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3.5.2.2 Energy Consumption During Construction and Operation 

Until the powerline is constructed and operational, power for the Project will be supplied by diesel 

generator sets located on the Project site. There will be four generators in total. 1.5 MVA and 1.0 

MVA units will be located near the accommodation camp and two 1.0 MVA units will be located at the 

mine and processing area. These diesel generator sets are proposed to only be used in the first two 

years of construction and start up until the site is added to the Mount Isa electricity grid. 

The peak power requirement for the Project is anticipated to be 33 MW of installed electrical power. 

The consumption of energy from components of the Project is shown in Table 3.23 and is displayed 

graphically in Figure 3.40. The processing plants and the underground mine draw the majority of the 

power with offices, workshops, the accommodation camp and other usage, minor in comparison. The 

total electrical energy requirement per year in Gigawatt hours (GWh) ranges from 8.4 GW hours in the 

first year of construction to 326.9 GW hours in the later years of operations. 

3.5.2.3 Greenhouse Gas Management and Energy Conservation 

As part of the Australian Government’s comprehensive Climate Change Strategy, the NGER Act was 

passed in September 2007 and establishes a mandatory corporate reporting system for greenhouse 

gas emissions, energy consumption and production. Under the NGER Act corporations are required 

to register and report if they emit greenhouse gases, produce energy or consume energy at or above 

the specified thresholds if:  

 They control facilities that emit 25 kilotonnes or more of greenhouse gas, or 

produce/consume 100 terajoules or more of energy; or  

 Their corporate group emits 50 kilotonnes or more of greenhouse gas, or produce/consume 

200 terajoules (55.6 GWh) per year, or more of energy by 2010/2011.  

The Dugald River Project will exceed these thresholds. 

The Energy Efficiency Opportunities Act 2006 was passed in April 2006 with the object of improving 

the identification and evaluation of energy efficiency opportunities by large energy using businesses 

and, as a result, to encourage implementation of cost effective energy efficient opportunities. The Act 

requires large energy using businesses to undertake an assessment of their energy efficiency 

opportunities and to report publicly on the outcomes of that assessment. MMG is a registered 

organization under the Energy Efficiency Opportunities Act 2006. 

MMG have developed a Greenhouse Gas Management Plan for the Project which is contained in 

Appendix O and further discussed in Section 4.5. The specific management objectives for the 

Greenhouse Gas Management Plan include the following: 

 To design and construct the Project, where practicable, utilising best practice technologies to 

reduce energy consumption and subsequent greenhouse gas emissions; 

 To improve operations, where practicable, by implementing best practice technologies to 

reduce energy consumption and subsequent greenhouse gas emissions; 

 To regularly measure, monitor, audit and review the effectiveness of greenhouse gas 

emission reduction strategies;  
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 To undertake reporting responsibilities under the NGER Act; and 

 To undertake reporting responsibilities under the Energy Efficiency Opportunities Act 2006. 
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Table 3.23 Energy Consumption per Year (GWh) 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Process Plant 0.0 0.0 90.0 180.0 180.0 213.8 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 247.5 

U/G Mine 5.0 17.8 30.5 37.8 49.7 57.2 62.0 64.3 65.1 65.7 66.1 66.2 66.2 66.2 66.2 66.2 66.2 66.2 66.2 

Village 2.2 5.2 5.4 4.6 6.9 7.1 6.7 6.6 6.7 6.8 6.8 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 

Workshop & Offices 1.1 2.3 2.3 2.3 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 

Other 0.1 0.2 1.1 2.0 2.1 2.5 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 

TOTAL 8.4 25.5 129.3 226.7 242.1 284.0 322.6 324.8 325.7 326.3 326.8 326.9 326.9 326.9 326.9 326.9 326.9 326.9 326.9 

 

 

Figure 3.40 Energy Consumption per Year (GWh) 
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3.5.3 Water Supply and Storage 

3.5.3.1 Water Supply and Water Balance 

The raw water supply for the Project will be supplied from the Lake Julius / Ernest Henry pipeline. The 

pipeline passes to the north of the Project’s mining leases. A take off point was included during 

construction of the line to allow water to be taken for future mining operations in the area around 

Dugald River. 

Figure 3.41 shows the Lake Julius / Ernest Henry pipeline and the proposed Project pipeline route to 

the east of a Mount Rose Bee range of hills.  

 

Figure 3.41 Proposed Water Supply Route 

A conceptual water balance is depicted in Figure 3.42. The average raw water demand from Lake 

Julius will be 692 Ml/yr (86 m
3
/h). This assumes that approximately 50% of the water sent out to the 

TSF in slurry will be able to be decanted and returned at an average rate of 51 m
3
/hr or 549 Ml/y. 

There will be times when there is no decant return available from the TSF and during these times the 

total water requirement for the Project will need to be supplied from Lake Julius (1,094 Ml/yr). The 

connection to the Lake Julius / Ernest Henry pipeline has been designed with sufficient capacity 

(136 m3/h) to provide for this supply. It is planned that water from the stormwater ponds will be 

evaporated and will not be fed into the process circuit or the TSF. However, in extreme circumstances 

following extraordinary rainfall, water from the stormwater ponds may be fed into the process circuit or 

pumped to the TSF to maintain water levels at or below MRL. 
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Figure 3.42 Conceptual Schematic Diagram of Average Project Water Balance
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Figure 3.43 Proposed Dirty and Contaminated Stormwater Storages 
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3.5.4.2 Clean Water Diversions 

Clean water diversion drains are required to the west of the processing plant and mining area to divert 

clean stormwater from the western catchment area to the north and south of the processing and 

mining area. The diversion that flows to the south will discharge to Silvermine Creek and the diversion 

to the north to a northern tributary of Silvermine Creek (Tributary ‘A”). Figure 3.44 shows the standard 

design dimensions for the clean water diversion banks and channels to be constructed on the Project. 

Figure 3.45 shows the location and catchment areas and clean water diversions around the 

processing and mining area.  

The following is of note: 

 All clean water diversion channels will be constructed to contain the 50 year ARI design 

discharge; 

 Where possible, clean water diversion drain structures have been designed to limit flow 

velocities to 1.8 metres per second (m/s) or less for the 50 year ARI design event, however 

due to the steep topography and lack of groundcover vegetation around the mine operations 

area, rock check dams and other energy dissipation and sediment trapping structures will be 

required at regular intervals to limit erosion; 

 All structures should be inspected following significant storm events to ensure the structures 

have been able to sustain flow velocities without causing significant scour; and 

 The construction of DB3-E will depend on the extent of earthworks considered viable for 

construction of diversion banks. If extensive cut and fill is required to form this diversion bank 

then the catchment area of DB3-E will be added to Pond 9. 

 

Figure 3.44 Conceptual Design of Clean Water Diversion Drains
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Figure 3.45 Proposed Clean Surface Water Management Controls 
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3.5.4.3 Stormwater Run-off Modelling 

In the Surface Water Assessment (WRM 2010), two models were used to (a) determine runoff 

volumes from hardstand, stockpile and natural catchment areas, and (b) determine the behaviour of 

the proposed water storages described in Section 3.5.4.1. The full report by WRM is provided in 

Appendix G. 

Meteorological Data 

Rainfall and evaporation data was considered from two long-term and one short-term source: Bureau 

of Meteorology stations, DERM SILO Drill Data and an onsite automatic weather station respectively. 

The SILO Drill Data is a synthetic, continuous daily climate dataset, derived from spatial interpolation 

of observational data. Data from SILO is corrected for missing data and accumulated totals, hence the 

data is more reliable and representative of rainfall and evaporation at the Project Site. The use of 

such a long period of continuous data provides a good indication of the behaviour of various storages 

over extended wet and dry periods. The SILO Drill Data has been used in the surface water balance 

modelling. 

The following is of note from the SILO Drill Data: 

 The average annual rainfall is estimated at 514.3 mm, however the annual rainfalls on the 

Project can vary considerably from year to year. Based on the synthesised 121 years of 

record, the minimum and maximum annual rainfalls are 160.0 mm and 1,410.8 mm 

respectively; 

 A comparison between the average annual rainfall totals obtained from the Cloncurry BOM 

station and the SILO Data Drill indicate that the Project site receives slightly more rainfall than 

Cloncurry; 

 The average monthly rainfalls at the Project site exhibit distinct wet (November to April) and 

dry (May to October) seasons during the year, with a dry season low of 2.4 mm in August to a 

wet season high of 139.9 mm in January. The average number of ‘rain days’ in each month 

also follow a pattern similar to the average monthly rainfalls. There is little or no rainfall 

occurring at the Project site during the dry season months; and 

 The average annual potential evaporation at the Project site is estimated at 3,182 mm which 

is about 6.2 times the average annual rainfall. Evaporation rate varies seasonally, with high 

evaporation rates occurring in the months between October and March. Further, the potential 

evaporation rates during the hotter months are about twice the evaporation rate during the 

cooler months. In addition, average potential evaporation significantly exceeds average 

rainfall for all months of the year. The potential evaporation rates during the cooler months 

are significantly greater (up to 25 - 50 times) than the equivalent average monthly rainfalls. 

The models were run over a 120 year period (1889 to 2010) of daily rainfall data obtained from the 

DERM SILO Data Drill. 

Model Configuration 

The surface water balance modelling considered the following components: 

 Rainfall and evaporation data from the SILO Drill Data – a summary is provided above and 

more detail is available in Appendix G; 
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 Catchment runoff from natural, stockpile and hardstand surfaces – the runoff coefficients 

were calculated to be 0.08 (natural), 0.2 (stockpile) and 0.3 (hardstand); 

 Process water demands – there will be no process water demands on the stormwater dams 

or sediment ponds. All process water demands will be met through a combination of water 

from Lake Julius and the TSF (see Section 3.5.3.1); and 

 Full Supply Level (FSL) volume of storages – the model was configured such that any excess 

volume above the FSL volume would spill from the storage instantaneously. 

Table 3.25 details the parameters used in the modelling for each of the storages. 

Table 3.25 Surface Water Balance Model Configuration 

Storage ID 
Catchment Area (ha) FSL Volume 

(Ml) Natural Stockpile Hardstand Total 

Pond 2 2.54 0.70 1.75 4.99 7.98 

Pond 3 0.23 0.86 2.54 3.63 22.84 

Pond 5 0.0 4.14 0.00 4.14 48.50 

Pond 6 0.79 2.56 0.24 3.59 31.70 

Pond 9 0.30 7.58 0.10 7.97 101.50 

Pond 10 0.00 0.84 2.71 3.55 24.80 

Pond 11 1.26 0.59 0.57 2.42 3.87 

Pond 13 0.81 3.19 1.26 5.26 47.47 

Pond 14 0.90 2.61 6.46 9.97 99.91 

Pond 16 0.00 5.24 0.00 5.24 49.90 

Pond 18 0.68 1.10 2.99 4.77 7.64 

Pond 19 0.98 7.49 0.00 8.47 93.50 

 

The modelling assumed the following: 

 There will be no reuse of any water from the proposed storages for processing, or transfer of 

water between any of the storages, except Pond 2 which overflows into Pond 11; 

 Each storage would operate an as individual evaporation pond with the only inflows being 

catchment runoff and direct rainfall, and the only outflows being evaporation and spills; and 

 Seepage into and out of each storage is insignificant. 

There will be infrastructure in place to facilitate the pumping of water from significant and high hazard 

dams to the process plant, however this would only be used to manage water levels to ensure 

provision of DSA volumes on 1 November each year, and to address water levels exceeding MRLs. 

The option of transferring water to the process plant has not been included in the surface water 

balance, and is viewed as a ‘last resort’ option for managing contaminated water on site. 
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Model Results 

Results from the modelling were broken down based on dam hazard category. The following key 

points were noted: 

 Sediment Ponds: 

o The sediment ponds are predicted to spill for 25 to 33 out of the 120 

water years included in the simulation. This represents a probability of 

spills from the sediment ponds of 1 spill every 3 to 4 years; 

o The sediment ponds would have an average of 2.3 to 2.5 spill events per 

spill year, and a maximum of 7 spill events per spill year; 

o The average spill volume per spill year from the sediment ponds is 

between 6ML and 9ML. The maximum spill volume per spill year ranges 

from 26ML to 40ML; and 

o When compared to expected flow volumes in Silvermine Creek and 

Dugald River (downstream of the sediment ponds) during significant 

rainfall events, the predicted spill volumes are not significant. 

 

 Low Hazard Dams: 

o The low hazard dams are predicted to spill for 2 to 3 out of the 120 water 

years included in the simulation. This represents a probability of spills 

from the low hazard dams of 1 spill every 40 to 60 years; 

o The low hazard dams would have an average of 1.3 to 1.5 spill events 

per spill year, and a maximum of 2 spill events per spill year; 

o The average spill volume per spill year from the sediment ponds is 

between 4ML and 6ML. The maximum spill volume per spill year ranges 

from 9ML to 10ML; and 

o When compared to expected flow volumes in Silvermine Creek and 

Dugald River (downstream of the low hazard dams) during significant 

rainfall events, the predicted spill volumes are not significant. 

 Significant Hazard Dams 

o None of the significant hazard dams are predicted to spill over the 120 

years of simulation; 

o The DSA volumes in all storages will be available on 1 November for at 

least 104 out of 120 years of simulation; and 

o The storages are predicted to exceed the MRL in only 1 years out the 

120 years of simulation. 

 High Hazard Dams 
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o None of the high hazard dams are predicted to spill over the 120 years of 

simulation; 

o The DSA volumes in all storages will be available on 1 November for at 

least 101 out of 120 years of simulation; and 

o The storages are predicted to exceed the MRL in only 1 year out the 120 

years of simulation. 
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Sensitivity Analysis 

A sensitivity analysis was also conducted to model the behaviour of the proposed storages to under 

higher runoff conditions. Runoff from each surface area (natural, stockpile and hardstand) was 

increased by 25% for the analysis. 

 Sediment Ponds 

o The additional runoff results in an increase in spills from the sediment 

ponds, with the predicted spill frequency increasing to 1 spill in every 3 to 

4 years; 

o The predicted average and maximum number of spills per spill year is 

generally unchanged; and 

o The average spill volume per spill year from the low hazard storages is 

predicted to increase to between 7ML and 11ML. The maximum spill 

volume per spill year increases significantly to between 34ML to 51ML. 

 Low Hazard Dams 

o Increased spills, with a predicted spill frequency increase to 1 spill every 

24 years;  

o The predicted average and maximum number of spills per spill year is 

generally unchanged; 

o The average spill volume per spill year from the low hazard storages is 

predicted to increase to 6ML. The maximum spill volume per spill year 

increases significantly to between 15ML and 17ML; 

o The availability of the DSA volume in each significant hazard storage on 

1
st
 November each year is reduced to 75 years out of the 120 year 

simulation period; and 

o The number of years when the MRL is exceeded also increases to 15 

years out of the 120 year simulation period. 

 Significant Hazard Dams 

o Increased spills, with predicted spill frequency increasing to 1 spill over 

the 120 years of simulation; 

o For the sole spill year, the model predicts spill volumes of between 3ML 

and 24ML from each storage; 

o The availability of DSA volumes on 1 November is reduced out to 79 

years of 120 years of simulation; and 

o The predicted exceedance of the MRL is increased to 6 years out the 

120 years of simulation. 

 High Hazard Dams 
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o None of the high hazard dams are predicted to spill with increased runoff; 

o The availability of DSA volumes on 1 November is reduced to 85 years 

out of 120 years of simulation; and 

o The predicted exceedance of the MRL is increased to 2 years out the 

120 years of simulation. 

The modelling results indicate that the proposed surface water management system is robust and has 

more than adequate storage capacity for managing runoff and rainfall within the Project site. 

3.5.4.4 Creek Crossings 

The Dugald River crossing and other significant creek crossings were investigated by WRM for the 

access road, accommodation camp road and water pipeline (see Appendix G). The construction the 

culverts for the creek crossings on the access road and accommodation camp road are discussed in 

Section 3.2.1.3.  

The road between the process plant and the accommodation camp, will also serve as the power and 

water corridor to the camp and possibly the TSF.  

The flood design specifications for creek crossings along the access road, accommodation camp road 

and water pipeline route are shown in Table 3.26 and Table 3.27, and the locations are depicted in 

Figure 3.46. The pipeline will be located above the 100 year ARI flood level. 

Details of the flood study are provided in Section 4.4 and Appendix G. 

Table 3.26 Configuration of Creek Crossings (Access Accommodation Camp Roads) 

Crossing 
Location 

Culvert 
Size 

No. of 
Culvert 
Barrels 

Upstream 
Culvert 
Invert 
Level  

(m AHD) 

Downstream 
Culvert 

Invert Level 
(m AHD) 

Deck 
Elevation 
(m AHD) 

Height of 
Deck above 

Channel 
Invert (m) 

Length of 
Causeway 
Deck (m) 

B 

4.2 m W x 
1.2 m H 

1 188.6 188.35 

190.1 1.5 25 
1.8 m W x 
0.3 m H 

2 189.5 189.25 

C 
4.2 m W x 
1.5 m H 

7 176.5 176.3 178.5 2 40 

D 

0.3 m 
Diameter 

1 183.93 183.73 

184.25 0.55 99 
0.45 m 

Diameter 
2 183.7 183.5 

E 
1.8 m W x 
0.6 m H 

2 183.34 183.14 184.25 0.91 42 

F 
1.8 m W x 
0.3 m H 

2 183.9 183.5 184.5 1 27 

G 
4.2 m W x 
1.2 m H 

5 211.03 210.84 212.7 1.67 55 
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Crossing 
Location 

Culvert 
Size 

No. of 
Culvert 
Barrels 

Upstream 
Culvert 
Invert 
Level  

(m AHD) 

Downstream 
Culvert 

Invert Level 
(m AHD) 

Deck 
Elevation 
(m AHD) 

Height of 
Deck above 

Channel 
Invert (m) 

Length of 
Causeway 
Deck (m) 

H 
4.2 m W x 
1.5 m H 

5 192.65 192.07 194.65 2 25 

I 
4.2 m W x 
1.2 m H 

4 195.93 195.62 197.53 1.6 20 

J 
1.8 m W x 
0.6 m H 

8 195.5 195.33 196.3 0.8 100 

K 
4.2 m W x 
1.2 m H 

2 194.86 194.68 196.7 1.84 15 

L 
4.2 m W x 
1.5 m H 

2 195.04 194.9 197 1.96 25 

M 
4.2 m W x 
1.2 m H 

2 196.88 196.59 198.8 1.92 40 

 

Table 3.27 Estimated 100 Year Flood Levels at Pipeline Crossings 

Crossing 
Location 

Channel Bed 
Level (m) 

Channel 
Slope (%) 

100 Year ARI 
Discharge 

(m
3
/s) 

100 Year ARI 
Flood Level 

(m) 

100 Year ARI 
Flood Depth 

(m) 

A 181.36 0.3 165.4 184.94 3.6 

N 172.72 0.5 64.0 182.06 2.3 

O* 178.00 0.6 NA 182.76 4.8 

* Peak Flood Level at Location O is from Dugald River backwater flooding. 

