
'e) 

CTJ ;lVZrry 
	

4 
- 	EWT BYE2T PTH 	 oOO2-/I 

WORSLEY ALUMINA PTY LTD 
BODDINGTON GOLD MINE PROJECT 

MINING AND PROCESSING OF 
SUPERGENE/BASEMENT ORES 

NOTICE OF INTENT 

JULY 1989 



CONTENTS 

Section 	 Page 

SUMMARY 	 i 

1 INTRODUCTION 	 1 

1.1 Background 	 1 
1.2 The proponent 	 3 
1.3 Scope and timing of the proposal 	 3 
1.4 Benefits of the proposal 	 5 
1.5 Relevant legislation 	 6 

2 OVERVIEW OF THE EXISTING PROJECT 	 7 

3 THE PROPOSAL 	 8 

3.1 Mining operations 8 
3.2 Ore processing 12 
3.3 Residue management 16 
3.4 Water supply 19 
3.5 Construction 21 

4 ENVIRONMENTAL IMPACTS 	 22 

4.1 Mining operations 22 
4.2 Ore processing 25 
4.3 Residue management 26 
4.4 Water supply 27 
4.5 Clearing and stream salinity 27 
4.6 Construction 28 

5 ENVIRONMENTAL MANAGEMENT AND 
MONITORING 	 29 

5.1 Mining operations 29 
5.2 Ore processing 33 
5.3 Residue management 34 
5.4 Construction 35 
5.5 Biological monitoring 35 
5.6 Decommissioning 35 



Section 
	

Page 

6 SUMMARY OF ENVIRONMENTAL COMMITMENTS 	 36 

REFERENCES 

GLOSSARY 

ABBREVIATIONS 

APPENDIX 

A 	NO! guidelines issued by the Environmental Protection Authority 

TABLES 

3.1 Current reserves at the Boddington Gold Mine 	 8 
3.2 Inferred resources at the Boddington Gold Mine 	 10 
3.3 Possible reagents and consumption rates to be used in the flotation process 	14 

FIGURES 

1.1 Locaiityplan 	 2 
1.2 Boddington Gold Mine: Major elements and facilities 	 4 
1.3 Supergene and basement ores - indicative development schedule 	 5 

3.1 Typical geological profile of the Mining Area 9 
3.2 Options for mining the basement ores in Pit F 11 
3.3 Block diagram for proposed supergene/basement treatment process 13 
3.4 Location and possible layout of Supergene/Basement Treatment Plant 15 
3.5 Design layout of Flotation Residue Storage Area 18 
3.6 Sharing of Hotham River water by Boddington and Hedges Gold Mines 20 

4.1 Acid-forming potential of waste, ore and flotation residue 	 23 

5.1 Drainage patterns 	 31 



SUMMARY 

This Notice of Intent (NOl) outlines a proposal by Worsley Alumina Pty Ltd (WAPL) to 
mine and process basement and supergene ores at the Boddington Gold Mine (BGM). 

BACKGROUND 

The BGM Project, managed by WAPL on behalf of the Boddington Gold Mine Joint 
Venturers, was commissioned in July 1987 with a design ore throughput of 3 Mt/a. A 
proposal (October 1987) to increase ore throughput to 4.5 Mt/a under optimal conditions 
was approved by the State Government in February 1988, and the enhancement of 
facilities completed by late 1988. A second expansion proposal (July 1988) - to increase 
ore throughput to 6 Mt/a - was approved in December 1988; this expansion will be 
completed by the third quarter of 1989. 

To date, mining operations have been restricted to the lateritic (oxide) orebody. 
Exploration drilling programmes have defined substantial basement gold reserves and two 
zones of supergene mineralization at the basement-oxide interface, and WAPL now 
proposes to mine and process these ores. 

BENEFITS OF THE PROPOSAL 

The proposed development represents a $20 million investment, most of which would be 
spent in Australia. The design and construction phase would benefit suppliers and the 
engineering and construction industry, while the local economy would benefit from the 
requirement for goods and services during the operational phase. Construction would 
require a temporary workforce of approximately 100 personnel, and up to twenty 
additional employees would be required when operations commenced. 

