a store of nutrients.     

8. National Environmental Protection (Assessment of Site Contamination) Measure 2013,      

    Schedule B(1) - Guideline on Investigation Levels for Soil and Groundwater. Table 5-A Background Ranges.  

9. Information relating to testing colour codes is available on sheet 2 - 'Understanding your agricultural soil results'. 
10. Conversions for 1 cmol+/kg  = 230 mg/kg Sodium, 390 mg/kg Potassium,     

  122 mg/kg Magnesium, 200 mg/kg Calcium     

11. Conversions to kg/ha = mg/kg x 2.24      

12. The chloride calculation of Cl mg/L = EC x 640  is considered an estimate, and most likely an over-estimate  

13. ** NATA accreditation does not cover the performance of this service.     

14. Analysis conducted between sample arrival date and reporting date.     

15. This report is not to be reproduced except in full. Results only relate to the item tested.     
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16. All services undertaken by EAL are covered by the EAL Laboratory Services Terms and Conditions (refer scu.edu.au/eal). 

17. This report was issued on 02/10/2020.    
  

        

Quality Checked: Kris 
Saville 

 
 
 

      

Agricultural Co-Ordinator       
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