 
The following is of note in regards to the creek crossings: 

 The proposed crossings at Locations B, C and F are configured as low level causeways, and 

are designed to be overtopped during relatively minor flood events; 

 The Silvermine Creek crossing at Location B is designed to be overtopped for discharges 

greater than 13 cubic metres per second (m
3
/s); 

 The Dugald River crossing at Location C is designed to be overtopped for discharges greater 

than 32 m
3
/s; 

 The Dugald River Overflow crossings at Locations D and E would only be overtopped for 

discharges in excess of the 50 Year ARI flood in Dugald River (1,250 m
3
/s); 

 The Dugald River Tributary A crossing at location F is designed to be overtopped for 

discharges greater than 4 m
3
/s; 

 The proposed crossings at Locations G and H have been configured to provide the 

Accommodation Camp road with immunity from the 100 Year ARI flood events in Silver Mine 

Creek Tributaries A and B (84.4 m
3
/s and 32.3 m

3
/s respectively); 
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 The proposed crossings at Locations I, J, K, L and M also have been configured to provide 

100 year ARI flood immunity from local creek flooding. The proposed crossing at Location O 

has been configured to provide 100 Year ARI flood immunity from Dugald River backwater 

flooding;  

 In order to maximise available flow area the crossings proposed for Locations B and D 

include high and low level culverts with different invert levels; and 

 All proposed waterway crossings will require erosion and scour protection on the upstream 

and downstream road embankments. Particular attention should be paid to erosion and scour 

protection for the low level crossings proposed at locations B, C and F.  

Based on historical flood records for the Dugald River, the periods of overtopping would be a few 

hours to a few days. During large flood events the causeways may overtop intermittently over periods 

of up to two or three weeks, but there will be sufficiently long dry periods for the crossings to be 

trafficable at times by general traffic and concentrate transport trucks, unless the causeways get badly 

damaged. This low-immunity solution is the most sensible and economic solution, as higher immunity 

would mean significantly-higher costs and natural creek bed disruption, with potential environmental 

permitting issues. These designs also satisfy the maximum two-week road closure requirement for the 

Project. 

The major and minor creek crossings along the road connecting the mine operations area to the 

accommodation camp area have been designed to provide flood immunity up to the 100 Year ARI 

flood event. The impact of these crossings on flooding behaviour in these waterways would be 

minimal. The road between the process plant and the accommodation camp, will also serve as the 

power and water corridor to the camp and possibly the TSF.   

The alternative access road has been designed over an easement agreed with Altona Mining to avoid 

infrastructure associated with the proposed Roseby Copper Project and will only be built if the 

proposed intersection with the Burke Developmental Road of the preferred access road is not 

developed. 

The Longamundi pit deviation that is proposed for the access road will only be constructed when the 

Longamundi pit is developed for the Roseby Copper Project. As this pit is not planned to be 

developed until seven to nine years after commencement of Roseby Copper Project operations, the 

creek crossings on the deviation road will be designed prior to construction of the road to take into 

account the actual pit and waste rock dumps designs, which will disrupt the existing surface water 

flows. 
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Figure 3.46 Location of Creek Crossings
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3.5.5 Sewerage 

A modular waste water treatment plant will be located at the process plant, and another will be 

located in the accommodation camp. Each waste water treatment plant will consist of independent 

sewage and grey water treatment facilities, each fed by separate drainage systems.  

The process plant waste water treatment plant will have capacity for the requirements of up to 

192 mining and plant operations personnel. A major ablution block will be located at the site for 

personnel to shower and change into clean clothing at the end of shift. The sewage from toilets, 

urinals and kitchen sinks will be processed to produce a high quality effluent of and discharged to the 

TSF. Sludge from the treatment plant will be temporarily prior to removal from site by a licensed 

contractor. 

Site greywater from hand basins, showers and washing machines will be processed according to the 

Water Quality Guidelines for Recycled Water Schemes – November 2008 and the Public Health 

Regulation 2005 but will be discharged to the tailings due to potential lead contamination. The Water 

Quality Guidelines for Recycled Water Schemes – November 2008 recommends that discharged 

sewage effluent and greywater is of an equivalent quality to the receiving water. 

The accommodation camp waste water treatment plant will have capacity for the requirements of up 

to 290 people during construction of the process plant. After construction is complete the camp will 

house up to 400 personnel at any one time. Each accommodation unit will have a toilet, shower and 

hand basin. Sewage from the accommodation camp toilets, urinals, kitchen sinks and industrial 

dishwashers will be processed to produce a high quality effluent that will be discharged to the TSF. 

The Water Quality Guidelines for Recycled Water Schemes – November 2008 recommends that 

effluent is of an equivalent quality to the receiving water. Sludge will be temporarily stored for periodic 

tanker truck disposal. 

Greywater from hand basins, laundry sinks, showers, and washing machines will be processed 

according to the Water Quality Guidelines for Recycled Water Schemes – November 2008 and the 

Public Health Regulation 2005 and used for sub-soil irrigation around the accommodation camp 

gardens. There are no predetermined water criteria for greywater in the Water Quality Guidelines for 

Recycled Water Schemes – November 2008 however, regular testing of the receiving soil will be 

undertaken to ensure there is no build-up of chemicals, metals or bacteria. 

Each sewage and grey water treatment facility will consist of the following: 

 Prefabricated FRP wet well with submersible macerator pumps; 

 Baffled FRP influent equalisation tank with constant flow transfer pump station; 

 Packaged sewage treatment unit or TBR™ for removal of organic matter and nitrogen 

reduction; 

 FRP sludge storage tank; 

 Chemical dosing pump station for addition of Chlorine (sodium hypochlorite) into the sludge 

storage tank; 

 Multimedia filter for removal of fine particulates; 

 High quality effluent transfer pump station; 
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 FRP effluent storage tank and disposal pump station; and 

 Associated electrical controls. 

An example of the treatment facility is provided in Figure 3.14 in Section 3.2.2.1. 

A number of portable toilets will be utilised in the underground mine. These will be regularly serviced 

and all waste removed. Waste will be either transported to the onsite treatment plant or removed off 

site by licensed contractors. The use of these portable toilets is not expected to have a significant 

impact on the waste treatment plant or the environment.  

3.5.6 Telecommunications 

The Project will not impact on any existing telecommunications infrastructure. 

It is proposed that a standalone temporary communications system (RAWsat) be utilised for 

approximately six months while permanent communications systems are established.  

The permanent communications system will be constructed around a Telstra Next-G mobile tower 

and associated data link (backload) which will be installed by Telstra. Site telecommunications will 

include: 

 Integrated fixed line voice and data services to workstations providing voice and broadband 

data services via the corporate network; 

 Mobile voice and broadband data services via a Telstra Next G network service providing 

private internet access and mobile voice services to work and accommodation areas; 

 Accommodation camp recreational communications services; 

 Mobile radio coverage on site and underground; 

 Security and emergency services; and 

 Airport communications. 

To support these services, five communications networks are proposed for the Project: 

 Two Local Area Network (LAN) fibre optic data networks, one for the plant control system and 

one for the admin system, will run to all locations on the site, both surface and underground; 

 Cables (optic fibre) will run down the intake shafts (VR2 and VR4) for each mine section 

(North and South) with access points at each plate; 

 A surface UHF mobile radio system with three separate duplex channels and repeater 

stations as required and up to five  simplex point to point channels; 

 An underground UHF mobile radio (leaky feeder) throughout the mine workings; and 

 A Telstra NextG mobile voice and data phone service for the plant and camp areas. 
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3.5.7 Accommodation and Other Infrastructure 

3.5.7.1 Accommodation Camp 

The accommodation camp will be located on a plateau on the Knapdale Range, approximately 3.3 km 

from the administration area (Figure 3.47). The accommodation camp is to house both the 

construction and permanent workforces. With the exception of two units set up for disabled visitors, all 

the units are of the same size and standard.  The accommodation camp will have approximately 502 - 

622 rooms, with further capacity to expand to 766 rooms if required.  

The accommodation units will be clustered in groups of six (three units back-to-back with each unit 

containing four rooms). A total of 21 clusters will be initially required. There is space within the 

accommodation camp layout for expansion by another 66 four-room units (a total of another 264 

rooms), if necessary. Six small laundries will be spread throughout the accommodation area, while 

the non-residential buildings and recreational facilities will be located on the eastern side of the 

village.  

The initial accommodation camp built with approximately 500 rooms will include the following facilities: 

 124 single-person en suited accommodation buildings (four units per building), approximately 

3.3 m x 14.4 m with 2 m x 14.4 m awnings; 

 One single-person en suited accommodation building (two units per building) with both rooms 

fitted for disabled access, approximately 3.3 m x 14.4 m with 2 m x 14.4 m awnings; 

 Six laundry buildings; 

 One central laundry facility for the contractor to wash sheets, etc; 

 One kitchen with food storage facilities; 

 One dining facility attached to the kitchen; 

 One wet mess with covered outdoor area; 

 Two indoor recreation rooms; 

 One gymnasium; 

 One village administration building; 

 One First Aid and medical building; 

 One above-ground swimming pool; 

 One pool chemical storage building; 

 One multi-function sports court; 

 Three ablution blocks; 

 One maintenance shed; 
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 One bus shelter; and 

 One communications infrastructure building. 
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Figure 3.47 Accommodation Camp Layout  
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Whilst a detailed geotechnical investigation has not been carried out on the Project site, preliminary 

investigations indicate that the surface of the Knapdale plateau, where the accommodation camp is to 

be located, is very rocky with some vegetative cover. Photo Plate 3.1 shows typical ground conditions 

at the site. 

 

Photo Plate 3.1 Ground Conditions at the Accommodation Camp Site 

 

3.5.7.2 Work Shops and Laboratories 

Workshops and laboratories will include: 

 Mine Heavy Vehicle Maintenance workshop of approx 1,116 m
2
, enclosed building with 

overhead crane: 

 The heavy-vehicle workshop will be a pre-engineered steel structure with colour-bond 

cladding and a concrete-slab floor. It will be located among the mine services 

facilities that have direct access from the mine via a full-size haul road; and 

 The workshop will be 62 m long x 18 m wide with a 14.8 m eave height. It will consist 

of five vehicle bays and a 16.5 m x 12 m lean-to to house five offices and three 

storerooms. A 10 t safe-working-load (‘SWL’) overhead electric travelling crane will 

service the entire workshop area. 

 A stand-alone electrical workshop will be provided adjacent to the heavy vehicle workshop. It 

will be 18 m x 6 m with an internal office and two 3.5 m-high roller doors and a 1 t SWL jib 

crane; 

 Technical workshops and laboratories. There will be one plant laboratory and metallurgical 

testing facility. The current plan is for wet and dry areas totalling 130 m
2
; and 

 The plant workshop will be a pre-engineered steel structure with colour-bond cladding and a 

concrete-slab floor. It will be located between the flotation area and the administration offices. 

The building will be 28 m long x 18 m wide. It will include four building bays and three offices, 

a kitchen and a tool store are located in a lean-to on the end of the building. A 5 t SWL 

overhead electric travelling crane services the entire workshop area. 
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Any wash down pads at the workshops will be serviced by oil-water separators. The oil will be 

collected and transferred to the waste oil tank for removal from site by a licensed waste contractor. 

The clean water from the separator will be discharged to a pond for evaporation. If the water quality in 

this pond meets the discharge criteria for the site it may be released to the environment. 

3.5.7.3 Other Infrastructure/Ancillary Buildings 

Other infrastructure on site will include: 

 Administration buildings - The administration building will be approximately 36 m long x 20 m 

wide with a 12 m long x 3.3 m wide computer room annexe. It will include 24 enclosed offices, 

a reception area, a conference room, a meeting room, a filing room and a kitchen. Reverse-

cycle air-conditioning will be provided. A 12 m long x 3.3 m wide male and female toilet block 

will be provided adjacent to the building and connected by a covered breezeway; 

 Mining Offices – The mining offices will be approximately 24 m long x 16.5 m wide. It will 

include 15 enclosed offices, eight open-plan workstations, a large planning and meeting area, 

a kitchen and male and female toilets. Reverse-cycle air-conditioning will be provided; 

 Plant Offices - The plant office building will be approximately 24 m long x 13.2 m wide. It will 

includes ten enclosed offices, ten open-plan workstations, a large meeting room, a kitchen 

and male and female toilets. Reverse-cycle air-conditioning will be provided; 

 Security and Gatehouse - The security and gatehouse building will be approximately 12 m 

long x 12 m wide. It will include a gate security station, office, induction room and male and 

female toilets. Reverse-cycle air-conditioning will be provided; 

 First-aid building - The First Aid building will be approximately 12 m long x 12 m wide. It will 

include an emergency delivery area, waiting room, treatment room, Nurses station and a 

toilet. Reverse-cycle air-conditioning will be provided; 

 Laboratory - A fully-functioning sample preparation and assay laboratory will be provided. It 

will include facilities for metallurgical test work. The laboratory will be designed to handle an 

average of 30 mine samples and 63 metallurgical samples per day. The laboratory will service 

the assaying requirements for the mine and processing plant and provide metallurgical test 

work capability, approximately 90–100 samples per day; 

 Crib and ablutions building - The crib and ablutions building will be located in a central 

position to maximise easy access for most people working on the surface at the site. It will be 

of modular transportable construction, approximately 13.2 m long x 12 m wide. It will include 

kitchen facilities, tables and seating for 54 people, and male and female toilets. Reverse-cycle 

air-conditioning will be provided; 
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 Change-house and mine services - The change-house building will be approximately 36 m 

long x 33 m wide. It will be used by both process plant and mining personnel. Change rooms 

will be divided into ’Dirty’ and ’Clean’ sides with the showers located in-between. Male 

facilities will include 300 dirty and 300 clean side lockers, 28 shower cubicles, and toilet, 

urinals and hand basins. Female facilities will include 36 dirty and 36 clean side lockers, six 

shower cubicles, and toilet and hand basins. The building will also house some of the mine 

services facilities. These will include: 

o 12 m x 6.6 m emergency-response room; 

o 12.4 m x 8.5 m emergency vehicle covered parking area; 

o 12 m x 6.6 m training room; 

o 12 m x 9.9 m shift-change room with kitchen facilities; 

o Personal protective equipment (‘PPE’) and cap-lamp rooms; 

o Blast and mine control rooms; 

o Three supervisors’ offices; and 

o Reverse-cycle air-conditioning will be provided, along with gas heating in the change-

room areas to keep this area dry and sanitary. 

 Warehouse - The warehouse will be located to the west of the process plant workshop. It will 

be a pre-engineered steel structure with colour-bond cladding and a concrete-slab floor. It will 

measure 30 m long x 14 m wide with a 6.8 m eave height and include two large roller doors 

with concrete access ramps and a service counter. A security-fenced area of approximately 

2,600 m
2
 will be provided adjacent to the warehouse for outdoor storage. A 12 m long x 3.3 m 

wide office block will be located adjacent to the building, connected by a covered breezeway. 

It will include three offices and a kitchen and reverse-cycle air-conditioning; 

 Reagents store - The reagents store will be a pre-engineered steel structure with colour-bond 

cladding and a concrete-slab floor. It will measure 24 m long x 12 m wide with a 4.8 m eave 

height and includes wall cladding on the two shortest sides of the building only. The front and 

back of the building will be completely open with two forklift access ramps. The roof will 

overhang the front and rear edge of the floor slab by 1.5 m to afford additional protection from 

rain. Minor quantities of reagents including anti-scale chemicals, water chlorination chemicals, 

lubricants and laboratory chemicals will be stored in this building; 

 Survey shed - The survey shed will be a simple pre-engineered light steel structure with 

colour-bond cladding and a concrete-slab floor. It will measure 7 m long x 6 m wide with an 

eave height of 3.3 m and provides secure parking for one light vehicle and a storage area for 

surveyors’ equipment; and 

 Control rooms - Three control rooms will be provided, one at the primary crushing station, one 

inside the flotation building and one at the paste plant. 
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3.6 WASTE MANAGEMENT 

3.6.1 Character and Quantities of Waste Materials 

This section addresses the generation and management of wastes for construction, operation and 

decommissioning activities at the Project site. A waste management plan will be created for the 

Project site and included in the relevant Plan of Operations. 

The goal of waste management on site will be to reduce potential health and environmental hazards 

which may occur from waste generation and disposal. Disposal of waste will be considered when no 

other economically feasible option for reuse or treatment exists. The disposal method will seek to 

minimise environmental effects and the potential for land contamination. 

The following principles, in preferential order, will be applied to management of waste at the Project:   

 Waste avoidance and minimisation;  

 Waste reuse/recycling;  

 Waste treatment; and 

 Waste disposal. 

Waste minimisation includes practices which prevent or reduce the generation of waste. This can be 

achieved either by a reduction in the volume of waste generated, or by using only products which can 

be reused or recycled.  All staff and contractors working at the Project will be informed of policies on 

waste management through a site induction. All staff will have a duty of care to ensure that waste 

generation is either avoided or minimised on the Project site.  

The main area where waste may be recycled and reused will be in the maintenance areas of the 

Project. Due to the remote location of the site, domestic waste recycling such as paper and plastic 

recycling may not be possible. Waste reuse and recycling involves direct reuse of a waste material or 

incorporation of that material into another process or product. Sorting, separation and/or refining of 

waste materials is generally required. 

3.6.1.1 Construction and Commissioning Phase 

The main waste sources from the Project during the construction and commissioning phase and the 

proposed methods for reuse or disposal are shown in Table 3.28.  

Table 3.28 Waste Produced in Construction Phase 

Waste Method of Re-use/Disposal 

Vegetation from clearing activities 
Vegetation will be chipped/mulched if 
required and stockpiled for use in 
landscaping and rehabilitation 

Topsoil Stockpiled for re-use in rehabilitation 

NAF Waste rock 
Used for constructing ROM Pads and mine 
roads or stored in waste rock dumps near 
processing plant. 
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Waste Method of Re-use/Disposal 

PAF Waste rock 

Some PAF material will be disposed of 
directly underground as rock fill. PAF waste 
rock brought to the surface will either be 
encapsulated in NAF waste rock in a waste 
rock dump or stored on temporary NAF 
waste rock pads for later disposal 
underground.  

Civil cut material 
Used for constructing ROM Pads and mine 
roads. 

General waste from village 

Disposed of to rubbish disposal area to be 
established on-site, or trucked to Cloncurry 
waste disposal site prior to establishing a 
site based facility. 

Sewage 

Sewage treatment plant on-site with treated 
water disposed of via absorption trenches. 
Sewage sludge removed from site via a 
licensed contractor. 

Scrap metal, building materials 
Scrap steel sold for recycling, general refuse 
disposed of in landfill. 

Waste oil and grease Collected from site by licensed contractor. 

Waste tyres 
Used as road markers, excess tyres 
stockpiled for later disposal in waste rock 
dumps. 

Vehicle batteries Collected from site by licensed contractor. 

3.6.1.2 Operational Phase 

The major wastes to be produced in the operational phase of the Project and proposed methods of 

reuse or disposal are described in Table 3.29. 

Table 3.29 Waste Sources During Operation 

Waste Estimated Quantity Method of Re-use/Disposal 

Waste Rock 
Total waste from lead/zinc ore for 
the life of the mine is 7,111,193 t. 

NAF waste rock will be disposed of 
in surface waste rock dumps, used 
for encapsulating PAF waste rock 
or disposed of underground as rock 
fill. On mine closure the majority of 
NAF material remaining on the 
surface will be used in TSF 
rehabilitation.  
PAF waste rock will be prioritised 
for disposal to underground as rock 
fill. PAF waste rock brought to the 
surface will be encapsulated in a 
purposed built waste rock dump 
where it will remain on mine closure 
or be stockpile temporarily prior to 
disposal underground.  
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Waste Estimated Quantity Method of Re-use/Disposal 

Tailings 

928,500 tpa of solids (1.6 Mt 
slurry) from Zn/Pb processing, 
887,500 tpa of solids (1.7 Mt 

slurry) from Cu processing (when 
commissioned) 

Piped to TSF or used as paste 
backfill underground. 