PROPOSED SCHEDULE 

Current mining operations are already exposing basement ores, and the main supergene 
deposits will be exposed during early 1990. To optimize utilization of the total resources, 
it would be desirable that the upgraded facilities be commissioned by mid-1990: this 
would require that statutory approvals be obtained by the end of 1989, and construction 
commence in early 1990. 



DESCRIPTION OF THE PROPOSAL 

The supergene and basement ores would be mined as they became exposed by the oxide 
mining operation. The soft supergene and near-surface basement ores would be treated 
first. 

Standard open-cut mining methods, including the use of blasting, would continue to be 
employed. However, an alternative method to reach the deepest basement ore lens, using 
underground mining, would be evaluated in the future. 

Mine waste would be stockpiled for eventual use in backfilling mine-pits. The proposed 
mine waste stockpile would be located outside the mine-pit boundary because of the large 
waste-to-ore ratios and the practical requirement that basement areas not be backfihled until 
the end of mining operations. 

The supergene and some basement ores could not be treated by the carbon-in leach (Cit) 
process currently used in the existing Metallurgical Treatment Plant, because their copper 
mineralization adversely affects the Cit process. Basement ores are also much harder 
than oxide ores. Therefore, new crushing, grinding and processing facilities would be 
required. 

Supergene ores respond well to established flotation and gravity concentration processing 
techniques, so a flotation plant would be established to process 250,000 i/a of these ores 
to produce a gold/copper/silver concentrate. Basement ores (500,000 tla) would be 
processed through the flotation plant or the existing C[L process, depending on their 
copper content. A pre-leach circuit might be required for basement ores processed 
through the Cit circuit, as testwork has shown comparatively low gold recovery using 
CIL with reagent concentrations similar to those currently employed at the existing 
Metallurgical Treatment Plant. 

The Supergene/Basement Treatment Plant would incorporate a run-of-mine stockpile, 
separate crushing stations for supergene and basement ores, an intermediate crushed ore 
stockpile, milling and classification facilities, and a flotation facility housing gravity 
concentration, froth flotation, and product and residue thickening facilities. 

The product would be containerized for transportation off site (about thirty-five 20-tonne 
truck-loads per week). It is currently planned that the concentrate be toll-smelted off site. 

Residue generated by flotation treatment of supergene and basement ores would require 
separate residue handling and storage facilities, since reagents used in the flotation 
process, as well as copper, can interfere with the Cit process. It is proposed that the 
flotation residue be stored in a sub-compartment in the north-eastern section of the 
existing Residue Storage Area. The residue from basement ores processed through the 
Cit circuit would be stored in the existing Residue Storage Area. 

The future northern embankment of the existing Residue Storage Area would delineate the 
northern side of the Flotation Residue Storage Area; the eastern side would be formed by 
extension of the existing eastern embankment; and an internal embankment would 

It 



separate the flotation residues from CTh residues. The Flotation Residue Storage Area 
would hold 2,250,000 m3  up to the maximum level proposed for the existing Residue 
Storage Area; a total of 1.9 Mt of flotation residue could thus be stored in the new storage 
area. 

Residue would be deposited using the 'layered deposition' technique, which forms 
beaches to maximize drying by evaporation. Residue would be discharged at either end 
of the northern embankment, creating a decant area at the internal embankment. 
Supernatant water would be collected and returned to the flotation process by a reclaim 
water pump station positioned at the western end of the internal embankment. 

The existing Residue Storage Area would initially be higher than the Flotation Residue 
Storage Area, and any seepage would be towards and into the flotation residue, rather 
than from it. Should the Flotation Residue Storage Area eventually become higher, any 
seepage into the main storage would be no more than 0.3 m3/d due to the low driving 
head. 

An additional 250 ML/a of water would be required for the flotation process. The 
existing water supply system, based on pumping from the Hotham River into the lower 
Water Supply Reservoir, has the capacity to meet this requirement, with a marginal 
reduction in the drought tolerance of the system. No increase in the Hotham-pumping 
rate approved by the Water Authority of Western Australia would be necessary. 

Process water supplies are likely to be supplemented by the pumping of seepage from the 
mine-pits, and residue reclaim water, which would be stored in a process water tank. 