Water including reagents 
and flocculants 

102 m
3
/h to TSF (50% recycled) 

35 m
3
/h to UG Mine 

Pumped to TSF, used in Paste Fill, 
used for dust suppression and 
reused as process water. 

Sewage 7.3 – 18.3  Ml/yr  

Treated in two on-site sewage 
treatment plants (accommodation 
camp and process plant).  
Sewage waste will be discharged to 
the TSF and grey-water from the 
accommodation camp used for sub-
soil irrigation of the gardens and 
lawn. 
Grey water form the process plant 
area will be discharged to the TSF. 

General Waste from 
accommodation camp 

1.5 t per person per year. With up 
to 400 personnel on site at any 

one time that equates to 600 tpa 

The rubbish disposal site will 
consist of mound design above 
ground where all putrescibles 
wastes will be deposited. The face 
of the landfill will be covered or a 
regular basis (at least weekly) to 
prevent the dispersal of wind borne 
rubbish, control scavenging by feral 
animals and deter insect breeding. 

Consumables: 
Steel balls 
Steel liners 

At a consumption rate of 0.96 kg 
per tonne of ore milled and a 
milling rate of 2 Mtpa. Considering 
30% of steel is not worn, a 
maximum of 576 tpa of steel will 
be disposed each year from 
grinding media. 
At a consumption rate of 1.8 sets 
per year and a residual weight of 
75 t each, a maximum of 135 tpa 
of steel liners will be scrapped. 

Steel ball scats and worn liners will 
be salvaged from site by scrap 
metal merchants. 

Waste oil, grease, vehicle 
batteries, scrap steel 

50 tpa 
Collected by a licensed regulated 
waste contractor. 

Tyres 

At a usage rate of 
2 sets/truck/year and 

3 sets/loader/year and 8 tyres/set 
for trucks and 4 tyres/set for 

loader and an average of 8 trucks 
and 3 loaders during the mine life. 
A maximum of 128 truck tyres and 
48 loader tyres will be disposed of 

every year 

 Waste tyres will be stockpiled and 
buried in waste rock dumps in a 
manner to maintain long-term dump 
stability. 

 
Figure 3.49 shows the conceptual waste streams including solid and liquid wastes from the 

operational phase of the Project. The main wastes are waste rock, tailings and waste water (most of 

which is reclaimed). Details of the processing activities are provided in Section 3.3.5. 



 
 
 
 

EIS Section 3 – Description of Project 3 - 126 November 2010 

 

 

Figure 3.49 Waste Streams in the Operational Phase of the Project 

The physical and chemical properties of the wastes from the processing plant are discussed in 

Section 3.6.4 - Tailings Disposal and Appendix I. The physical and chemical properties of waste rock 

are described in Section 3.6.3 and Appendix H. 

During operations the zinc/lead processing circuit will process up to 2 Mtpa of ore and produce 

448,000 tpa of zinc/lead concentrate. The copper processing circuit will process up to 1 Mtpa of ore 

and produce 75,000 tpa of copper concentrate.  
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When only the zinc-lead processing circuit is operating, for every one tonne of mineral concentrate 

produced: 

 0.3 t of waste rock will be produced; and 

 3.6 t of tailings slurry will be produced. 

When the copper processing circuit is commissioned and both circuits are operating, 5.5 t of tailings 

slurry will be produced, per tonne of all mineral concentrates produced. 

The main re-usable input in circulation in the processing plant will be water. As discussed in 

Section 3.5.3.2 the water processing water circuit will recycle 1,031 m
3
/h directly from the processing 

plant and 51 m
3
/h from the TSF. Make-up water will be sourced from the Lake Julius / Ernest Henry 

Pipeline and will augment the supply. 100% of water will be recycled from the thickening circuit. 

In addition grey water from the accommodation camp ablutions facilities will be recycled and drip fed 

to sub-surface to irrigate the gardens around the accommodation areas.  

3.6.1.3 Decommissioning Phase 

During the decommissioning phase all non-permanent structures including accommodation units, 

offices, administration buildings, laboratories, ablutions and recreational buildings will be on-sold, 

packed down and removed from site. Any permanent structures remaining will be demolished and 

scrap materials will be recycled where practicable. Concrete footings will be broken down and 

removed from site. Roads may remain at the discretion and agreement of the landholder. If site or 

access roads are not needed post decommissioning the concrete/bitumen base at creek crossings 

will be removed and the area will be ripped, topsoiled and revegetated.  

3.6.2 Air Emissions 

The main air borne wastes emitted from the Project will be: 

 Particulate matter with equivalent aerodynamic diameters of 10 μm or less (PM10); 

 Particulate matter with equivalent aerodynamic diameters of 2.5 μm or less (PM2.5); 

 Carbon Monoxide; 

 Nitrogen Dioxide; 

 Total suspended particulate matter (TSP); and  

 Greenhouse gases. 

The predicted ground-level concentrations of PM2.5, PM10, carbon monoxide and nitrogen dioxide for 

the construction phase are summarised as follows: 

 24-hour PM2.5 concentration of 0.2 micrograms per cubic metre (µg/m
3
)
 
and annual PM2.5 

concentration of 0.01 µg/m
3
 

 24-hour PM10 concentration of 0.2 µg/m
3;
; 

 Carbon Monoxide 8-hour concentration of 7.6 µg/m
3
; 
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 Nitrogen Dioxide 1 hour concentration of 50.6 µg/m
3
; and 

 Nitrogen Dioxide annual concentration of 0.3 µg/m
3
. 

The modelling results indicate that all ground-level concentrations are well below the EPP(Air) 

objectives for the construction phase. The results for nitrogen dioxide are conservative, as a 100% 

conversion of oxides of nitrogen to nitrogen dioxide has been assumed. In reality, this ratio is likely to 

be 30-50%.   

The emission rates for PM2.5, PM10 and TSP for the operations phase are described in Table 3.30. 

Table 3.30 Emission Rates of PM2.5, PM10 and TSP for the Dugald River Project 

Activity 
Emission rate (g/s) 

TSP PM10 PM2.5 

Graders 0.13 0.04 0.004 

Waste stockpile – dumping, wind erosion 
and dozer 

0.46 0.15 0.041 

Trucks on unpaved road from portal to ROM 1.76 0.50 0.050 

ROM - trucks dumping ore, wind erosion 
and loader 

1.86 0.88 0.043 

Primary crusher 0.95 0.38 0.071 

Crushed ROM copper and processing – 
material handling, wind erosion, dozer and 
conveyor 

2.75 1.20 0.213 

Crushed ROM lead/zinc and processing – 
material handling, wind erosion, dozer 
and conveyor 

2.59 1.09 0.201 

Concentrate shed – loader and conveyor 0.65 0.30 0.048 

 

These emissions were based on the following control measures in Table 3.31. 

Table 3.31 Emission Control Factors for Dust Control Measures 

Source Control measure 
Level of  
control 

Reference 

Haul roads 
Watering 50% NPI for Mining Version 2.3 (2001) 

– Level 1 watering assumed 

Loader in concentrate shed Full enclosure 99% NPI for Mining Version 2.3 (2001) 

 

Total emission rates for the Project can be summarised as follows: 

 The main sources of dust emissions from the mine will be from the stockpiles and the 

transport of ore and waste rock on haul roads;  

 The contribution from the Dugald River Project to air pollutant concentrations at the location 

of sensitive receptors is predicted to be minor compared with background levels and the 

contribution from the Roseby Copper Project; 
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 There is compliance with the EPP(Air) objectives for predicted 24-hour and annual average 

ground-level concentrations of PM2.5, annual average ground-level concentrations of TSP and 

annual average dust deposition rates at the nearest homestead residence and the Roseby 

Accommodation Camp due to operations at the Dugald River Project, Roseby Copper Project 

and ambient background levels; 

 The EPP(Air) objective for 24-hour average ground-level concentrations of PM10 is predicted 

to be exceeded at the nearest homestead residence in the later years of the Roseby Copper 

Project when the Roseby Copper Project operations are closer to the location of the 

homestead. However, levels at the Roseby Accommodation Camp are predicted to comply 

with the EPP(Air) objective; and 

 Predicted annual average ground-level concentrations of lead, arsenic, cadmium, manganese 

and nickel due to the Dugald River Project as an increment are well below the EPP(Air) 

objectives at the nearest homestead residence and the Roseby Accommodation Camp. 

Concentrations at these sites are unlikely to exceed the EPP(Air) objectives even with 

inclusion of a background level. 

Power Generation Assessment 

 Predicted concentrations of 24-hour average PM10, 8-hour average carbon monoxide and 

annual average nitrogen dioxide from the gensets operating in isolation is predicted to be less 

than 1 % of the EPP(Air) objectives at the nearest homestead. The maximum predicted 

concentration of 1-hour average nitrogen dioxide is approximately 20.2% of the EPP(Air) 

objective at the nearest homestead and was modelled conservatively assuming 100% 

conversion of oxides of nitrogen to nitrogen dioxide. These concentrations are well below the 

objectives and are unlikely to exceed the objectives with the inclusion of background levels. 

The greenhouse gas emissions have been calculated for the ultimate mining capacity of 2 Mtpa of 

lead/zinc ore and 1 Mtpa of copper ore with four generator sets giving a total output of 4.5 MVA. The 

generator sets will power the mine operations as well as the onsite accommodation facilities for 

workers for the first two years of operations. Electricity will be consumed from the grid after the first 

two years. A summary of the greenhouse gas emissions calculated for the consumption of diesel fuel 

by the generators and the vehicles, and electricity is shown in Table 3.32. 

Table 3.32 Greenhouse Gas Emissions  

Year 

Transport –  
diesel 

(t CO2-e) 

Gensets –  
diesel 

(t CO2-e) 

Electricity  
consumption 

(t CO2-e) 

Explosives  

(t CO2-e) 

Landfill  
emissions 

(t CO2-e) 

Total  

(t CO2-e) 

2012 - 19,991 - - - 19,991 

2013 1,513 19,991 - 34 910 22,447 

2014 4,972 - 84,032 157.59 910 90,071 

2015 7,771 - 147,328 194.31 910 156,203 

2016 9,865 - 157,391 289.85 910 168,457 

2017 11,462 - 184,575 289.85 910 197,236 

2018 13,439 - 209,700 289.85 910 224,339 

2019 14,005 - 211,136 289.85 910 226,340 

2020 14,549 - 211,695 289.85 910 227,444 

2021 15,372 - 212,126 289.85 910 228,698 

2022 15,740 - 212,397 289.85 910 229,337 
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Year 

Transport –  
diesel 

(t CO2-e) 

Gensets –  
diesel 

(t CO2-e) 

Electricity  
consumption 

(t CO2-e) 

Explosives  

(t CO2-e) 

Landfill  
emissions 

(t CO2-e) 

Total  

(t CO2-e) 

2023 16,469 - 212,487 289.85 910 230,157 

2024 17,404 - 212,505 289.85 910 231,109 

2025 18,405 - 212,505 289.85 910 232,110 

2026 18,857 - 212,505 289.85 910 232,562 

2027 21,780 - 212,505 289.85 910 235,485 

2028 22,583 - 212,505 289.85 910 236,288 

2029 17,731 - 212,505 229.84 910 231,376 

2030 6,164 - 212,505 95.37 910 219,674 

 

The highest annual total greenhouse gas emission for the mine is 236,288 t CO2-e. Australia‟s 

assigned amount of greenhouse gas emissions for the period 2008 – 2012 under the Kyoto Protocol 

is 108% of Australia‟s estimated emissions for 1990 of 598,075.71 greenhouse gas (Gg) (598 MtCO2-

e). The highest annual total emissions from the mine are 0.04 % of Australia‟s assigned amount under 

the Kyoto Protocol. 

For a full description of the mitigation strategies for reducing green house gas emissions see Section 

4.5 of this EIS. 

3.6.3 Excavated Waste 

The main form of excavated waste created by the Project is waste rock from the underground 

workings. Waste rock is either categorised as NAF or PAF as described in Section 3.6.3.3. 

During the construction phase of the Project NAF waste rock material will be mainly used for 

constructing the ROM Pads and mine roads. Some NAF waste rock will also be used for 

encapsulating PAF material in a specifically designed waste rock dump. PAF waste rock during the 

construction phase of the Project will be prioritised for disposal underground where possible, but as 

stoping will not have commenced underground, most of this material will be required to be disposed of 

to the surface. PAF waste rock on the surface will either be encapsulated in a specifically designed 

waste rock dump or temporally stockpiled awaiting disposal underground. 

The other excavated waste during the construction phase will be in the form of civil cut materials 

which will be removed from the stormwater dam and sediment pond areas at the mine and processing 

area during construction. This civil cut material will be NAF material and used for constructing the 

ROM Pads and mine roads during the construction phase. 

During the operating phase of the Project, the majority of PAF waste rock will be prioritised for 

disposal underground as rock fill or co-disposed with paste fill. The remaining PAF waste rock will be 

encapsulated in a specifically designed waste rock dump on the surface or temporarily stockpiled 

awaiting disposal underground.  

During the operating phase of the Project, NAF waste rock will be disposed of in surface waste rock 

dumps and used for encapsulating PAF waste rock or disposed of underground as rock fill or with 

paste fill. On mine closure the majority of NAF material remaining on the surface will be used in TSF 

rehabilitation.  



 
 
 
 

EIS Section 3 – Description of Project 3 - 131 November 2010 

3.6.3.1 Waste Rock Dump Design 

Based on the waste rock characterisation results, MMG have produced an estimate of the quantities 

of PAF and NAF materials to be produced for the life of the Project (Table 3.33). Over the mine life 

approximately 81% of the waste rock produced by the underground mine will be NAF with 19% being 

PAF. Of the total waste rock mined 63% of all waste will be disposed of underground, leaving only 

37% to be stockpiled on surface. By making disposal of the PAF to underground voids a priority, at 

the end of the Project life, the portion of material remaining on the surface that will be PAF will only be 

11%. With these amounts of materials there is more than sufficient NAF material to fully encapsulate 

the PAF material that is dumped on the surface. The waste rock production schedule and NAF and 

PAF volumes generated each year are described in Section 3.6.3.2. 

Table 3.33 Estimate of PAF/NAF Materials 

 Tonnes Percentage 

Total Waste Produced 

PAF 1,362,361 19.2% 

NAF 5,748,832 80.8% 

Subtotal 7,111,193 100% 

Waste Disposed of Underground 

PAF 1,073,083 24.0% 

NAF 3,404,455 76.0% 

Subtotal 4,477,538 63.0% 

Waste Stockpiled on Surface 

PAF 289,278 11.0% 

NAF 2,344,377 89.0% 

Subtotal 2,633,655 37.0% 

 
PAF waste rock from the Project‟s underground workings has the potential to produce contaminated 

leachate if left to oxidise on the surface (Section 3.6.3.3). Therefore special mitigation strategies for 

the disposal of this waste have been proposed. As NAF waste rock does not have the potential to 

produce contaminated leachate, this material does not require special disposal strategies. NAF waste 

rock is also suitable as an outer layer on the waste rock dumps as it has been shown through testing 

that this material is non-dispersive and resistant to erosion (Section 3.6.3.3). 

Waste rock excavated from the underground workings will either be disposed of as rockfill or co-

disposed with paste fill underground, or brought to the surface. PAF waste rock brought to the surface 

will be either encapsulated immediately in the NAF/PAF waste rock dump or stored temporarily in a 

waste rock stockpile (North PAF waste rock dump) prior to being disposed of underground as rockfill 

(Figure 3.50). NAF waste rock brought to the surface will be either used to construct infrastructure 

such as the ROM Pads and mine roads the construction phase, returned underground as rockfill, 

disposed of to the waste rock dumps or used for PAF encapsulation. The breakdown of the different 

quantities of waste rock disposed to these different locations throughout the mine life is shown in 

Table 3.33. 

The NAF/PAF waste rock dump is the only waste rock dump that will be used for encapsulation of 

PAF material on the surface (Figure 3.51) and the only place PAF waste rock will remain on the 

surface on mine closure. Stringent engineering and surface water drainage control will be employed in 

the construction of this dump to ensure that the generation of contaminated leachate is avoided or 

minimised and that no discharges occur to surface water or groundwater resources. On completion, 

the dump will contain approximately 57000 m
3
 of PAF material and 392,000 m

3
 of NAF, or 13% PAF 

material and 87% NAF. This percentage of PAF to NAF waste rock is more than adequate to provide 
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encapsulation of the PAF material and provides a significant volume of NAF material within the dump 

to neutralise any acid leachate should it form. 

The conceptual design of the NAF/PAF waste rock dump is shown in Figure 3.51. PAF material will 

not be stored in the base or slopes areas of the waste rock dump, only in the central core of the 

dump. The waste rock dump will be constructed with at least a 1 m layer of well compacted NAF 

waste rock at the base of the dump. The outer walls of the dump and areas under the outer slopes will 

be built exclusively from NAF material to produce an outer NAF encapsulation wall. The final slope of 

the outer waste dump walls will be approximately 15 degrees and will have a concave type profile, so 

as to resemble a natural hill. The outer walls of the dump will be built up progressively around the 

inner PAF core so that no rainfall runoff from the PAF material can exit the facility. PAF material in the 

centre of the dump will be built up in layers of 1 – 1.5 m thick to aid compaction of the material and 

minimise rainfall infiltration. Intermediate barrier layers of NAF rock will  be used to encapsulate PAF 

lifts, especially prior to the wet season. PAF waste rock may be co-disposed of with high acid 

consuming NAF material within the core of dumps if necessary.  

The waste rock dump will be constructed mainly of fresh waste rock, not containing clays or 

weathered material. The dump batters are much flatter (15 degrees) than the standing angle of 

repose of the material (approximately 39 degrees). There are no significant geological structures or 

known zones of weakness immediately beneath the waste dump. For these reasons, the waste rock 

dump will be geotechnically stable. The final height of the waste rock dump will be approximately 

12.5 m. 

On completion of the waste rock dump, the top of the dump will be sealed with a compacted low 

permeability layer of suitable NAF waste rock or other material (of at least 0.5 m depth) and then 

covered with at least 1 m of NAF waste rock as a rainfall shedding cover. The top of the dump will 

slope gently to the north so that during large rainfall events water will not pool on the top of the dump 

as this may increase the chances of infiltration through the compacted low permeability layer. Rainfall 

will be directed off the dump via a series of rock lined drains. 

The final rehabilitated design of the PAF/NAF waste rock dump is described in Section 3.7.3. 

Stormwater drainage off the rehabilitated NAF/PAF waste rock dump is expected to be non-

contaminated due to the above encapsulation strategy, although may contain levels of suspended 

sediment. Therefore the stormwater dam downstream of the PAF/NAF waste rock dump will remain 

on rehabilitation to remove entrained sediment prior to stormwater discharge (which will only occur in 

extreme rainfall events). This stormwater dam and its location are described in Section 3.5.4.1.  
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Figure 3.50 Waste Rock and Stockpile Location and Design 
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Figure 3.51 Conceptual NAF/PAF Waste Rock Dump Design

12.5m 

Topsoil layer 

100 – 200 mm thick 

 



 
 
 
 

EIS Section 3 – Description of Project 3 - 135 November 2010 

The south waste rock dump (Figure 3.50) will only contain civil cut material excavated from the mining 

and processing area ponds or NAF waste rock material brought up from the underground mine. NAF 

waste rock that is stockpiled in this dump will be also be returned underground as rock fill or paste fill 

as required. On completion of the mine, this waste rock dump is only likely to contain the civil cut 

material with all NAF waste rock returned underground. In addition this civil cut material is likely to be 

removed to the TSF on mine closure for use as a cover media as described in the rehabilitation 

Section 3.7.3. During the construction and operating phase of the mine this waste rock dump will be 

drained by a stormwater dam as described in Section 3.5.4.1. 