Construction of the major new facilities would take six months, with an estimated peak 
workforce of 100. The workforce would be accommodated in the existing Construction 
Camp. 

ENVIRONMENTAL IMPACTS 

Mining of the supergene and basement ores would require little additional forest clearing, 
as they are located within the already defined boundary of the oxide orebody. Noise 
generated from mining activities would not exceed current levels. 

An area of 110-120 ha of privately owned forest would need to be cleared for the mine 
waste stockpile; this area has already been subjected to timber harvesting, and most of the 
Jarrah regrowth is immature. 

Drainage from the mine waste stockpile is unlikely to be a problem, as testwork has 
shown that wastes are either non-acid-forming or have low acid-forming potential. 

The acid-forming potential of some supergene ores has been shown to be high, so 
drainage from ore stockpiles would need to be managed to prevent the uncontrolled 
discharge of contaminated water. 

A hydrogeological assessment of one of the pits has provided preliminary estimates of 
potential groundwater seepage into the mine-pits following excavation below the water- 
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table: an inflow of 4.5 L/s has been predicted. The long-term steady state groundwater 
flow from the lower Water Supply Reservoir into the open pit is estimated to be 0.3 L/s. 

Only an additional 0.25 ha of privately owned forest would require clearing to 
accommodate the Supergene/Basement Treatment Plant. 

The additional traffic (thirty-five trucks per week) generated by transport of the product 
would have negligible impact on overall traffic volumes in the area. 

The area to be cleared for the Flotation Residue Storage Area (30 ha) has already been 
approved for CIL residue storage. Drainage from the Flotation Residue Storage Area 
would require management; however, flotation residues are non-acid-forming, and the 
reagents proposed for use in the flotation process are biodegradable. 

The potential for increased salinity of Thirty-Four Mile Brook due to clearing for the 
proposed development is low: the area to be cleared for the mine waste stockpile 
represents only 1.1% of the 9,000 ha catchment of the lower Water Supply Reservoir, 
and the contribution of the BGM area to streamfiow in Thirty-Four Mile Brook is 
relatively low. 

Fewer personnel would be required for the construction phase of the proposed 
development than for construction of the 6 Mt/a expansion facilities currently in progress. 

ENVIRONMENTAL MANAGEMENT 

The acid-forming potential of mine waste is low. However, should problems arise from 
the storage of supergene wastes due to the presence of reactive sulphides or remnant 
supergene ore with high acid-forming potential, supergene wastes would be fully 
encapsulated with other, inert wastes. This strategy would limit sulphide oxidation and 
prevent the release of sulphate salts through leaching. At the completion of mining, the 
encapsulated waste would be returned to the mine-pits as backfill and covered with other 
inert material. 

An operational monitoring programme would be implemented to demonstrate the 
geochemical behaviour of the ore and waste, and to identify any material requiring special 
handling or treatment. This programme would involve the sampling and analysis of 
waste rock ahead of the mining face, and the monitoring of mine-pit water, and of waste 
and ore stockpile drainage. 

Uncontaminated groundwater seepage and rainwater in mine-pits would be collected in 
sumps and either pumped to the surface for use in dust suppression or delivered through 
movable pipes to the lower Water Supply Reservoir on Thirty-Four Mile Brook. 
Drainage and seepage water from ore and waste stockpiles and mine-pits that was not 
suitable for delivery to the Water Supply Reservoir would be transferred to the 
Supergene/Basement Treatment Plant. 

The existing groundwater and surface water monitoring programme would be expanded 
to incorporate comprehensive monitoring around the pit perimeter, and between the lower 
Water Supply Reservoir and pit area, to review groundwater inflow estimates. 
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Requisite safety equipment and procedures would be employed for storing and handling 
flotation reagents. Spills and leaks would be contained and either reused in the process or 
pumped to the Flotation Residue Storage Area. 

Noise levels generated from the plant would meet statutory requirements for the protection 
of the workforce and the nearest residents. 

Dust from mine-pits and haul roads would be controlled by the application of water from 
mobile tankers. 