The North PAF Stockpile area will act as a temporary stockpile for PAF material that will be disposed 

of back underground. This stockpile area is an extension of the lead/zinc ROM Pad as shown in 

Figure 3.50. The base of this area will be constructed from compacted NAF waste rock with all 

stormwater drainage off the area being directed to a HDPE lined stormwater dam as described in 

Section 3.5.4.1. The outer extent of the top of the stockpile area will be bunded so that no 

contaminated stormwater can enter the environment. Once the Project is in the operating phase PAF 

waste rock will only remain on the surface for a few months before being disposed of underground. 

On closure of the mine, there will be no PAF waste rock left on this pad.  The NAF waste rock that 

formed the base of the stockpile will be consumed as underground rock fill. 

The NAF waste rock and civil cut material that will remain in the Lead/Zinc ROM Pad, Copper ROM 

Pad, Off ROM Pad and mine road areas on completion of mining is likely to be removed to the TSF 

on mine closure, for use as a cover material on the TSF. This process is described in Section 3.7.3. 

Regular surface water and groundwater sampling programs will occur downstream of all waste rock 

dumps and ROM Pads to detect any contamination. Should any contaminated runoff occur this would 

be captured by the downstream stormwater dams or sediment dams and either evaporated or reused 

through the process plant water system. The base of the NAF/PAF waste rock dump and North PAF 

Stockpile area will be constructed from compacted NAF material which will provide both a barrier to 

the downward infiltration of any contaminated leachate and a neutralisation medium. Should 

contaminated leachate be detected in the groundwater aquifer around these areas a groundwater 

pump back system to the process plant water system would need to be initiated. 

3.6.3.2 Waste Rock Disposal Schedule 

The scheduling for the final destination of waste rock excavated from the underground operations is 

provided in Figure 3.52 for each year of the mine life. This figure details the tonnage of waste rock to 

be deposited underground as either rock fill or with paste fill and the waste rock that will be deposited 

on the surface in purpose built waste rock dumps or temporary stockpiles. In the initial period of 

mining rock fill and stockpiling on the surface are the more prominent disposal methods. In the later 

years of mining, co-disposal with paste fill becomes more common.  

Table 3.34 differentiates the tonnages of NAF or PAF material that will be stockpiled on the surface 

each year. PAF material stockpiled on the surface ranges from 2.1% of the total waste rock material 

stockpiled in 2012 to 59% of material stockpiled in 2035, due to the location of where mine 

development is occurring at that time.  

Table 3.35 details the amount of waste rock to be left in the surface stockpiles at the end of the mine 

life. The NAF/PAF waste rock dump will be the only place PAF waste rock will remain on the surface 

on mine closure, all other remaining stockpiles of PAF will be disposed of underground. On 

completion, the NAF/PAF waste rock dump will contain approximately 57,000 m
3
 of PAF material and 

392,000 m
3
 of NAF, or 13% PAF material and 87% NAF, which is more than adequate to provide for 
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encapsulation. The NAF waste rock and civil cut materials in the other stockpiles remaining on the 

surface at the end of the mine life will be removed to the TSF for use in rehabilitation of this facility. 
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Figure 3.52 Waste Rock Schedule and Disposal Methods
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Table 3.34 Waste Stockpiled on Surface (tonnes) Each Year 

Year 
PAF NAF 

Total NAF/PAF 
Tonnes % Tonnes % 

2012 715 2.1% 34,105 97.9% 34,820 

2013 19,450 4.5% 412,247 95.5% 431,696 

2014 19,749 4.0% 478,388 96.0% 498,137 

2015 17,663 13.3% 115,324 86.7% 132,986 

2016 22,794 29.4% 54,712 70.6% 77,506 

2017 20,846 10.8% 171,713 89.2% 192,559 

2018 19,726 35.4% 35,985 64.6% 55,711 

2019 13,998 36.3% 24,544 63.7% 38,543 

2020 12,602 32.4% 26,312 67.6% 38,915 

2021 10,264 26.7% 28,240 73.3% 38,504 

2022 10,598 42.9% 14,110 57.1% 24,708 

2023 13,723 51.8% 12,777 48.2% 26,500 

2024 8,165 19.6% 33,481 80.4% 41,646 

2025 12,870 13.9% 80,027 86.1% 92,897 

2026 8,130 12.8% 55,538 87.2% 63,668 

2027 2,173 29.0% 5,320 71.0% 7,493 

2028 3,276 6.5% 47,296 93.5% 50,572 

2029 13,214 7.2% 169,253 92.8% 182,467 

2030 8,887 12.0% 65,330 88.0% 74,217 

2031 2,640 10.4% 22,777 89.6% 25,417 

2032 7,115 9.2% 69,875 90.8% 76,990 

2033 11,925 9.5% 113,395 90.5% 125,319 

2034 19,510 7.3% 249,208 92.7% 268,718 

2035 6,078 58.7% 4,280 41.3% 10,358 

2036 1,151 35.7% 2,069 64.3% 3,220 

2037 892 42.8% 1,194 57.2% 2,087 

2038 27 33.3% 53 66.7% 80 

2039 149 36.0% 264 64.0% 413 

2040 947 5.4% 16,559 94.6% 17,506 

Total 289,278  2,344,377  2,633,655 
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Table 3.35 Volumes of Waste Rock to Remain on Surface at End of Mine Life 

Name 

Volumes at Closure to Remain on Surface (m
3
) 

From Civil Cut 
(NAF) 

From U/G 
Mine (PAF) 

From U/G Mine 
(NAF) 

TOTAL 

Lead/Zinc 
ROM Pad 

250,942 - - 250,942 

Copper ROM 
Pad 

- - 134,183 134,183 

Off ROM 
Stockpile 

  246,493 246,493 

ROM Pad 
Pond Walls 

38,677 - - 38,677 

Mine Roads 38,791 - 22,224 61,015 

South Waste 
Rock Dump 

- - 19,191 19,191 

NAF/PAF 
Waste Rock 
Dump  

- 57,291 392,376 444,865 

Total 328,410 m
3
 57,291 m

3
 814,467 m

3
 1,200,168 m

3
 

 

3.6.3.3 Waste Rock Characterisation 

A Waste Rock Characterisation Report for the Project was prepared by Environmental Geochemistry 

International Pty Ltd (EGi) and is contained in Appendix H. EGi reviewed the findings of two previous 

geochemical studies (AARC 2008; AGC Woodward-Clyde 1991) and undertook an additional program 

to assess the geochemical characteristics of samples representing waste rock that will be produced 

during the development of the Dugald River underground mine. 

Methodology 

Overall, three geotechnical studies of waste rock on the Dugald River project have been conducted.  

The first study was of a preliminary nature carried out by AGC Woodward-Clyde (1991) as part of pre-

feasibility studies. This study involved the assessment of the acid forming potential of 18 drill core 

samples representing waste rock and another five samples representing ore grade material within the 

lead/zinc lode. The samples were taken from seven drill holes and the lithologies represented by the 

waste samples were hanging wall slate (6 samples), footwall slate (8 samples) and limestone (4 

samples).  

A second, more detailed investigation of waste rock geochemistry was undertaken by AARC (2008). 

This study included static geochemical analysis of 121 drill core samples and also establishment of a 

series of kinetic leach column tests. The samples were taken from 12 diamond drill holes and were 
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representative of the following lithologies: calc-silicate (23 samples), mafic feldspar porphyry (3 

samples), white mica schist (13 samples) hanging wall slate (38 samples), lode waste (10 samples), 

footwall slate (16 samples) and foot wall limestone (18 samples).  

The testing programs for both studies involved measurements of existing pH, Total Sulphur content, 

Acid Neutralising Capacity (ANC) and Net Acid Producing Potential (NAPP). Investigations conducted 

by AARC (2008) also included measurement of Net Acid Generation (NAG) capacity.  

During the assessment of geochemical characteristics and Acid Rock Drainage (ARD) potential of 

waste rock carried out by AARC (2008) column leach tests were also conducted. These were 

undertaken to quantify the longer-term geochemical behaviour of different waste rock lithologies at 

real time under conditions that are conducive to sulphide oxidation and metals leaching. The column 

tests commissioned by AARC operated for either 44 or 68 weeks and involved composites of drill core 

samples representing the following waste rock types:  

• Column 1 - hanging wall slate (uncertain), 

• Column 2 - footwall limestone (NAF), 

• Column 3 - PAF waste mixture (comprising lode waste and pyritic/mineralised 

footwall slate) 

• Column 4 - footwall slate (NAF), 

• Column 5 - calc-silicate (NAF), 

• Column 6 - calc-silicate & mafic feldspar porphyry mix (NAF), 

• Column 7 - mica schist (NAF). 

The most recent characterisation program, undertaken by EGi (2010), comprised of 72 drill core 

samples selected by MMG. When combined with the previous geochemical investigations, this 

represents a total of 211 samples representing Dugald River waste rock. The samples were 

distributed between the seven lithologies as presented in Table 3.36. 

Table 3.36 Distribution of Waste Rock Samples Across Lithologies 

Lithology 

Waste Rock Characterisation Program 

Combined AGC 
Woodward-
Clyde (1991) 

AARC (2008) EGi (2010) 

Calc-silicate 0 23 8 31 

Mafic feldspar porphyry 0 3 4 7 

White mica schist 0 13 4 17 

Hanging wall slate 6 38 8 52 
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Lithology 

Waste Rock Characterisation Program 

Combined AGC 
Woodward-
Clyde (1991) 

AARC (2008) EGi (2010) 

Lode waste 0 10 8 18 

Footwall slate 8 16 20 44 

Footwall limestone 4 18 20 42 

 

The guideline on Assessment and Management of Acid Drainage (DERM 1995) provides minimum 

numbers of samples that should be collected from each rock type based on the tonnage that will be 

mined. The tonnages of the various waste rock units generated by the Dugald River zinc/lead 

underground development will be 0.46 Mt of hanging wall slate, 0.66 Mt of lode waste, 2.88 Mt of 

footwall slate, and 3.11 Mt of footwall limestone. The corresponding minimum number of samples for 

each tonnages based on interpolation of the DERM guideline are 18, 21, 43 and 45, respectively. 

Therefore, over the three geochemical assessment programs the numbers of samples tested were 

comparable to the DERM guideline. 

During the EGi (2010) geotechnical program, samples underwent a period of preparation during which 

the samples were crushed and milled. Core pulps were subsequently put through a static testing 

program which conformed to that used during previous studies (AARC 2008; AGC-Woodward Clyde 

1991). Parameters assessed were:  

• Existing pH and conductivity 

• Total Sulphur content 

• Maximum Potential Acidity (MPA) 

• Acid Neutralising Capacity (ANC) 

• Net Acid Producing Potential (NAPP) 

• Net Acid Generation (NAG) capacity 

The NAPP and NAG test results were reviewed then some samples were selected for more detailed 

analysis to either clarify the ARD classifications, assess sulphide or carbonate reactivity, and/or 

identify elemental enrichments and their potential leachability. The detailed testing of selected drill 

core samples included one or more of the following: 

• Sulphur forms    - 15 samples 

• Sequential NAG test   - 2 samples 

• Kinetic NAG tests   - 5 samples 

• Acid buffer characteristic curves - 5 samples 
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• Solids multi-element analyses  - 15 samples 

• Water extractable elements  - 15 samples 

• Acid extractable elements  - 15 samples 

• Peroxide extractable elements  - 15 samples 

Certain NAF samples were also analysed for erosion potential as these lithologies may be used to 

encapsulate PAF materials and therefore be exposed to erosional forces on the outside of the waste 

rock dumps. Testing included: 

• • Cation Exchange Capacity; and 

• • Exchangeable Sodium Percentage. 

Acid Forming Potential 

The acid forming potential of the waste rock samples was assessed by examining the sulphur 

content, ANC and NAPP. 

The sulphur content distribution of the seven lithologies is shown in Table 3.37. The sulphur content in 

calc-silicate, mafic feldspar porphyry and white mica schist samples was generally low, whereas the 

sulphur content in lode waste, hanging wall slate, footwall slate and footwall limestone had moderate 

to high sulphur content. 

Table 3.37 Sulphur Content 

Lithology %S Median %S Range 

Calc-silicate <0.01 <0.01-1.57 

Mafic feldspar <0.10 <0.01-0.77 

White mica schist 0.03 <0.01-0.29 

Hanging wall slate 1.8 <0.01-14.4 

Lode waste 6.4 1.2-16.6 

Footwall slate 1.1 0.45-14.6 

Footwall limestone 1.0 0.1-2.12 

 

The ANC distribution of the seven lithologies is shown in Table 3.38. Footwall limestone, calc-silicate 

and footwall slate samples had high to very high ANCs. Hanging wall slate and white mica schist 

samples had noticeably lower ANCs. The ANCs of the lode waste samples were bi-modal. 

Table 3.38 Acid Neutralising Capacity 

Lithology 
Median 

(kg H2SO4/t) 
Range 

(kg H2SO4/t) 
Percent with ANC 

>100kg H2SO4/t 

Calc-silicate 169 9-688 81 

Mafic feldspar 79 21-401 43 
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Lithology 
Median 

(kg H2SO4/t) 
Range 

(kg H2SO4/t) 
Percent with ANC 

>100kg H2SO4/t 

White mica schist 32 9-252 24 

Hanging wall slate 31 5-455 27 

Lode waste 13 5-398 28 

Footwall slate 108 11-548 55 

Footwall limestone 235 10-552 90 

 

The calculation of NAPP represents the balance between a sample‟s acid potential and neutralisation 

capacity; this is sometimes also referred to as an acid-base account. The NAPP distribution for each 

of the lithologies is shown in Table 3.39. Samples representing calc-silicate, mafic feldspar porphyry, 

white mica schist and footwall limestone had a neutralising capacity that exceeded the acid potential, 

in many cases by large amounts (i.e. strongly NAPP negative). Footwall slate samples were NAPP 

negative, lode waste samples were predominantly NAPP positive and hanging wall slate samples 

were evenly divided. 

Table 3.39 Net Acid Producing Potential 

Lithology 
Median 

(kg H2SO4/t) 
Range 

(kg H2SO4/t) 
Percent with +ve 

NAPP 

Calc-silicate -161 -688 to -9 0 

Mafic feldspar -72 -401 to -21 0 

White mica schist -31 -246 to 0 0 

Hanging wall slate 10 -423 to 421 58 

Lode waste 104 -187 to 500 78 

Footwall slate -71 -512 to 390 20 

Footwall limestone -195 -513 to 18 2 

 

Acid Rock Drainage (ARD) Classification 

The ARD classification criteria were as follows: 

 Non-Acid Forming (NAF) – A sample was considered to be NAF it if had a negative NAPP 

and the sample did not acidify to any significant extent when oxidised with peroxide in the 

NAG test (i.e. NAG=0 or NAG=4.5). Although sulphides may be present in such samples, 

the inherent ANC is generally sufficient to neutralise any acid that might have been produced 

by sulphide oxidation. 

 Potentially Acid Forming (PAF) – A sample was considered to be PAF if the NAPP and 

NAG were both positive. The exposure of such rock to atmospheric conditions is likely to 

result in sulphide oxidation, which in turn could result in tailings acidification. 

 Uncertain (UC) – With some samples there was a disparity between the NAPP and NAG test 

results, and un such cases an uncertain (UC) classification was assigned. A disparity may 
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occur if the NAPP is negative but the sample acidifies to less that pH 4.5 in the NAG test, or 

when the NAPP is positive but it does not acidify under NAG test conditions. The former may 

occur when the ANC within a sample is not readily available, and the latter may occur when 

some sulphur occurs as sulphate or as sulphides that do not generate acid when oxidised. 

The ARD classification considered most likely was indicated in brackets e.g. UC(NAF) or 

UC(PAF). 

The results of the ARD classification are shown in Figure 3.53, excluding the 18 samples from the 

AGC-Woodward Clyde (1991) study which did not include NAG testing. The ARD classification plot 

illustrates the concurrence of the NAPP and NAG test results. The majority of samples were plotted 

as either NAF or PAF. Only 5 samples could not be definitively classified due to conflicting NAG and 

NAPP test results. These five samples were tentatively classified as 3 PAF samples and 2 NAF 

samples. 
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Figure 3.53 ARD Classification Plot for Dugald River Waste Rock 
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The distribution of the lithologies following classification is shown in Table 3.40 below.  

Table 3.40 ARD Classification of Lithologies 

Lithology 
Total 

Samples 

PAF NAF 

No. % No. % 

Calc-silicate 31 0 0 31 100 

Mafic feldspar porphyry 7 0 0 7 100 

White mica schist 17 2 12 14 88 

Hanging wall slate 52 28 54 24 46 

Lode waste 18 13 72 5 28 

Footwall slate 44 9 20 35 80 

Footwall limestone 42 1 2 41 98 

 

The key acid forming characteristics of each lithology can be summarised as follows: 

 Calc-silicate 

o Negligible sulphur and high to very high ANC 

o Virtually all likely to be NAF and most will have large excess of neutralising capacity 

due to high carbonate content 

 Mafic feldspar porphyry 

o Low sulphur and moderate to high ANC 

o Only a small number of samples tested but results indicate this waste rock will be 

NAF, most with a considerable excess of neutralising capacity 

 White mica schist 

o Low sulphur and variable ANC (from low to high) 

o Results suggest this waste rock will be predominantly devoid of sulphur and hence 

will be NAF but there is a possibility of some material with low ANC and slightly 

elevated sulphur to be PAF, albeit with a low capacity for acid generation 

 Hanaging wall slate 

o Moderate to high sulphur content and variable ANC 

o Results indicate a major portion of this waste rock will be PAF, some with very high 

capacity for acid generation 

o There will also be some NAF rock which will be distinguished by having a high to very 

high ANC 
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 Lode waste 

o High to very high sulphur and variable ANC 

o Majority will be PAF with very high capacity for acid generation 

o Some NAF rock which will be distinguished by having a high to very high ANC 

 Footwall slate 

o Moderate to high sulphur content and moderate to high ANC 

o Predominantly NAF but some rock with low ANC is likely to be PAF 

 Footwall limestone 

o Moderate sulphur content and moderate to high ANC 

o Virtually all of this waste rock is likely to be NAF and will have a large excess of 

neutralising capacity 

Main Findings 

Overall, results for 211 samples were assessed. They included 31 samples representing calc-silicate, 

7 mafic feldspar porphyry, 17 white mica schist, 52 hanging wall slate, 18 lode waste, 44 footwall 

slate, and 42 footwall limestone. The results for these samples suggest that: 

 Waste rock from the calc-silicate, mafic feldspar porphyry, white mica schist lithologies 

associated with the mining of copper ore, and also waste rock from the footwall limestone 

lithology will be NAF, with the calc-silicate and footwall limestone likely to have high to very 

high neutralisation capacity. 

 Waste rock from within the lode zone will almost invariably be PAF and have a high to very 

high capacity for acid generation if exposed to atmospheric conditions. It is also likely that 

some slate waste rock from the adjoining hanging wall and footwall will be pyritic and strongly 

PAF. Approximately 54% of the hanging wall slate samples tested, and 20% of the footwall 

slate samples tested were classified as PAF. 

Elemental analyses of selected samples were also carried out to identify any enrichments that might 

be environmentally significant in terms of impacting on the quality of mine water and waste dump 

seepage. No significant metal or metalloid enrichments were identified in the calc-silicate, mafic 

feldspar porphyry and white mica schist but many of the hanging wall slate, footwall slate and lode 

waste samples were highly enriched with one or more of a range of environmentally important 

elements on comparison to concentrations typically occurring in background soils. The most prevalent 

enrichments were arsenic, cadmium and zinc. There was also less frequent enrichment with copper, 

lead, mercury, and selenium. 

The enriched elements listed above form an elemental association that is commonly reported for a 

hydrothermal base metal deposit; hence their occurrence within the lode waste and the hanging wall 

and footwall slate adjoining the lode is expected. However, they are all regarded as environmentally 

important in terms of water quality, human health and/or aquatic life. 



 

 
 
 
 

EIS Section 3 – Description of Project 3 - 148 November 2010 

A series of batch extraction tests were carried out on selected samples to assess the potential for 

mobilisation of environmentally important elements under both acidic and neutral mine drainage 

conditions. Also, the results of column leach tests previously commissioned by AARC were reviewed 

to identify elements that might be released from different waste rock lithologies when exposed to 

atmospheric conditions. Elements that exhibited a higher propensity for release under oxidising 

conditions included zinc, lead, nickel, manganese, copper, cobalt, and to a lesser extent arsenic. 

However, significant releases of these elements were almost exclusively confined to PAF waste once 

acidification had occurred. With the NAF rock producing neutral drainage, the concentrations of 

environmentally important elements were typically at trace values only. Elements that showed little or 

no propensity for release regardless of pH included mercury, tin, chromium, selenium and antimony. 

Erosion Testing 

All NAF samples that were tested for Exchangeable Sodium Percentage showed low levels, indicating 

the materials are non-sodic and therefore non-dispersive. As the Electrical Conductivity of the 

samples was also very low these materials are unlikely to be susceptible to erosion. The Cation 

Exchange Capacity of the NAF materials were all high meaning the materials are relatively un-

weathered and have a capacity to retain large amounts of cations against potential loss by leaching. 

These results indicate that all NAF materials are suitable for encapsulating PAF materials and for use 

on the outer slopes of the waste rock dumps. 

Proposed Mitigation Strategies and Implications for Waste Rock Management 

The results of waste rock studies suggest that most lode waste and some pyritic slate in the hanging 

wall and footwall adjoining the lode will have a high acid generating potential and consequently a high 

level of management will be required to limit sulphide oxidation and minimise the risk of ARD 

generation occurring if such material is brought to the surface and exposed to atmospheric conditions. 

Clearly, highly PAF waste should be preferentially used as underground fill where possible. For PAF 

waste that needs to be stockpiled temporarily at the surface, or permanently placed within a dump, it 

is recommended that mining and handling procedures are developed that will allow selective 

placement of PAF waste in a manner that minimises rainfall infiltration (to limit leaching) and oxygen 

ingress (to limit oxidation). Prevention or control of acid rock drainage within stockpiles or dumps of 

pyritic waste rock will require adoption of strategies that involve one or more of the following: 

 In-situ neutralisation of acid generation via blending of PAF rock with other materials that are 

non-acid forming, in particular high carbonate materials such as the footwall limestone or 

hanging wall calc-silicate; 

 Minimisation of pyrite oxidation processes within dumped PAF waste via: 

o Isolation and encapsulation of PAF rock within cells within the core of a dump or 

stockpile.  

o Prevention of convective air movement by constructing dumps in small, compacted 

lifts, 

o Excluded PAF rock from the area under the outer slope of dumps where convective 

air movement tends to be greatest; 

o Excluded PAF rock from the base layer of the waste rock dump and from existing 

drainage lines so that the under-drainage is not in contact with sulphidic mineralised 
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rock. To the extent possible, limestone or calc-silicate should be placed in drainage 

lines to impart some alkalinity to drainage prior to emergence at the dump toe. 

o Construction of intermediate or final barrier layers which limit oxygen diffusion. 

Progressive encapsulation of PAF rock using intermediate cover layers would reduce 

leaching of PAF rock during dump construction, and in the longer term such layers 

would also provide a source of alkalinity to any pore water moving down into PAF 

rock zones within a dump. 

 Minimisation of acid drainage migration via: 

o Controls on surface drainage, 

o Incorporation of layers of low hydraulic conductivity. 

The two key ingredients for pyrite oxidation are water and oxygen. Whilst it is generally best practice 

to divert surface waters away from dumps, and to place final cappings that minimise rainwater 

ingress, such measures are unlikely to produce a dump in which the moisture content is low enough 

to prevent sulphide oxidation. In the wet-dry climatic setting that occurs at the Dugald River site, the 

only practical mechanism for controlling sulphide oxidation will be to limit the movement of 

atmospheric oxygen into stockpiled material. This can generally be achieved by either burial and 

isolation of PAF rock within cells within the core of a dump, or by construction of an outer cover that 

incorporates a layer with a low air-filled porosity which will act as a barrier to inward gaseous 

movement. It is essential that any stockpiled waste rock remaining at the surface at mine closure has 

a final cover layer comprising only NAF material. Such a cover would serve as a revegetation layer 

and provide circum-neutral surface runoff.  

3.6.4 Tailings Disposal  

The thickener underflow slurry from the process plant will discharge at a solids density of 

approximately 50% to 55% w/w solids, and will be pumped to an intermediate storage tank. A pump-

set consisting of four centrifugal pumps operating in a series configuration will transfer thickened 

tailings slurry to the TSF. Alternatively, if the mine requires the tailings for use as underground paste 

fill, the slurry will be redirected to a second tailings storage tank located at the paste plant facility.  

3.6.4.1 Paste Fill Plant 

The total tailings flow will be transferred to the paste plant (located as per Figure 3.54) whenever 

there is a requirement for paste fill underground. This will result in the tailings line being idle for 

periods between 8 hours and 55 hours, depending on the back fill requirement. The section of tailings 

line between the top of Knapdale Range and the TSF will free drain when the line is idle, so the 

system design will have capacity for any water or slurry which flows back down to the process plant. 

The paste plant facility will be a stand-alone plant located on the surface near the mine‟s southern 

portal entry, to the west of the process plant. Paste backfill will be supplied to the mine via a borehole. 

The paste plant will be required to provide a slow paste fill rate and a fast paste fill rate; these are 

equivalent to approximately 38% and 100% of instantaneous flotation tailings production. When the 

mine does not require paste fill, process plant tailings will be directed to the TSF. The peak solids 

feed flow treated by the paste filter will be approximately 185 tph. The two speed production will be 

achieved by operating either one or both the paste disc filters.  
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According to ATC the particle size distribution of the tailings stream is suitable to produce paste and 

no pre-treatment of the tailings stream such as size classification or addition of sand or aggregate is 

required.  

 

Figure 3.54 Paste Plant Location 

A description of the paste plant process is described hereafter and the paste plant layout is shown in 

Figure 3.55. 

Tailings Receipt 

Thickened process plant tailings will be pumped from the from the process plant to a 1,575 m
3
, 

agitated storage tank located at the paste fill production plant. The storage tank will be sized to 

provide sufficient tailings for the average first fill of each stope that needs a slow fill rate. 

Tailings Filtration 

Tailings slurry will be pumped from the agitated storage tank to two disc filters. The filter baths will be 

fitted with an internal overflow weir that ensures a constant slurry level in the filter bath.  

The disc filters will consist of a slurry tank through which the discs rotate. A vacuum pump will 

produce a vacuum across the filter cloth fitted over the disc sectors and as the disc passes through 

the slurry tank, a cake will form on the surface of the disc cloth. The disc sector, complete with cake, 

will then cycle out of the bath. A vacuum will be maintained on the disc through to discharge. An air 

pulse will be applied to the disc ahead of the discharge point to expand the cloth and force the cake 

from the disc. The disc will then continue to travel back into the bath and the cycle is repeated. 



 

 
 
 
 

EIS Section 3 – Description of Project 3 - 151 November 2010 

Each filter will have a dedicated vacuum pump and filtrate-collection system. Each filtrate-collection 

system will consist of two filtrate receivers, one that collects liquid from the forming filter cake and a 

second that collects filtrate during cake drying. The filtrate will discharge from the filtrate receivers via 

barometric legs to a single seal tank that overflows to the filtrate tank. 

Paste-mixing dilution water will be supplied from the filtrate tank, with excess water pumped to the 

process water tank. 

Filter cake will discharge from the filter and fall onto a conveyor located beneath each filter. The 

conveyor will transport the filter cake to the feed end of a double screw pug mixer. 

Cement Storage and Metering 

Cement will be stored in two cement storage silos located next to the paste backfill plant. The cement 

will be pneumatically discharged from the cement transport tankers using an on-board dedicated air 

blower system.  

Each cement silo will be fitted complete with dedicated rotary valve, weigh feeder and screw feeder to 

meter cement at the required rate to the double screw pug mixer.  

Paste Mixing 

The double-screw paste mixer (also known as a „pug mixer‟) combines the filter cake, dilution water 

and cement to a homogenous mixture. The paste ingredients will be added at the feed end of the 

mixer and discharge as paste at the discharge end of the mixer. 

Surface Paste Distribution 

Paste discharging from the paste mixer will be collected in a hopper from where it will flow to the 

stopes that require filling. The current design does not include a paste-transfer pump and assumes 

that there is sufficient fall to allow adequate gravity transfer of paste. Should there be insufficient fall, 

a transfer pump will need to be added. 
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Figure 3.55 Paste Plant Layout 

3.6.4.2 Tailings Storage Facility  

ATC were commissioned to conduct the TSF study, with the objective being the investigation of 

storage options, analyses, design, costing and documentation of a working life of mine tailings 

storage scheme (Appendix K). Rehabilitation of the TSF will be discussed in Section 3.7.2. 
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The TSF design has been based on lead/zinc/silver ore reserves of approximately 47 Mt, processing 

up to 2 Mt per annum over a 26 year mine life. The total lead/zinc/silver tailings quantity for the TSF is 

22.8 Mt of solids (41.6 Mt of slurry), assuming an overall proportion to underground paste backfill of 

36.8%.  

For a full description of the TSF construction and detailed TSF design drawings see Section 3.2.7. 

The copper concentrator will produce approximately 19.5 Mt of copper tailings solids (35.5 Mt of 

slurry) over the anticipated mine life. The addition of copper tailings to the TSF starting in 2017 will 

therefore reduce the life of the current TSF design from 26 years to 15 years, meaning that before 

2026, additional design work and permitting would be needed to increase the capacity of the facility. 

Any expansion of the TSF can be accommodated by the current location by raising the embankment 

walls and additional approvals would be sought for these works at the appropriate time. Tailings from 

copper ore are expected to have a lower MPA based on the lower average sulphur content of the 

copper ore (3.14%) resulting in lower sulphur content in copper tailings than in zinc/lead tailings. In 

addition, copper tailings geochemical testing would be conducted and the results submitted to the 

DERM prior to using the TSF for copper tailings disposal. 

Knapdale Ranges Site 

The chosen TSF site is a long, narrow bifurcated valley running north-south on the western side of the 

Knapdale Ranges (Figure 3.56 and Figure 3.7 in Section 3.1.2). The valley is approximately 4 km 

north-west of the processing plant. Tailings containment is almost entirely provided by the valley 

topography. The TSF will consist of a single large embankment on the western side, a down-valley 

discharge of tailings, and all decant and runoff water being stored centrally within the tailings 

impoundment (i.e. no secondary water storage pond).  

Tailings will be pumped up into the Knapdale Ranges from the process plant, running alongside the 

access road to the accommodation camp. Discharge will occur on a rotational basis from both the 

southern and northern ends of the valley, such that the tailings beach low point is maintained in the 

centre of the valley, where the decant pond will form. Decant return will be via a floating pontoon 

tethered on the eastern side of the valley. A decant return pipeline and access road will be required to 

link the eastern side of the TSF to the Mine Camp. A self-shedding profile will be developed for 

rehabilitation and closure.  

The Knapdale Ranges consist of competent, hard quartzite rock of low permeability. No significant 

groundwater resource is present, and there is no practical means of hydrogeological connectivity with 

the Cabbage Tree Creek catchment area to the west. 

Alternative options for tailings disposal and a full justification for the chosen site are provided in 

Section 2.2.4.6. 
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Figure 3.56 Overall Site Plan of Tailings Storage Facility 
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TSF Site Seismicity and Embankment Stability 

A seismic analysis of the Dugald River TSF main embankment was undertaken and stability analyses 

performed. The governing design principle is that the embankment must be designed in a manner 

such that the integrity of the structure with respect to stability under static and seismic loading 

conditions is preserved. This assessment also included a probabilistic seismic hazard assessment of 

the region, conducted by the Seismology Research Centre in Australia. All identified faults where 

incorporated into the seismotectonic model. 

Using the design criteria and the USCE seismic screening approach, the proposed embankment 

design was found to comply in terms of all static and seismic loading cases. 

The observed basis earthquake (serviceability loading) minimum factor of safety for the upstream 

slope was found to be 1.41 during Stage 1, whilst for the downstream slope a minimum factor of 

safety of 1.41 was also obtained when the embankment is raised to Stage III. Given that a FS of 1.0 

using the USCE method indicates negligible rockfill deformation, these results are considered 

satisfactory. 

The results for the maximum design earthquake cases are all greater than 1.0, indicating that 

deformations would not be expected during the extreme loading case. As a result, no further analyses 

would be required for this embankment option.   

Physical Properties of Lead/Zinc/Silver Tailings 

Prototype, bulk floatation tailings samples were prepared at Amdel Mineral Laboratories, and shipped 

in May 2008 to the National Association of Testing Authorities (NATA) accredited ATC laboratory in 

Melbourne for the characterisation of their physical properties. Test work has included basic 

characterisation tests (particle density, plasticity) and specialised tailings testing (initial and shrinkage 

limit density, rheology, Rowe Cell consolidation).  

The following is a summary of the tailings physical properties resulting from the test work: 

 Specific Gravity (SG) – 2.96; 

 Particle Size Distribution – P80  approximately 50 µm; 

 Atterberg Limits: 

o Liquid Limit  = 21; and  

o Plasticity Index = 6.  

 Unified Soil Classification – Low plasticity Silt; and 

 Segregation Threshold – 46% solids. 

The adopted tailings design density parameters are presented in Table 3.41.  
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Table 3.41 Adopted Tailings Density Parameters 

Discharge Solids 
Content  

(%) 

Sedimented Density Shrinkage 
Limit 

Density 
(t/m

3
) 

Solids Content (%) Density (t/m
3
) 

50 66 1.18 

1.63 

55 67 1.20 

 
Settling and Consolidation Characteristics 

In general, the density of tailings increases with time. The increase in density is a result of three 

processes: sedimentation, consolidation and desiccation. 

Sedimentation occurs soon after discharge and results in the liberation of free water, which is referred 

to as bleed water. 

Consolidation is a time dependent process whereby water is “squeezed” from the pore spaces in the 

tailings due to their self weight.  

Desiccation occurs when the rate of evaporation exceeds the rate at which consolidation water is 

expelled from the tailings surface. The dry density caused by desiccation, at the tailings surface, can 

be estimated from laboratory testing and is called the shrinkage limit density. This density has been 

estimated at 1.63 t/m
3
 for Dugald River tailings.   

As deposition continues, the addition of tailings will eventually lead to further consolidation and 

resultant increase in density.   

Consolidation modelling has been carried out for the Knapdale Valley TSF. The major inputs to the 

model are: 

 Tailings discharge rate; 

 Discharge solids content; 

 Sedimented solids content; 

 Impoundment geometry; 

 Consolidation parameters; and 

 Boundary conditions; 

Figure 3.57 presents the computed dry density profile for the tailings adjacent to the Main 

Embankment at the end of mine life. The shrinkage limit density is also shown in Figure 3.57.  
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Figure 3.57 Normally Consolidated Tailings Density Profile 

Points of note include: 

o The tailings will be at least normally consolidated during the majority of the deposition period, 

and that there will be minimal post deposition settlement. This is due to the following: 

o The typical depth of tailings required to exceed the shrinkage limit density is 

approximately 9 m. Under normal operating conditions the dry beach area will 

develop a crust relatively quickly, and desiccation, accompanied by surface cracking, 

will commence. 

o It is important to note that the consolidation profile shown in Figure 3.57 neglects the 

desiccation effects of evaporative drying on the exposed beach. If the Shrinkage Limit 

Density is superimposed on the profile shown in Figure 3.57, it can be expected that 

most of the shallow tailings will achieve a significantly higher density than the 

normally consolidated profile, as a direct consequence of evaporative drying. 

TSF Water Balance 

Water modelling was done for the TSF using the full set of all annual rainfall data recorded for 

Cloncurry (121 years). Various 26 year periods were selected to model different scenarios. Sets 

selected include the 26 year periods with the: 

 Highest total rainfall over the period (1987-2002); 

 Lowest total rainfall over the period (1957-1972); 

Shrinkage Limit Density = 1.63 t/m3 
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 Highest single year rain fall over the period (1974 – 1175.4mm); 

 Lowest single year rainfall over the period (2008 – 128.8mm); and 

 Average total rainfall over the period. 

The modelling indicated that the maximum wet season excess water volume accumulating in the TSF 

is approximately 2,000 Ml, which will pond for extended durations to depths of up to 10 m at the main 

embankment. This result is driven by two extremely wet five year sequences in the rainfall database. 

The frequency and duration of a more realistically expected volume of 600 Ml was assessed, 

revealing an average of five occurrences for a total duration of between 10% and 20% of the 26 year 

mine life. 

From tailings consolidation modelling, the tailings are expected to have relative rapid consolidation 

characteristics, even when sub-aqueous deposition over the life of mine is assumed. Given the 

conservative design density adopted for sizing the TSF and staging the Main Embankment 

construction, the possibility of sustained flooding of the beach is not expected to have any long term 

effect on the tailings storage concept or the overall tailings insitu density. 

Design Storage Allowance and Emergency Spillway 

The TSF study has been based on the Technical Guidelines for the Environmental Management of 

Exploration and Mining in Queensland (DME 1995). These guidelines state that the TSF must have 

available a sufficient volume on November 1
st
 of any year to store the DSA, which in this case is due 

to rainfall totalling 1,083 mm, plus the process water inputs. 

The TSF will have a catchment of 335 ha, with no diversion drains. This large catchment is however a 

benefit of the site, in that it can be used to collect and temporarily store runoff during the wet season 

for use in the process plant. Assuming no runoff losses in the 335 ha catchment, two month‟s average 

wet season pond evaporation, plus two month‟s tailings bleed water, the Knapdale Valley TSF DSA is 

estimated to be 3,250 Ml. 

In accordance with the specifications for a High Hazard TSF, the design criteria for an emergency 

spillway is that it has sufficient capacity to pass the critical duration, 1 in 10,000 year Annual 

Exceedence Probability (AEP) flood, assuming that the tailings are at the minimum freeboard level at 

the end of the particular stage. 

However the flood capacity of each Stage of the TSF is dominated by the DSA management 

requirements. The minimum freeboard for each Main Embankment stage is between 8 m and 11 m, in 

order to provide storage for the 3,250 Ml DSA volume. 
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The 1 in 10,000 year rainfall for various durations is shown in Table 3.42, together with the DSA and 

the resultant volumes generated from the TSF catchment.  