Seepage control features proposed for the Flotation Residue Storage Area, and to be 
developed in consultation with the Water Authority, include stripping of gravels to 
prevent seepage through fissures and root channels in the clay, an interceptor drain, a 
15 m wide clay blanket, a deep cut-off trench, and a series of monitoring/recovery bores 
installed outside the northern and eastern embankments. The bores would enable seepage 
to be returned to the Flotation Residue Storage Area and/or the flotation facility. 

The main residue pipeline from the flotation facility would follow the existing residue 
pipelines, which run adjacent to the Residue Pipeline Route Service Road. The existing 
corridor drainage and containment ponds would ensure containment for up to fifteen 
minutes of pumping from a broken pipeline, plus any material within the pipeline that 
could gravitate to the ponds. 

Accommodation of the construction workforce in the existing Construction Camp would 
minimize social impacts. Appropriate measures would be taken to minimize potential 
impacts resulting from construction activities. 

All aspects of environmental management of the BGM Project have been documented in 
WAPL's Environmental Management Plan (April 1987) and supplemented by the States 
conditions for approval of the October 1987 and July 1988 expansion proposals. The 
policies, procedures and commitments outlined in these documents would apply, where 
appropriate, to the proposed development. 
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Section 1 

INTRODUCTION 

1.1 BACKGROUND 

The Boddington Gold Mine (BGM) Project involves the mining and processing of an 
orebody located approximately 13 km north-west of the town of Boddington (Figure 
1.1). 

Environmental approval for the project was granted by the State Government in December 
1985, after the Environmental Protection Authority (EPA) reviewed and assessed an 
Environmental Review and Management Programme (ERMP) prepared by the Worsley 
Alumina Joint Venturers (Worsley Alumina Joint Venturers 1985). Approval was subject 
to the Joint Venturers adhering to the commitments made in the ERMP and subsequent 
submissions, and complying with specific EPA recommendations (Department of 
Conservation and Environment 1985). EPA Recommendation 18 required the preparation 
of an Environmental Management Programme (EMP) to document all aspects of 
environmental management prior to the commissioning of the project. The EMP 
(Worsley Alumina Pty Ltd 1987a) was submitted to the EPA in April 1987 and approved 
in June 1987. 

Mining and processing of gold-bearing ores commenced in July 1987 at a maximum rate 
of 8,000 t/d (3 Mt/a), the actual rate varying with the hardness of the ore encountered. 
To date, only the lateritic (oxide) profile has been mined. 

A Notice of Intent (NOl) was submitted to the State in October 1987 (Worsley Alumina 
Pty Ltd 1987b), proposing the enhancement of facilities to allow ore throughputs of up to 
12,000 t/d (4.5 Mt/a), under optimal conditions of ore hardness and water supply. The 
proposal was evaluated in EPA Bulletin No. 313 (Environmental Protection Authority 
1987), received State approval in February 1988 and was implemented by late 1988. 

Following progressive reassessment of the orebody in early 1988, a second NOl was 
submitted to the State in July of that year (Worsley Alumina Pty Ltd 1988). This 
proposed a further expansion of facilities to increase ore throughput to 16,000 t/d 
(6 Mt/a), allowing the processing of ore previously classified as marginal and, at that 
stage, being either stockpiled or left in situ in the mine-pits. Approval was granted in 
December 1988 after evaluation by the EPA (Bulletin No. 361, Environmental Protection 
Authority 1988), and construction works are currently under way to implement the 
expansion by the third quarter of 1989. 
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Exploration drilling programmes targeting the profile beneath the oxide orebody have 
progressively defined substantial basement gold reserves (i.e. quantified and mineable) 
and potential resources (i.e. inferred, not yet proven). Two zones of supergene 
mineralization (gold/copper/silver enrichment) have also been identified at the basement-
oxide interface. Of the basement ores, the 'Pipeline' deposit (some 2,000,000 t) is so 
named because of its location beneath the original water supply pipeline across the 
orebody. The 'Diorite' deposit is a large low-grade basement resource (with the 
predominant rock type being diorite) that could become a long-term replacement for the 
oxide ores currently being processed in the Metallurgical Treatment Plant. The location 
of these orebodies is shown in Figure 1.2. 