Table 3.42 Comparison Of 1 In 10,000 Year And DSA Flood Data 

Event 1 in 10,000 Year AEP 
DSA 

(1 in 100 Year) 

Duration 2 hr 6 hr 12 hr 24 hr 48 hr 72 hr 2 month 

Rainfall (mm) 316 470 580 675 810 920 1,089 

Runoff Volume 
(MLl 

1,058 1,574 1,943 2,261 2,696 3,082 3,250 

 
It is considered that the critical duration flood for the TSF would be in the range 6 to 12 hours, 

depending on what pond level was assumed at the beginning of the storm event. 

Significant capacity exists beyond the DSA at minimum freeboard level for each stage. This can be 

demonstrated by assuming the critical duration spillway design event was 12 hours. From Table 3.42 

and Figure 3.58 it is evident the TSF would have sufficient flood capacity to store the resultant runoff 

volume, even if the initial pond volume was as high as 1,500 Ml. 

However, for the purposes of this study, it is considered a sound defensive design policy to include an 

emergency spillway for each stage, to prevent the embankment from overtopping during a flood event 

exceeding the design AEP. These spillways will consist of 15 m wide channels cut into the Main 

Embankment abutments. The spillway discharge capacity at a peak flood height of 0.5 m is estimated 

to be 10 m
3
/s. 

 

Figure 3.58 TSF Decant Pond Storage at End of Each Stage 
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TSF Design and Operation 

Based upon total tailings tonnage of 22.8 Mt at an overall insitu dry density of 1.5 t/m
3
 at the end of 

filling, the required life of mine TSF capacity is 15.2 million m
3
. 

In addition to the main embankment, additional structures are required in the northern and eastern 

sides of the TSF. These structures are designed to constrain the stored tails to within tenure 

controlled by MMG. MLs for Transportation will be applied for so that pipes and roads can be installed 

on the tenure not controlled by MMG, but the actual storage of tailings cannot occur on these leases. 

On the eastern side, Embankments 1 and 2 will be constructed of rock fill and are designed such that 

surface runoff water will not pond behind these structures, rather, water will flow over them to collect 

in the main tailings storage area. Embankment 2 will also be used as the access from the top of the 

Knapdale Range, down to the floor of the tailings storage area to access the decant pumps and for 

locating the decant return pipeline. 

Embankments at the northern end of the TSF will be required in later years when the tailings surface 

has risen sufficiently. The embankments are saddle dams and both will have the potential to pond 

runoff water behind them. For the western dam, a deviation trench will be constructed so that runoff 

can drain away to the north, whereas for the eastern structure, a pump will be installed to pump the 

ponded water over the embankment, into the main tailings storage area. 

Tailings will be discharged down-valley from outfalls at both the north and south ends. Switching 

between the two discharges will need to be managed so that the beach and pond location remains 

centrally located against the main embankment wall. Multiple discharge points at both ends will permit 

discharging into different small valleys so that the surface of the solids tailings is kept free draining 

toward the centre and areas of ponding are not developed up blind valleys. 

With the decant pond staying relatively in the same position against the main embankment, only a 

single decant pumping location is required. Decant return to the plant will be from a centrally located 

floating pontoon and pipeline. 

Although no seepage is anticipated, a seepage collection pond and monitoring bores (already 

installed) will be constructed in the creek downstream of the main embankment to provide a 

monitoring location for any potential seepage, either through the main embankment or by 

groundwater. 

TSF Geotechnical Investigation 

A geotechnical investigation was carried out on the TSF site in November 2008 by ATC (see 

Appendix J for full report) and following is a summary of the study‟s findings. 

General Foundation Conditions 

The alignment of the TSF main embankment was found to have a subsurface stratigraphy consisting 

of moderate to high strength, highly weathered to moderately weathered quartzite (metamorphosed 

fine grained sandstone). 

The rock was typically highly fractured within the upper 5-10 m with a weathering profile that was 

generally shallower on the abutment slopes and became deeper towards the gully floor. The highly 
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weathered quartzite rock was considered a satisfactory foundation material for the proposed 

embankment in terms of strength and deformability. 

At the entrance to the gully in the vicinity of the embankment upstream toe, up to 1.5 m of colluvial-

alluvial clayey, sandy gravel was found to overly the quartzite. Test pit excavation in this area 

penetrated up to 2.6 m in depth which is the likely maximum foundation stripping depth that will be 

necessary to reveal competent rock, although it is likely that the depths will decrease to a minimum of 

1 m on the abutments and towards the downstream toe. 

Stability studies were conducted to which show that the embankment structure will maintain its 

integrity under static and seismic loading conditions and that factors of safety will meet or exceed the 

allowable factors. 

Although a geotechnical investigation of the site is ongoing, reconnaissance indicates it is well suited 

to the proposed TSF. The floor and sides consist of competent, hard quartzite rock of low permeability 

and no significant underlying groundwater resource is expected.  

Permeability and Groundwater 

The rock mass permeability of the quartzite rocks were generally considered low to moderate beneath 

the gully floor and at the south abutment of the main embankment, and low at the north abutment. It 

was evident from the results of the investigation that the rock mass permeability is independent of the 

weathering profile but is mostly influenced by the degree of jointing and fracturing. 

With these results, a programme of foundation curtain grouting will be required prior to the 

construction of the main embankment. A supplementary geotechnical investigation will be required to 

better define the actual extents of this programme. Preliminary indications are that the curtain will 

need to extend to a depth of 10-15 m in areas of moderate permeability. 

The groundwater conditions at the embankment site were difficult to establish but it is considered 

likely that groundwater can flow locally in the joints and defects within the rock mass, typically within 

10 m below the surface of the gully floor. A series of monitoring bores have been installed 

downstream of the main embankment and these will be used to establish the local groundwater table. 

3.6.4.3 Geochemical Characterisation of Tailings 

The geochemical characterisation of the Dugald River tailings has been completed by EGi (contained 

in Appendix I) and the results are summarised below. The characterisation of the tailings included 

testing of the following parameters: 

Tailings Liquors 

 pH, alkalinity and electrical conductivity (EC); 

 Multi-element analysis; 

Tailings Solids 

 Multi-element composition; 

 Total sulphur content; 
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 Sulphur and carbon forms; 

 Maximum potential acidity (MPA); 

 Acid neutralising capacity (ANC); 

 Carbonate neutralising value (CNV); 

 Net acid producing potential (NAPP); 

 Net acid generation (NAG) capacity; and 

 Acid buffer characteristic curve. 

The full description of analytical procedures, methodologies and results is contained in the full report 

in Appendix I. A summary of the geochemical characteristics of the tailings is summarised herafter. 

Composition of Tailings Liquor  

The tailings liquor was circum-neutral (pH 7.3) and moderately alkaline (53 mg CaCO3/L). The major 

ion chemistry was dominated by sulphate (1,310 mg/L), chloride (714 mg/L) and sodium (175 mg/L). 

There were also high concentrations of calcium, magnesium and potassium.  

Amongst the trace elements there was some soluble manganese, lead and zinc, but the 

concentrations of other environmentally important elements were relatively low. The low 

concentrations of dissolved metals are consistent with solubility constraints commonly observed 

under pH neutral conditions.  

Composition of Tailings Solids  

Geochemical Abundance Indices (GAIs) were calculated for each element. The GAI compares the 

actual concentration of an element in a sample with the median soil abundance (Bowen, 1997; 

Berkman, 1976) for that element. The main purpose of the GAI is to provide an indication of any 

elemental enrichment that may be of environmental importance.  

The GAI are integer increments (0 through to 6) and as a general rule, a GAI of 3 or above is 

considered significant and may warrant further examination.  

The assay results confirm the presence of high concentrations of sulphur (7.9%), lead (0.99%) and 

zinc (2.6%) within the tailings solids.  

In addition to the resource metals, the tailings were also significantly enriched (i.e. GAI≥3) with a 

number of non-resource elements including antimony, arsenic, bismuth, cadmium, mercury and 

molybdenum. All of these elements are part of the general elemental association reported for 

hydrothermal sulphide ores, hence their occurrence within the tailings is not remarkable.  

There was also minor enrichment (GAI = 1 or 2) relative to background soil with chromium, copper, 

nickel, selenium and uranium.  

Metals such as copper, cadmium, nickel and zinc are highly mobile under acidic conditions and 

elevated concentrations of these metals would be expected within tailings pore water if the tailings 



 

 
 
 
 

EIS Section 3 – Description of Project 3 - 163 November 2010 

were to acidify below pH 6.5. There is also potential for mobilisation of semi-metals such as arsenic 

and antimony, although the geochemical behaviour of such elements are more difficult to predict as 

their solubilities in geological systems are usually controlled by adsorption or co-precipitation 

reactions involving other elements such as iron at lower pHs and calcium at higher pHs.  

Acid Forming Characteristics of Tailings Solids  

The results (shown in Table 3.43) confirm that the tailing solids have high pyritic-S content and a 

correspondingly high capacity for acid generation. Based on the NAPP and NAG test results the 

Dugald River tailings were classified as PAF.  

Table 3.43 Acid Forming Characteristics of Tailings 

Parameter Unit Result 

Total Sulphur %S 7.9 

- Acid Soluble Sulphur %S 6.9 

- Acid Insoluble Sulphur %S 1.0 

Total Carbon %C 4.7 

- Carbonate Carbon %C 4.1 

- Acid Insoluble Carbon %C 0.6 

Carbonate Neutralising Capacity kg HsSO4/t 47 

Acid Neutralising Capacity kg HsSO4/t 54 

Maximum Potential Acidity based 
on Total-S 

kg HsSO4/t 241 

Total Acid Generated using 
modified NAG test 

kg HsSO4/t 140 

Net Acid Producing Potential kg HsSO4/t 86 

ARD Classification kg HsSO4/t PAF 

 

The results indicate that the ANC of the Dugald tailings is considered to be within the low to moderate 

range for process tailings.  

The neutralising characteristics of the tailings solids were investigated further by defining the acid 

buffer curve. The curve provides a measure of the buffering provided by more soluble carbonates 

within a sample, with the readily available fraction typically defined as the amount of acid neutralised 

by a sample above pH 6. The acid buffer curve indicated that some of the ANC is not readily available 

and may only react once the tailings have acidified. This means that the actual capacity of the ANC to 

delay the onset of acid conditions in the event that the tailings are exposed to atmospheric conditions 

is likely to be considerably less than what would normally be expected.  

The tailings had a strongly positive NAPP result and it is expected that the tailings will be potentially 

acid forming. 
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Column Leach Test 

A column leach test was set-up to assess the geochemical behaviour of the tailings over the longer 

term. Photo Plate 3.2 shows the setup of the column leach test. The column comprised approximately 

2 kg of tailings and was leached under free-draining conditions on a four-week leach cycle.  

The column leach test ran for 52 weeks and comprised a total of 13, four-week cycles.  

 

Photo Plate 3.2 Column Leach Test Setup 

The ANC of the tailings determined in the static testing would normally be expected to delay the onset 

of acid conditions by at least several years. However, the column test results indicate that the 

reactivity of some sulphides within the tailings is of such high magnitude that the rate of acid 

generation when tailings are first exposed to atmospheric conditions exceeds the reactivity of the 

carbonates contributing to the ANC. The tailings returned to pH neutrality toward the end of the 52 

week test period, however, given the strongly positive NAPP and NAG values, it is expected that the 

tailings would eventually re-acidify with long-term exposure to atmospheric conditions. This lag period 

is estimated at 7 years before the tailings would re-acidify and then continue to generate leachate with 

elevated sulphate for a number of decades. 

The main environmentally important metals that were release from the tailings during the column 

leach test were zinc, manganese, lead and cadmium. The concentrations of these metals were 

typically one or two orders of magnitude high that corresponding metal concentrations in the tailings 
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liquor. This represents significant mobilisation from the solid phase as a consequence of sulphide 

oxidation and the initial acidification of the tailings. 

3.6.4.4 TSF Monitoring and Management  

Monitoring 

Monitoring requirements for the Knapdale Valley TSF would be relatively straight-forward due to the 

configuration of the storage. A system of sub-regional groundwater monitoring bores have already 

been installed downstream of the main embankment to the west of the TSF, as part of a site-wide 

groundwater monitoring strategy. It is proposed that these will be monitored on a monthly basis.  

The purpose of these bores will be to: 

 Initially, provide data on the presence, depth, quality and flow direction of groundwater in the 

area; and 

 During TSF operation, provide an indication of broad scale groundwater fluctuations, such 

that any impacts on the groundwater regime brought about by the TSF can be monitored. 

Given that the main embankment will be constructed of free-draining rock fill with a GSS on the 

upstream face, a phreatic surface will not develop, even if a concentrated leak in the GSS were to 

occur.  

Standpipe piezometers will hence not be required in the completed main embankment, as any 

seepage would flow along the foundation, and accumulate in the collection pond downstream of the 

embankment. The collection pond would be inspected as part of routine weekly surveillance, however 

it is expected to remain dry (i.e. not register any seepage) under design conditions, except for 

collected uncontaminated surface runoff from the catchment outside the TSF.   

Survey monuments would be installed on the crest and downstream berms of each stage of the Main 

Embankment to monitor settlement of the fill materials. 

Observations 

Observation requirements for the Knapdale Valley TSF would involve routine daily and weekly 

inspections, as well as mandatory annual audits. The focus of such surveillance will be as follows: 

 Daily Inspections – Focus on operational issues to do with the TSF, including inspections of 

the tailings pipelines, discharge point management, decant pond location and decant system 

operation; 

 Weekly Inspections – Focus on issues that may develop over time and may impact on the 

safety of the TSF or the environment. These include detailed inspections of the Main 

Embankment and all appurtenant structures, tailings beach development and decant pond 

level, and surveillance of all monitoring installations; and 

 Annual Audits – These are conducted by a qualified dam engineer, and focus on the 

identification of deficiencies by visual examination of the TSF embankments and all 

appurtenant structures, as well as a review of all surveillance and monitoring data. 
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Operation and Maintenance Manual 

An Operation and Maintenance Manual would be prepared for the TSF in accordance with the 

regulatory requirements for High Hazard tailings facilities. This would include instructions and forms to 

cover all necessary monitoring, daily and weekly routine inspections and surveillance activities.  

Tailings deposition and decant management procedures would also be documented. The Manual 

would contain a section on emergency response, and would be an integral part of the overall risk 

management plan for the facility itself and the mine overall.  

3.6.5 Solid Waste Disposal 

3.6.5.1 Rubbish Disposal Site 

The rubbish disposal site (landfill) for general waste will be located in the area west of the gravel/clay 

borrow pit, which will initially be cleared for stockpile fingers of screened materials. These piles will 

not be required upon the completion of construction. The location is shown in Figure 3.59. 

 

 

Figure 3.59 Location of Rubbish Landfill 
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The rubbish disposal site will meet the following location criteria in accordance with the DERM 

Ecoaccess Guideline Landfill Siting, Design, Operation and Rehabilitation: 

 Located at least 100 m from surface waters and the 100 year flood plain; 

 Located at least 500 m from a noise, dust or odour sensitive place; 

 Located at 100 m from any unstable areas; 

 Located at least 1,500 m from an aerodrome for piston-engines propeller-driven aircraft; and 

 Located at least 3,000 m from an aerodrome with jet aircraft. 

The rubbish disposal site will not be placed:  

 Within 100 m of geologically unstable areas such as fault lines displaced in the Holocene 

period;   

 In areas of slopes greater than 10%; or. 

 In an area prone to subsidence in underground mining areas.  

The odour at the rubbish disposal site will be controlled by covering the waste with soil or rock on a 

regular basis (at least weekly). To reduce the active face of the rubbish disposal site, that site will be 

developed in a series of cells to be compacted and covered on a weekly basis.  

Leachate management will include a liner and leachate drainage layer, and leachate collection and 

evaporation ponds to stop potential contaminants reaching the groundwater table. An earthen liner 

consisting of a prepared sub-base, compacted clay layer and leachate drainage layer will be used. 

The following specifications will be used for liner layers: 

 Clay Layer should equal at least 600 mm thickness, placed in at least two lifts on a prepared 

sub-base, achieving a maximum permeability of not greater than 1 x 10
-9

 m/s;  

 A leachate drainage layer capable of maintaining the level of leachate over the upmost layer 

in the liner at not greater than 300 mm; and 

 The sub-base layer should consist of hard-fill material such as clean rock and soil (possibly 

from earthmoving in the construction stages of the Project). The sub-base should be well- 

consolidated and geo-technically stable ready for the compaction of the clay layer above it. 

Leachate draining out of the rubbish disposal site will be collected and evaporated in a pond or 

disposed of to the TSF.  

It is assumed that each person will create 1.5 t of general waste for disposal at the rubbish disposal 

site per annum. With a maximum of 400 personnel on site at any one time the amount of general 

waste created will be approximately 600 tpa. The rubbish disposal site will be monitored through 

visual assessments and groundwater quality monitoring. Groundwater monitoring bores will be 

located in close proximity to the landfill site and regular monitoring will ensure any leachate in 

groundwater will be detected. 
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The landfill cells will replace the two western fingers for screened material. Each cell will be 135 m 

long x 35 m wide and 2.5 m high. Assuming that 80% of the total volume will be able to be used for 

landfill storage (the remainder will be consist of the material used to construct and cap each cell), the 

two cells will provide capacity for 23,800 m
3
 of rubbish. This is sufficient for the maximum expected 

volume over the life of the Project. 

In the event that the current assumptions made to determine required volumes are imprecise, the 

landfill could easily be extended to take in a third stockpile finger if and when required. 

3.6.6 Liquid Waste 

The main liquid wastes created by the Project are: 

 Truck washdown water; 

 Sewage and grey water; 

 Dewatering water from underground; 

 Stormwater runoff from disturbed area; and 

 Contaminated process and tailings water. 

3.6.6.1 Truck Washdown  

A sediment pit will remove solids from wash down water at the vehicle washdown pad which will be 

periodically cleaned out and the sediment disposed of in an area in the NAF/PAF waste rock dumps. 

An oil-water separator pad will remove oils and petroleum products from the washdown water with the 

clean water being collected in an evaporation pond. 

Waste oil from the oil-water separator pad will be collected in a bulk waste oil storage tank and 

removed from site by a licensed waste contractor. 

3.6.6.2 Sewage and Grey Water 

A modular waste water treatment plant will be constructed at the process plant to treat effluent from 

ablution, crib room and toilet facilities. A second modular waste water treatment plant will be 

constructed at the accommodation camp to process sewage and grey-water waste in independent 

facilities. Waste from the waste water treatment plants will be discharged to the TSF or the grey-water 

may be used for subsurface irrigation of the gardens at the accommodation camp. 

Sewerage treatment and waste water management during construction is described in Section 3.2.2.1 

whilst operational plans are further described in Section 3.5.5  

3.6.6.3 Dewatering Water 

Water from the dewatering operations underground will be discharged into the tailings thickener. From 

this point, the solid and water components will be managed as per the tailings stream, with solids and 

some water being sent to the TSF or underground as paste fill, and the remaining water being 

recycled in the process water stream. 
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3.6.6.4 Contaminated Stormwater, Process and Tailings Water 

Contaminated process and tailings water will be recycled into the process water circuit for re-use as 

discussed in Section 3.5.3.2. The processing water circuit will recycle 1,031 m
3
/h directly from the 

processing plant and 51 m
3
/h from the TSF. 

Water will be conserved as much as possible by recycling decant water from the tailings storage 

facility to the process water tank. A floating pump at the TSF pumps decant water to the process 

water tank via a head tank located near the accommodation village on top of the Knapdale Range. 

Water is gravity-fed from the tank to the plant site 

A conceptual water balance diagram is provided in Figure 3.42.  

The quality of water collected from the TSF is discussed in Section 3.6.4.3 in relation to pore water 

quality in tailings.  

The stormwater management system (discussed in Section 3.5.4) will separate clean, dirty and 

contaminated stormwater run-off. Dirty and contaminated run-off will be directed to purpose built 

ponds and dams. If necessary contaminated stormwater can be re-used in the processing circuit or 

pumped to the TSF for disposal. 

Any run-off from the landfill will be collected in drainage channels and directed to an evaporation 

pond.  
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3.7 REHABILITATION AND DECOMMISSIONING 

The Final Land Form and Rehabilitation Plan (AARC 2010) is provided in Appendix L and full details 

of rehabilitation procedures, and pre and post mining land forms are described in that plan. A 

summary is provided in this Section. 

The Final Land Use and Rehabilitation Plan has been developed with reference to Guideline 18: 

Rehabilitation Requirements for Mining Projects (QEPA 2008). The Leading Practice Sustainable 

Development Program for the Mining Industry series of booklets have also been used in developing 

specific rehabilitation strategies, especially the following booklets: 

 Leading Practice Sustainable Development Program for the Mining Industry – Mine Closure 

and Completion (Commonwealth of Australia, 2006a); 

 Leading Practice Sustainable Development Program for the Mining Industry – Mine 

Rehabilitation (Commonwealth of Australia, 2006b); and 

 Leading Practice Sustainable Development Program for the Mining Industry – Tailings 

Management (Commonwealth of Australia, 2007). 

The following are proposed as the rehabilitation objectives for the Project: 

 Return the majority of disturbed land to a condition similar to the pre-existing condition of low 

intensity grazing or native habitat or to an agreed beneficial use; 

 On rehabilitation of the Project, make disturbed areas stable to ensure that the proposed 

subsequent land use is not compromised by surface instability or erosion; and 

 Ensure that constructed landforms are geo-chemically stable to the extent that they do not 

impact on surface water or groundwater quality.  

Rehabilitation trial work during the operational phase of the Project will be conducted to provide 

further information to select the most appropriate rehabilitation techniques suited to the local 

environment and landforms. The rehabilitation strategy will remain flexible and will be amended as 

new rehabilitation techniques become available.  

Progressive rehabilitation on the Project site may be constrained by the operational requirements of 

the Project. There may be some areas that can be rehabilitated after construction works are finalised, 

but due to the nature of underground mining there is likely to be only small area available for 

progressive rehabilitation during the operational phase of the Project. These areas are mainly likely to 

be associated with the outer slopes of the NAF/PAF waste rock dump. Most of the NAF waste rock 

will be removed on closure for use in rehabilitating the TSF.  

The final rehabilitated landforms to remain on closure are shown in Figure 3.60, 3.61 and 3.62. The 

NAF/PAF waste rock dump and TSF will require specific rehabilitation earthworks prior to 

revegetation. These earthworks are described in Sections 3.7.2 and 3.7.3. For other disturbed areas 

of the Project site all infrastructure will be removed (where not required by the landholder), any 

contamination removed, the area re-shaped if required and topsoiled, ripped, seeded and fertilised. 

Sections 3.7.2 to 3.7.14 describe the conceptual rehabilitation methods that will be used for the 

different land disturbance areas. 
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Topsoil stripping and stockpiling during construction and operations will be conducted as described in 

Section 4.2.2.2. 
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Figure 3.60 Overview of Rehabilitated Landforms 
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Figure 3.61 Mining and Processing Area – Rehabilitated Landforms 
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Figure 3.62 TSF – Rehabilitated Landform 
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3.7.1 Pre and Post Mining Land Suitability 

The pre-mining land suitability of the Project site is described in Section 4.2.2.1. In summary the 

majority of the site is of unsuitable topography and slope for beef cattle grazing (Class 5), due to the 

Knapdale Ranges, however in the flatter areas, a low intensity cattle grazing may be possible. Areas 

that can be used for low intensity cattle grazing are defined as Class 4 which is marginal land. This 

type of land has severe limitations which make it doubtful whether the inputs required to achieve and 

maintain production outweigh the benefits in the long term. 

All soil types on the Project site have been rated as Class 5 for rainfed broadacre cropping and 

Class 4 for conservation. There would be severe to extreme limitations to attempting either of these 

land uses on the Project Site. 

On closure and decommissioning of the Project, it is proposed to return the majority of disturbed land 

to a condition similar to the pre-existing condition of low intensity grazing, native habitat or an agreed 

beneficial use. Table 3.44 described the proposed land disturbance types for the Project and their 

related pre and post mining land suitability and pre and post mining land uses. 

The three main areas that will be disturbed on the main Project mining leases are the processing 

plant/mining area, the accommodation camp area and the TSF. Other corridor areas that will be 

disturbed include roads, the power transmission line, water pipeline and tailings pipelines. The 

construction and operational phases of the Project necessitates the disturbance of approximately 

234.3 ha of low intensity grazing lands and native habitat areas on the main mining leases and 557.3 

ha on the corridor mining leases and access road (Table 3.44). 

As discussed above, and shown in Table 3.44 the majority of land disturbance on the Project site will 

be returned to its pre-mining land use and suitability on closure and decommissioning. The exception 

to this is the TSF area and NAF/PAF waste rock dump which will be returned to native habitat area 

only rather than a mix of native habitat and low intensity grazing. This is because these areas may be 

susceptible to increased erosion if grazing is allowed to occur on these final landforms. 

Most of the stormwater dams, sediments ponds and roads on site will be returned to their pre-mining 

land use and suitability unless the landholder wishes to retain these structures for grazing proposes 

through a written agreement with MMG. The stormwater dam downstream of the rehabilitated 

NAF/PAF waste rock dump will be retained to remove sediment from rainfall runoff from this 

permanent land form. The water pipeline and power transmission line will be retained on mine closure 

as this infrastructure may be of beneficial use to the region or future mining operations. The access 

road may also be retained through written agreement with the landholder. 
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Table 3.44 Pre and Post Mining Land Use Suitability 

Disturbance Type 
Area 
(ha) 

Pre-Mining Post Mining 

Land Use 
Suitability 

Class 
Land Use 

Suitability 
Class 

NAF/PAF Waste 
Rock Dump 

6 
Low Intensity 

Grazing/Native 
Habitat 

4-5 Native Habitat 5 

South Waste Rock 
Dump 

2.5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

North PAF Stockpile 4.5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Lead/Zinc and 
Copper ROM Pads 

5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Off ROM Ore 
Stockpile 

3 
Low Intensity 

Grazing 
4 

Low Intensity 
Grazing 

4 

Crushed Ore 
Stockpiles and 

Conveyors 
6 

Low Intensity 
Grazing 

4 
Low Intensity 

Grazing 
4 

Underground 
Declines 

3 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Process Plant Areas 
(includes chemical 
and concentrate 

storages) 

28.5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Tailings Storage 
Facility 

91 
Low Intensity 

Grazing/Native 
Habitat 

4-5 Native Habitat 5 

Longamundi 
Alternative Route 

4 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

TSF Topsoil 
Stockpiles 

5 
Low Intensity 

Grazing 
4 

Low Intensity 
Grazing 

4 

Paste Fill Plant 1 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Stormwater Dams 
and Sediment Ponds 

12.3 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Low Intensity 
Grazing/Native 

Habitat or Water 
Storage

1
 

4-5 

Process Water Pond 0.4 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Low Intensity 
Grazing/Native 

Habitat or Water 
Storage

1
 

4-5 

Roads and Tracks 
(on Main Project 
Mining Leases) 

5 

Low Intensity 
Grazing/Native 

Habitat/ Existing 
tracks  

4-5 

Low Intensity 
Grazing/Native 

Habitat or 
Roads

2
 

4-5 
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Disturbance Type 
Area 
(ha) 

Pre-Mining Post Mining 

Land Use 
Suitability 

Class 
Land Use 

Suitability 
Class 

Accommodation 
Camp 

20 Native Habitat 4- 5 Native Habitat 4-5 

Heavy Vehicle 
Workshop and Go 

Line 
0.2 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Contractor Laydown 
Area and Workshops 

2.5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Offices and 
Workshops 

4 
Low Intensity 

Grazing 
4 

Low Intensity 
Grazing 

4 

Rubbish Disposal 
Site  

3 
Low Intensity 

Grazing 
4 

Low Intensity 
Grazing 

4 

Gravel/Clay Borrow 
Pits and Stockpiles 

12 
Low Intensity 

Grazing 
4 

Low Intensity 
Grazing 

4 

Course Aggregate 
Borrow Pits and 

Stockpiles 
0.4 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Topsoil Stockpiles 
(Processing and 

Mine Area) 
10 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Low Intensity 
Grazing/Native 

Habitat 
4-5 

Exploration pads and 
Roads 

5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 
Low Intensity 

Grazing/Native 
Habitat 

4-5 

Total 234.3  

Corridors       

Power line (assume 
80 m width for 

clearing) 
497.3 

Low Intensity 
Grazing/Native 

Habitat 
3-5 

Retained for 
future use  

5 

Water Pipeline 
(assume width for 

clearing 40 m wide) 
40.4 

Low Intensity 
Grazing 

3 
Retained for 
future use  

5 

Access Road 
(assume 8 m wide 

width) 
13.6 

Low Intensity 
Grazing/ Existing 

Track  
3 or 5 Access Road

2
 4-5 

Access Road Borrow 
Pits 

3 
Low Intensity 

Grazing 
3 

Low Intensity 
Grazing 

3 

TSF Pipelines and 
Roads 

3 Native Habitat 5 Native Habitat 5 

Total 557.3  

TOTAL 791.61 Project Site plus Corridors 

1 
The sediment dams downstream of the PAF/NAF waste rock dump will be retained on closure. Other Stormwater Dams or 

Sediment Ponds may also be retained on closure if a written agreement with the landholder allows. 
2
 Some roads may be retained on closure for access by the landholder, if a written agreement with the landholder allows. 
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3.7.2 Tailings Storage Facility 

Section 3.2.7 details the construction of the TSF and Figures 3.20 - 3.22 present the design of the 

TSF at various periods during the mining operation (Stages I, II and III). For a detailed description of 

the TSF operation see Section 3.6.4.2. 

The rehabilitation strategy for the proposed TSF is still conceptual but given that the tailings are 

potentially acid forming a capping strategy for the surface of the TSF is considered necessary. The 

actual final depth of the capping layers and materials required will be determined by numerical 

infiltration modelling and/or field/column trials. Such modelling and trials are likely to be conducted 

during the operational phase of the project when there will be a better understanding of the types of 

cover materials available on site.  

The intent of tailings deposition management will be to form a final low point at the Main 

Embankment, and hence a self-shedding profile for closure. The surface of the rehabilitated TSF will 

drain at a slope of approximately 1% to a low point at the Main Embankment where it will discharge 

through a spillway to a sediment pond and then to a natural creek line. The final slope on the TSF 

surface will allow excess rainfall to runoff the TSF during large rainfall events, thereby preventing 

ponding on the TSF surface.  

The general approach to TSF closure will incorporate the following (in sequence from the tailings 

surface): 

 A capillary break layer (0.3 m depth) of mainly coarse, NAF waste rock placed directly over 

the tailings. The purpose of this layer is to prevent the rise of salts from the underlying tailings 

to the sealing layer above;  

 A low permeability sealing layer (approximately 0.5 m deep) constructed above the capillary 

break layer to limit water infiltration. This material may need to be sourced from the NAF 

weathered waste rock dumps, weathered NAF in the ROM pad or general earthfill borrow pits 

located within the Project boundaries; 

 A rainfall shedding waste rock cover layer will be constructed over the sealing layer. The 

rainfall shedding layer will consist of NAF waste rock and will allow for vegetation 

establishment. The layer will be approximately 1 m thick. A series of rock lined drains 

installed on the surface of the cover layer will direct rainfall runoff from the surface of the TSF 

to the low point in the Main Embankment wall, where runoff will be discharged through a 

spillway; 

 Topsoil stripped from within the impoundment area at the time of construction will placed on 

top of the waste rock cover layer. Good quality topsoil available to be stripped from the TSF 

impoundment area is scarce and therefore is unlikely to be sufficient to cover the entire 

surface of the TSF. Therefore, topsoil will be spread thinly and in patches depending on the 

quantities available; 

 The surface of the TSF will be ripped on the contour, fertilised and seeded with a mix of 

shallow rooting native species (shrubs and grasses) so as not comprise the integrity of the 

sealing layer; 

 The downstream slope of the Main Embankment will be flattened to a slope suitable for 

perpetuity. The downstream slope will in effect be reconstructed as a broad, rock armored, 
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spillway chute, sized to pass the peak flood resulting from the Probable Maximum 

Precipitation (PMP); and 

 The spillway at the Main Embankment will drain via a sediment pond to remove suspended 

material prior to discharge to the natural creek line downstream. 

The general quantities of materials required to complete the rehabilitation of the TSF have been 

estimated in Table 3.45. Where possible these materials will be sourced from the NAF waste rock or 

civil cut materials stockpiled on the surface at the mining and processing area and hauled to the TSF. 

Where additional materials are required these will be sourced from borrow pits on the Project site or 

won from the surrounding hills. 

Table 3.45 Estimated Quantities of Materials Required to Rehabilitate TSF 

Description  Unit  Quantity 

Embankment Slope Modification (4 horiz : 1 vert) - general rockfill  m
3
 43,000 

Capillary Break (0.3 m thickness) - select permeable rock fill m
3
 270,000 

Sealing Layer (0.5 m thickness) - low permeability weathered waste 
rockfill or general earthfill 

m
3
 450,000 

Waste Rock Cover (1.0 m thickness) - general waste rockfill m
3
 900,000 

Topsoil Layer (0.1 m average thickness) m
3
 90,000 

Total m
3
 1,753,000 

 

3.7.3 NAF/PAF Waste Rock Dump 

The NAF/PAF waste rock dump is the only waste rock dump that will remain on closure of the mine. 

The design of this waste rock dump is described in detail in Section 3.6.3.1 

PAF material will not be stored in the base or slopes of the waste rock dump, only in the central core 

of the dump. The water rock dump will be constructed with at least 1 m of well compacted NAF waste 

rock at the base of the dump. The outer walls of the dump and areas under the outer slopes will be 

built exclusively from NAF material to produce an outer NAF encapsulation wall. The final slope of the 

outer waste dump walls will be approximately 15 degrees and will have a concave type profile, so as 

to resemble a natural hill. The outer walls of the dump will be built up progressively around the inner 

PAF core so that no rainfall runoff from the PAF material can exit the facility. PAF material in the 

centre of the dump will be built up in layer of 1 – 1.5 m thick to aid compaction of the material and 

minimise rainfall infiltration. The final height of the waste rock dump will be approximately 12.5 m. 

On completion of the waste rock dump, the top of the dump will be sealed with a compacted low 

permeability layer of suitable NAF waste rock or other material (at least 0.5 m depth) and then 

covered with at least 1 m of NAF waste rock as a rainfall shedding cover. The top of the dump will 

slope gently to the north so that large rainfall events water will not pool on the top of the dump as this 

may increase the chances of infiltration through the compacted low permeability layer. Rainfall will be 

directed off the dump via a series of rock-lined drains to the existing stormwater dam. This stormwater 

dam will have been constructed as a high hazard dam during construction of the Project, and will 

have containment for a 1:100 Year ARI, 2 month wet season. After rehabilitation of the NAF/PAF 

waste rock dump, this stormwater dam will effectively act as a sediment pond. 

Stormwater drainage off the NAF/PAF waste rock dump is expected to be non-contaminated due to 

the above encapsulation strategy, although may contain levels of suspended sediment. Therefore 

drainage off the dump will be via the existing stormwater dam to remove entrained sediment prior to 
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stormwater discharge, if necessary. Surface water management controls are discussed in detail in 

Section 3.5.4.  

The final surface of the waste rock dump will be covered with a 100 - 200 millimetres (mm) layer of 

topsoil which will be deep ripped into the surface of the dump using a dozer. The dump will then 

seeded and fertilised as described in Section 3.7.14. 

3.7.4 Underground Declines and Box Cut 

On completion of mining, the underground declines and the box cut disturbance areas will be returned 

to safe and stable landforms, representative of the intended post mining land use. Decommissioning 

and rehabilitation methodology will include: 

 Capping of the vertical declines with a 5 m long plug of concrete placed at the mine openings;  

 Backfilling of the vent raises with NAF material; 

 Backfilling of the box cut with NAF material; and  

 Spreading of topsoil and revegetation of the final landform surface. 

By sealing the underground declines with specifically designed concrete plugs the chances of 

subsidence into the underground workings is greatly reduced. This methodology ensures that the 

proposed subsequent land use is not compromised by surface instability or erosion. 

3.7.5 Other Waste Rock Dump, ROM Pads and Mine Roads 

At the end of mining, civil cut material and NAF waste rock will remain in the southern waste rock 

dump, the ROM pads, the Off ROM Stockpile and mine roads. This will amount to approximately 

833,700 m
3 
of material

 
and waste rock. It is planned to utilise all this civil cut material and NAF waste 

rock in the rehabilitation of the TSF to form the different cover layers as required in Table 3.45.  

The disturbance footprint under these areas that will remain once the material has been removed will 

be topsoiled and deep ripped to elevate compaction. The areas will then be fertilised and seeded as 

described in Section 3.7.14. 

3.7.6 Stormwater Dams and Sediment Ponds 

The stormwater dam downstream of the NAF/PAF waste rock dump will be retained on closure for 

removing sediment from stormwater runoff from this rehabilitated dump. A sediment pond will also 

remain downstream of the TSF for the same purpose. 

Upon prior agreement by the landholder, other stormwater dams and sediment ponds may be left for 

landholder use if they are cleaned of all contaminated material. Contaminated materials will be 

removed for disposal to the TSF. Where stormwater dams or sediment ponds are not required for use 

by the landholder, surrounding clean fill material will be pushed into the dams and ponds, and they 

will be contoured to resemble the surrounding landscape. Dams that contain HDPE liners will have 

these liners ripped and folded into the centre of the dam prior to backfilling. 
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3.7.7 Processing Plant , Accommodation Camp and Offices 

When planning for the rehabilitation of building and infrastructure sites the following process will be 

followed: 

 Consultation with the owner regarding the structures to be left on-site which may be beneficial 

for the landholder; 

 Auctioning of buildings and building materials not required to remain on the site; 

 Recycling of recyclable materials that are not sold during auctions or are remaining on the 

site; 

 Disposal of any remaining materials in an appropriate licensed landfill or the underground 

workings; and 

 Areas from which buildings and infrastructure are removed will be ripped, re-contoured and 

revegetated. 

Soil testing will be conducted to around the processing plant and mining areas to determine if any 

land contamination has occurred due to concentrate or mineralised ore handling. Contaminated 

materials will be excavated and disposed of to the NAF/PAF waste rock dump or the TSF, prior to 

their rehabilitation. 

3.7.8 Workshops and Chemical/Fuel Storages 

All workshops, chemical and fuel infrastructure will be removed from site on the completion of the 

mine life. Should any soil contamination remain at the locations then this will be removed and 

disposed of to an appropriately licensed facility or the TSF. Soil testing will be conducted to ensure 

that all contaminated materials have been removed. 

3.7.9 Roads 

Some roads may be left for the landholder where appropriate and under written agreement. Roads 

that are not required will be reshaped (if required), topsoiled (if available), deep ripped and 

revegetated. 