Worsley Alumina Pty Ltd (WAPL) proposes to mine and process both the basement and 
supergene ores. Recommendation 16 of the EPA evaluation report on the BGM Project 
(Department of Conservation and Environment 1985) requires that details of any proposal 
to either mine deeper or extend oxide ore mining be provided, to facilitate determination of 
the level of environmental assessment required for State approval. 

Following discussions with the EPA and the Department of Mines, WAPL submitted a 
'trigger' document to the State in April 1989 in compliance with Recommendation 16 and 
the requirements of the Environmental Protection Act, 1986 (as amended). The level of 
environmental assessment determined by the EPA for the proposal was an NO!. This 
NO! therefore describes the various components of the proposal and details the potential 
environmental impacts and plans for their management. The NO! has been prepared in 
accordance with the guidelines issued by the EPA (Appendix A). 

1.2 THE PROPONENT 

The BGM Project has been developed by the Boddington Gold Mine Joint Venturers, a 
consortium comprising Reynolds Boddington Mines Ltd (40%), Billiton Australia Gold 
Pty Ltd (30%), BHP Gold Mines Limited (20%) and Kobe Alumina Associates 
(Australia) Pty Limited (10%). WAPL is responsible for management of the project on 
the Joint Venturers' behalf. 

1.3 SCOPE AND TIMING OF THE PROPOSAL 

Current (June 1989) reserves total 312,000 t of supergene ores in Pit F and 344,000 t of 
basement ores in Pit A (Figure 1.2 shows the location of these pits). Both these 
mineralized zones would be available from 1990. Inferred resources total a further 
300,000 t of supergene ores and at least a further 2,500,000 t of basement ores (the 
Diorite prospect contains a further estimated 20,000,000 t of basement ores, which could 
in the longer term replace the oxide ores currently providing feed for the existing CIL 
plant). 
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Figure 1.3 
SUPERGENE AND BASEMENT ORES - INDICATIVE DEVELOPMENT 
SCHEDULE 

Figure 1.3 shows the indicative development schedule for the supergene and basement 
ores. Some basement ores are currently being exposed through mining of the overlying 
oxide orebody, while the main supergene deposits will be exposed during the first half of 
1990. To optimize utilization of the total resources, it would be desirable that the 
expansion be in operation by mid-1990, requiring the commencement of construction in 
early 1990. This schedule is predicated upon statutory approvals being obtained by the 
end of 1989. 

1.4 BENEFITS OF THE PROPOSAL 

The proposed development would involve additional investment by the proponent of 
around $20 million, most of which would be spent in Australia, thereby benefiting 
suppliers and the engineering and construction sectors of industry. The local economy 
would also benefit by the requirement for regular supply of goods and services during the 
operational phase. 

The proponent would benefit by increased revenue from the processing of the supergene 
and basement ores. The currently expected ten-year project life of the BGM operations 
may be significantly extended beyond the year 2000 should the currently inferred 
basement resources be proven. 



Construction of the additional facilities would employ a temporary workforce of about 
100, while up to twenty additional employees would be required during the operational 
phase. 

1.5 RELEVANT LEGISLATION 

The following legislation would apply to the construction and operation of the proposed 
development: 

Mining Act, 1978 (as amended), administered by the Department of Mines; 

Mines Regulation Act, 1946 (as amended), administered by the Department of Mines; 

Environmental Protection Act, 1986 (as amended), administered by the EPA; 

Rights in Water and Irrigation Act, 1914 (as amended), administered by the Water 
Authority of Western Australia (Water Authority); 

Aboriginal Heritage Act, 1972 (as amended), administered by the Western Australian 
Museum; 

Conservation and Land Management Act, 1984 (as amended), administered by the 
Department of Conservation and Land Management (CALM); 

Occupational Health, Safety and Welfare Act, 1988, administered by the Department 
of Occupational Health, Safety and Welfare; 

Health Act, 1911 (as amended), administered by the Health Department of Western 
Australia; 

Local Government Act, 1960 (as amended), administered by the Shire of 
Boddington; 

Explosives and Dangerous Goods Act, 1961 (as amended), administered by the 
Department of Mines; 

Poisons Act, 1964 (as amended), administered by the Health Department of Western 
Australia. 