3.7.10 Rubbish Disposal Site 

All general waste remaining on site will be removed and recycled where possible or disposed of to the 

waste disposal site prior to rehabilitation. The waste disposal site will be backfilled, with clean fill and 

capped with a low permeability clay layer. The surface area will then be revegetated. 

3.7.11 Borrow Pits 

Borrow pits will be re-contoured, with batters pushed down to 15 degrees, and topsoil spread over the 

disturbed area. The area will then be ripped, seeded and fertilised. 
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3.7.12 Exploration Areas 

Where exploration disturbances are to be temporarily rehabilitated, due to the potential for future 

disturbance, the following will occur: 

 Capping the drill hole; and 

 Removal of all sample bags and rubbish. 

If permanent rehabilitation is required (no potential for future disturbance) exploration drill holes will be 

permanently plugged. This requires cutting the PVC collar off at ground level and plugging the hole 

with a concrete plug. Soil is then mounded over the concrete plug so that the plugged area sheds 

water. The following rehabilitation activities of the exploration drill pad will also occur: 

 A drying out period to allow water to evaporate from the drilling mud in the sumps; 

 Backfilling of drilling sumps; 

 Scarifying the surface; and 

 Should natural regeneration not be successful after the first year, seed from species native to 

the area will be sown before the following wet season to enhance revegetation. 

These practices are the same as those applied to the current exploration activities on site. 

3.7.13 Power Line and Water Pipeline 

The powerline and water pipeline are significant and important infrastructure for the region which 

could be utilised by landholders and/or other mining operations on cessation of the Project. Therefore 

it is envisaged that this infrastructure will not require removal on closure of the Project but ownership 

may be transferred by agreement to another party. 

3.7.14 Revegetation Methods 

After appropriate surface preparation has occurred as outlined above, disturbed land will be 

revegetated as follows: 

 Spread fertiliser at approximately 100 kg/ha or as determined by rehabilitation trials; 

 Native species occurring naturally in the local area will be chosen for areas requiring the re-

establishment of local native habitat; 

 Where practicable, revegetation will occur through direct seeding of selected species. Where 

direct seeding is not possible (e.g. small areas with limited access), seeds will be manually 

broadcast; and 

 A Weed Management Plan will be implemented to ensure revegetation initiatives are 

balanced with managing any existing weed species or those which are established due to 

land disturbance. 
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Table 3.46 lists species suggested for rehabilitation of disturbed land on the Project. The suggested 

rehabilitation species have been selected from the vegetation species list generated during the 

terrestrial flora and fauna surveys on the Project Site. Selection of rehabilitation species considers the 

key or dominant species in the area, those that are good colonisers, and those that are readily 

available from seed collectors. The proportion of each species used in the rehabilitation seed mix 

would be varied based on the post-mining land use to be established. For example, a higher 

proportion of grass species would be included in the seed mix for those rehabilitation areas to be 

returned to low intensity grazing, while native tree and shrub species may dominate the seed mix for 

those areas to be returned to a native habitat. 

Table 3.46 Native Species to be used in Rehabilitation 

Grass and groundcover Shrubs Trees 

Aristida contorta Acacia chisholmii Atalaya hemiglauca 

Aristida latifolia Acacia holosericea Corymbia aparrerinjra 

Enneapogon oblongus Acacia lysiphloia Corymbia terminalis 

Eriachne obtusa Acacia retivenea Eucalyptus camaldulensis 

Solanum echinatum Acacia cambagei Eucalyptus leucophloia 

Sida fibulifera Acacia bidwillii Eucalyptus leucophylla 

Sporobolus australasicus Carissa lanceolata Eucalyptus pruinosa 

Themeda triandra Crotalaria novae-hollandiae Lysiphyllum cunninghamii 

Triodia pungens 
Senna artemisioides subsp. 

oligophylla 
Lophostemon grandiflorus 

subsp. grandiflorus 

 

Sesbania notabilis Hakea aborescens 

Terminalia aridicola subsp. 
aridicola 

Grevillea striata 

 

3.7.15 Monitoring of Analogue and Rehabilitation Sites 

Rehabilitation success criteria can be developed by comparing a number of variables between 

rehabilitation areas and existing ecosystems (analogue sites) over time. 

A rehabilitation monitoring program will be established for the Project which will involve monitoring of 

suitable analogue sites to develop site specific rehabilitation success criteria, as well as incorporating 

rehabilitated areas into the program as they progressively become available. 

Analogue sites, consisting of 50 m transect lines; will be established prior to any disturbance in areas 

adjacent to, or of similar character to, the land to be disturbed. At each analogue site the following 

parameters will monitored on an annual basis to provide baseline data: 

 Tree Density (trees/ha); 

 Shrub Density (shrubs/ha); 

 Herb/Grass Density (grasses/ha); 

 Groundcover (%); 
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 Species Composition; 

 Chemical. and physical indicators of soil (Cation Exchange Capacity, Exchangeable Sodium 

Percentage, pH, Electrical Conductivity, organic carbon, nitrate, phosphate, sulphate, and 

metals); 

 Erosion indicators (depth of rills or erosion lines, surface crusting, slopes); and 

 Photographic records of the site. 

The same methodology will be used for monitoring rehabilitation sites. For rehabilitation areas the 

following additional parameters will also be monitored: 

 Surface water quality runoff; 

 Groundwater quality surrounding rehabilitated areas such as waste rock dumps and the TSF; 

 Topsoil depth; and 

 Erosion monitoring as detailed in Section 3.7.15.1. 

Annual monitoring of the analogue sites will determine the response of native grasses, herbs, shrubs 

and tree species to the natural fluctuations in the environment, and after a sufficient amount of data 

has been obtained, final rehabilitation success criteria will be determined for the rehabilitation sites. 

3.7.15.1 Erosion Monitoring 

Erosion monitoring on the Project will be conducted at a number of locations, focusing on constructed 

landforms with steep outer slopes which provide the greatest erosion risk. Permanent photographic 

points will be set up to monitor slope areas of the following landforms on an annual basis: 

  Waste rock dumps; 

  ROM Pads and ore stockpiles; and 

  TSF embankment walls. 

Photographs should be taken following each wet season in order to capture potential erosion caused 

by runoff. More than one photographic point will be required for some of these landforms to provide 

good photographic coverage of all slopes. The photographs will be compared to the previous years to 

determine any large areas of erosion that are increasing in size and therefore may require remedial 

works. The photographs will also provide a good record of remedial works conducted and the success 

of these works. 

Physical examination of erosion will be conducted together with the photographic monitoring. 

Examination will be undertaken by traversing the landforms on foot at mid-slope and recording any 

erosion or rill lines deeper than 10 cm. The data to be collected at each erosion or rill line will include 

the following: 

 GPS reading of location; 
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 General description of type of erosion (gully, rill line, circular failure, tunnelling etc) and 

possible causes; 

 Depth of erosion; 

 Width of erosion; 

 Length of erosion; 

 Where eroded material is being deposited; 

 Whether the erosion line is being stabilised by vegetation; and 

 Suggested remedial works if required. 

Remedial works will generally be required for any erosion that is increasing in size from one year to 

another (i.e. has not stabilised on its own) or if the erosion is deeper than 1 m in depth or wider than 

1 m in width. In some cases, if an erosion feature is larger than 1 m in depth or 1 m in width and 

vegetation is currently established and stabilising the erosion feature, it is better to wait and see until 

after the next wet season rather than conduct remedial works immediately and cause vegetation 

destruction which could be counterproductive. 

3.7.16 Preliminary Rehabilitation Completion Criteria 

The Project is in a semi-arid region where ecosystems are limited by water availability and can have 

extremely weathered soil profiles. There is limited nutrient cycling potential and limited natural topsoil. 

Rehabilitation of these areas, particularly after long periods of disturbance, can take an extended time 

frame and have limited initial success. The dynamics of the specific ecosystems and natural 

vegetation on site needs to be extensively studied over time, before any final rehabilitation success 

criteria can be determined. Therefore at this stage only preliminary rehabilitation success criteria have 

proposed for the Project.  

The preliminary rehabilitation success criteria for the Project have been developed with reference to 

Guideline 18: Rehabilitation Requirements for Mining Projects (QEPA 2008). The preliminary 

rehabilitation completion criteria are as follows: 

 Slopes of all constructed landforms will be less than 15 degrees; 

 All constructed landforms will be safe and stable with no excessive erosion; 

 Levels of metals in surface soils on rehabilitated landforms will be similar to that of relevant 

analogue sites; 

 Land suitability consistent with that proposed for the disturbance type in the Environmental 

Authority; 

 Surface water runoff quality of rehabilitated landforms will be consistent with water discharge 

criteria for Project as stated in the Environmental Authority or background/reference site 

levels; 
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 Groundwater quality surrounding rehabilitated landforms will be consistent with water 

discharge criteria for Project as stated in the Environmental Authority or 

background/reference site levels; 

 Tree density (trees/ha), shrub density (shrubs/ha), herb/grass density (grasses/ha), 

groundcover (%) and species composition similar to relevant analogue sites; and 

 Sulphate, pH and EC levels in soil similar to that of relevant analogue sites. 
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Environmental Protection Act 1994 (EP Act) – Sections 51 and 52

Public notice of an Environmental Impact Statement (EIS)
Proposed Dugald River Project

An EIS has been prepared on behalf of the Mining and Metals Group (MMG) Pty Ltd for the proposed Dugald River Project to be 
located on mining development licence 79, exploration permit minerals 12163, mining leases 2467-71, 2477-82, 2496-99, 2500-02, 
2556-59, 2596, 2599, 2601, 2638, 2684-85, 7496, 90047, 90049 and 90050-51, mining lease applications 90211, 90212 and 90213, and 
parcel prospecting permits 90520-23.

The proposed project is located approximately 65 kilometres north-west of Cloncurry, in north-western Queensland and involves a zinc, 
lead, silver and potentially copper underground mining operation. The expected mine life would be more than 23 years with a mining rate 
of 2 000 000 tonnes a year (t/y) of zinc, lead, silver ore and potentially 1 000 000 t/y of copper ore. The project is estimated to produce 
408 000 t/y of zinc and silver concentrate, 40 000 t/y of lead and silver concentrate and potentially 75 000 t/y of copper concentrate. 

The concentrates will be transported off site by covered quad road trains to the Yurbi Rail Loading Facilities, east of Cloncurry. From here, 
the concentrate will be transported by rail to the Port of Townsville where it will be unloaded for export. The project will include the 
development of a power transmission line from Chumvale and a water pipeline from the existing Lake Julius and Ernest Henry pipeline.

The EIS is currently available for review and anyone may make a submission to the Chief Executive about the submitted EIS. 
A copy of the EIS can be inspected at the locations listed below:

Brisbane Business Centre
Department of Environment and Resource Management
Level 3, 400 George Street
BRISBANE QLD 4000

Mount Isa Business Centre
Department of Environment and Resource Management
Corner Camooweal and Mary Streets
MT ISA QLD 4825

Cloncurry Municipal Library
Corner Scarr and King Streets
CLONCURRY QLD 4824

An electronic copy of the EIS can be obtained from the MMG website at www.mmg.com. A free CD copy can also be obtained by 
phoning Alejandro De Bary from MMG on 0422 238 267 or writing to PO Box 19421, Southbank, Victoria 3006. 

Submissions may be made on the EIS from Monday 24 January 2011 until the close of business on Monday 7 March 2011.
Submissions should be addressed to:

The Chief Executive
Attention: The EIS Coordinator, Dugald River Project
Environment and Natural Resource Regulation Division
Department of Environment and Resource Management
GPO Box 2454 
BRISBANE QLD 4001

The Chief Executive will accept all properly made submissions and may accept written submissions even if they are not properly made. 
A properly made submission is one that: 
• is written
• is signed by or for each person who made the submission
• states the name and address of each signatory
• is made to the chief executive
• is received on or before the last day of the submission period.

Please note that it is a statutory requirement that all submissions will be forwarded to the proponent so that they may consider them 
and provide a response to DERM.

For further information regarding the EIS process for this proposal, contact the EIS Coordinator on 13 QGOV (13 74 68).
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4.0 ENVIRONMENTAL VALUES AND MANAGEMENT OF 
IMPACTS 

4.1 REGIONAL CLIMATE 

Figure 4.1 below combines data from the Bureau of Meteorology’s (BOM) Cloncurry AERO weather 

station (operated 1939 – 1975) and the Cloncurry Airport weather station (operated 1978 to present) 

to give monthly mean maximum and minimum temperatures and mean monthly rainfall for the Project 

region. 

The mean annual maximum temperature is 32.7ºC with the hottest months being November through 

to January (over 37ºC). The mean annual minimum temperature is 18.6ºC with the coolest months 

being June through to August (below 12ºC). The mean daily maximum and minimum temperatures for 

each month are shown in Figure 4.1. 

 

Figure 4.1 Mean Daily Maximum and Minimum Temperatures by Month and Mean 

Monthly Rainfall 

Rainfall data from the weather stations at Cloncurry AERO and Cloncurry Airport show that January 

and February exhibit the highest mean monthly rainfall, averaging above 100 mm (January – 134.43 

mm; February – 118.65 mm). These months also experience the most rainy days, with an average of 

more than 7 rain days per month. The driest months of the year are July and August with under 5 mm 

of rainfall (June – 4.44 mm; August – 4.49 mm), and with less than one day of rain per month. Figure 

4.1 illustrates that the Cloncurry region experiences a distinctive wet season (between November and 

April), with very little rain falling in the remaining months of the year. The average annual rainfall for 

the region is 480 mm per year. 



 
 
 
 
 

EIS Section 4 – Environmental Values & Impacts 4 - 2 November 2010 

The average annual potential evaporation at the Project site is estimated at 3106 mm. Analysis 

indicates that the average annual potential evaporation at the Project site is about 6.5 times the 

average annual rainfall. As seen in Figure 4.2, the evaporation rate varies seasonally, with high 

evaporation rates occurring in the months between October and March. Further, the potential 

evaporation rates during the hotter months are about twice the evaporation rate during the cooler 

months. 

 

Figure 4.2 Mean Monthly Potential Evaporation 

Mean wind speed measured at Cloncurry AERO and Airport weather stations at 9.00 a.m. show that 

the later months of the year exhibit the highest wind speeds, peaking in October at an average speed 

of 18.1 km/hr. Wind speeds are lowest from February to March, with an average of 12.5 - 13 km/hr at 

9.00 a.m. Wind speed measured at 3.00 p.m. shows much less variation throughout the year, with all 

speeds within a range of 13.4 – 13.95 km/hr. Maximum wind gusts range from 65 km/hr in July, up to 

145 km/hr in March. 

The wind roses presented in Figure 4.3 show that the average annual wind direction in Cloncurry is 

predominantly from the south-east and south. For each season the dominant winds are moderate in 

strength from the southerly sector. During summer and spring there is a higher frequency of north to 

easterly winds. During autumn there is a higher frequency of east to south-easterly winds. 

As the Cloncurry Bureau of Meteorology’s sites are located approximately 65km from the Project site, 

specific meteorological data has been developed from detailed meteorological simulations covering 

the mine site and surrounding region for use in dispersion modelling. This data includes site specific 

wind speed, wind direction and atmospheric stability. This information is presented in Section 4.5.1. 
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9.00 a.m. Cloncurry AERO – Calm 7% 3.00 p.m. Cloncurry AERO – Calm 8% 

 

 

9.00 a.m. Cloncurry Airport – Calm 1% 3.00 p.m. Cloncurry Airport – Calm 1% 

 

Figure 4.3 Average Wind Roses for Cloncurry AERO and Cloncurry Airport Weather Stations 
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4.1.1 Flooding 

The semi-arid to arid Cloncurry area is described as having a tropical continental climate (BOM 

Australia - Köppen Australian climate classification scheme). There are large year-to-year variations 

in rainfall and a major rainfall event may occur only once every 3 to 20 years. Nevertheless, 

precipitation in the semi-arid to arid climate of Cloncurry is dominated by summer storms and floods.  

The Australian BOM records show that a total of 13 Tropical Cyclones have passed within 200 km of 

Mount Isa during a 100 year period from 1906/07 to 2006/07. The majority of these did not have cross 

within the direct vicinity of the Project, but many have lead to increased rainfall at the Project site (see 

Figure 4.4). 

 

Figure 4.4 Tropical Cyclones Crossing Within 200 km of Mount Isa   

There is no flood data for the local creeks through the Project Site, however parts of the Project Site, 

access roads and water pipeline route susceptible to flooding from tributaries of the Dugald River and 

Silvermine Creek. A detailed summary of the flood studies undertaken for the Project are discussed in 

Section 4.4.1.1. 

The Project Site itself is not susceptible to flooding from the Dugald River however the main access 

road could be affected. During the period of 1969 - 2010 several significant floods have been 

recorded in the Dugald River at the Railway Crossing near where the Burke Developmental Road 

crosses this river. The most recent event was recorded in January 2009 with a peak discharge of 

1319 m
3
/s. Based on observations during the event and recorded water levels at the Silvermine Creek 

gauge site, no part of the Project site was inundated during the 2009 flood event however access 

from the Burke Developmental Road was cut intermittently for up to 2 months. 

Other significant historical floods include the 1971 flood with a peak discharge of 1,330 m
3
/s and the 

1974 and 1997 flood events with peak discharges of 1,108 m
3
/s and 1,148 m

3
/s respectively. The next 

most significant flood event was recorded in 1995 with a peak discharge of 507 m
3
/s.  Based on a 

flood frequency analysis the ARI of the 2009 and 1971 events are between 50 and 100 years. The 
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ARI of the 1974 and 1997 events is between 20 and 50 years. The ARI of the 1995 event is 

approximately 5 years.  

The total flood event may last from a few hours to several days depending on the rainfall pattern. If 

the rainfall lasts for an extended period the resultant flood would be multi-peaked. However, the 

duration of each flood peak would be quite short. Most of the flood waters would rise and fall within a 

period of approximately 12-18 hours.  

WRM calculated the following ARIs for the Project site: 

 1 in 10 Year ARI, 24 hour event has a predicted rainfall depth of 160 mm; 

 1 in 100 Year ARI, 72 hour event has a predicted rainfall depth of 350 mm; 

 1 in 20 Year ARI, 2 month wet season has a predicted rainfall depth of 707 mm; and 

 1 in 100 Year ARI, 2 month wet season has a predicted rainfall depth of 1082 mm. 

The management of flooding on the Project site in terms of proposed infrastructure is discussed in 

Section 4.4.1.1. 

4.1.2 Droughts 

Failure of the wet season to occur can cause severe strain on the pastures and available surface 

water supplies. The onset of drought is greatly enhanced by the high evaporation rates during the 

summer months.  Evaporation losses during the dry season are less due to the lower temperatures. 

The effect that drought may have on the Project has been taken into consideration by utilising an 

established and reliable source of water, the Lake Julius Dam as the Project’s main water supply. 

This main water supply will be supplemented by recycling as much water as possible from the 

processing plant, the TSF and mine dewatering. The proposed TSF site itself provides for water 

harvesting off the dam from the valleys upstream. This is a valuable source of water for the Project 

and will reduce the amount of water the Project is required to source from Lake Julius via the 

proposed pipeline. 

4.1.3 Bushfires 

The peak fire season for the Project area is winter to spring (Figure 4.5) when the vegetation is at its 

driest and the probability of rainfall is low. Serious fires may follow long dry periods accompanied by 

El Nino - Southern Oscillation events.  

The Project will put in place bushfire mitigation measures such as establishing fire breaks and 

prohibiting the lighting of open fires on the Project site. 
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Figure 4.5 Typical Fire Seasons in Australia (BOM, 2008) 

 