The proponent is aware of the responsibilities imposed by these Acts and associated 
regulations and would ensure that all requirements were met. 
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Section 2 

OVERVIEW OF THE EXISTING PROJECT 

The April 1987 EMP, and October 1987 and July 1988 NOIs provide a detailed 
description of the original project and the recent enhancements of facilities; a summary 
overview is provided in this section. 

Ore is currently being mined by selective open-cut methods. Mining operations have been 
restricted to the oxide (weathered) gold orebody. Run-of-mine (ROM) ore is delivered by 
rear-dump truck to a stockpile at the Metallurgical Treatment Plant, situated to the north-
east of the Mining Area. (Figure 1.1 shows the location of the various elements of the 
project.) The Plant Site accommodates crushing, milling, leaching and gold-recovery 
facilities for the extraction of gold by the carbon-in-leach (CIL) process. Smelted bullion 
is transported to Perth for final refining. 

Access to the Plant Site is via a 13 km sealed Access Road from the Bannister—Marradong 
Road. Power is supplied by a double-circuit feeder line from the State Energy 
Commission of Western Australia 132 kV Muja—Northern Terminal line. 

Water is supplied to the Metallurgical Treatment Plant via two pipelines from the original 
(lower) Water Supply Reservoir on Thirty-Four Mile Brook: a 4.5 km line located to the 
west of and across the orebody; and a 6.5 km line (installed as part of the 6 Mt/a 
expansion) crossing the southern part of the orebody and following Haul Road No. 1 to 
the Plant Site. This water supply is supplemented by pumping during winter months 
from the Hotham River via two pipelines to the lower Water Supply Reservoir. The 1988 
expansion of facilities included construction of an additional 3,060 ML capacity Water 
Supply Reservoir upstream from the existing 4,940 ML capacity reservoir (increased 
from 4,000 ML as part of the 4.5 Mt/a enhancement by the installation of an inflatable 
rubber dam across the spillway); the total storage capacity is thus 8,000 ML. Potable 
water for the gold-recovery circuit and human consumption is supplied by desalination of 
reservoir water in a reverse osmosis plant. 

The waste stream from the CIL process is a barren slurry, which is pumped in two 
pipelines to the Residue Storage Area. The residue is retained behind embankments that 
are being progressively raised to contain the residue to be produced over the life of the 
project. The 'layered deposition' technique creates beaches to maximize drying by 
evaporation from the residue surface. As the residue settles, decant water, rainwater and 
under-drainage are removed and pumped back in a single pipeline to the Process Water 
Pond at the Plant Site for reuse in the treatment process. 
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Section 3 

THE PROPOSAL 

This section outlines additions and changes to the existing project that would be required 
for the proposed mining and processing of basement and supergene ores. No additional 
clearing of State Forest would be required - this proposal would be almost wholly 
confined to private land. 

3.1 MINING OPERATIONS 

3.1.1 GEOLOGICAL RESERVES 

Figure 3.1 represents a typical geological profile of a section of the Mining Area below 
and including the lateritic profile; this profile demonstrates the complexity of the BGM 
orebody. The possible mining and treatment rates for current reserves and inferred 
resources, as well as their projected availability for processing, are presented in Tables 
3.1 and 3.2. 

Table 3.1 Current reserves at the Boddington Gold Mine 

Mineralized zone 	Reserve 	Available 	Mining 	Treatment 	Process 
(Ia) 	from 	rate* 	rlie 

	

(kt/a) 	(kt/a) 

Main oxide orebody 	57,820 	1989 	18,000 	6,000 	Leh 
Pit F supergene 	 312 	1990 	 - 	250 	Flotation/Leach 
Pit A basement 	 344 	1990 	 - 	250 	Leach? 

* Includes overburden. 
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Table 3.2 Inferred resources at the Boddington Gold Mine 

Mineralized zone 	Resource 	Available 	Mining 	Possible 	Process 
(kt) 	from 	rate* 	treatment 

(kt/a) 	rate 
(ktJa) 

Pit B supergene 300 1992 - 250 	Flotation/Leach 
Diorite basement 20,000 1995+ 12,000 5,000 	Leach? 
Pipeline basement 2,000 1991? 6,000 500 	Rotation/Leach 
Pit D basement 500 1989 2,000 250 	Leath 

* 	Includes 	overburden.  

3.1.2 MINING METHOD 

It is proposed that the basement and supergene ores be mined as they become exposed by 
the current oxide mining operation. The softer supergene and near-surface basement ores 
would be treated first, with the potentially larger basement ores (especially the Diorite 
prospect) being exposed and treated towards the end of oxide mining operations (refer to 
Figure 1.3 for indicative development schedule). 

While it is proposed that standard open-cut mining methods, including blasting, would 
continue to be used, it may be necessary to construct underground facilities to mine 
deeper basement ores in some areas. 

The two options for mining the basement ores in Pit F are shown in Figure 3.2: option 1 
is the extension of the standard open-cut to reduced level (RL) 150 m and the construction 
of a decline shaft to gain underground access to the deepest ore lens at RL 65 m; option 2 
is an open-cut to the ore lens at RL 65 m. The comparative waste-to-ore ratios are 12:1 
for option 1 and 20:1 for option 2. Investigations to determine the most effective method 
are continuing. 

Mined ore would be transported along existing haul roads to the proposed 
Supergene/Basement Treatment Plant. 

3.1.3 MINE WASTE STOCKPILE 

Mine waste would need to be stockpiled for eventual use as backfill for mined-out pits. 
Large waste-to-ore ratios and the practical requirement that basement areas not be 
backfilled until near the completion of mining operations mean that little waste could be 
stockpiled inside the pit boundary. While it is planned to maximize the direct return of 
mine waste to pits, it is envisaged that most waste from the basement pits would be stored 
at the new South-West Stockpile, situated outside the already defined oxide mine-pit 
boundary, as shown in Figure 1.2. 

10 



PITF U__ _.....____. 	. 
-L 300rn 

,••••• 	,•_/ j
"  AL 300rn 

lIlI [I 	:. 	. 

. 	._'Il,._ ___.-iI ._S 	 I 	- I - . sf . 	. 	s'•_'' 	I' 	.. 	. ____ 	 '_ 

A L 250riu  R L 250m 

— 	_/ 	 1s1 	 I' 	'7.II __._;ff-;;-i 
_,S. %,5 .__C..y -5 \_iS. 	 _y_ .s,_I 4[jJ__I\_ ;_ . j 	I)4'S /SfS •• . - __#; 5h1,.__ç__I _F 

- A L 200m I 	 • ' )>ç 	 _.çL'5'Z.SS A I 	200ns- __________  

AL1.,Om 
1..-. AL15OnI 

S 	•''I •_ 	 ._ .. .'•." 	\' 	 - 	'-'S 	 \I_/_ 	. 	sI" s_.__-"_ ', 	- -' 	- 	- 	-,_s 	 S 	 •':. 	 ', 	- 	' 
'-DECLINE 	 --' 

\ 	i,.- 	\,\% 	 LEGEND 

A L lOOm - r 	Ore tenses - 
\ SI_ A L 100ni - 

Oxide 

-:'' 	.-_ _- 	- 	 ., 	.' 	 •' 	Basement .:'- 

A L 501n ' 	'S '- 	-'.' 	 zI 	S.  A 	5001 - 

Option 1 	Open-cut to RL 150 m and decline to RL 65 m lens. Waste-to-ore ratio 12:1 

OUn 	 Option 2 	Open-cut to RL 65 m. Waste-to-ore ratio 20:1 



Trucks would be used to transport waste and low-grade ore between mine-pits and the 
South-West Stockpile. 

3.2 ORE PROCESSING 

3.2.1 CHARACTERISTICS OF THE ORE 

Metallurgical testwork has identified the following features of the BGM supergene and 
some basement ores: 

the occurrence of copper in various forms; 

the presence of suiphides, and the association of gold with the suiphides; 

the presence of a significant component of gravity-recoverable gold; 

the excellent response of the ore to flotation, with controlled suiphidization (involving 
the use of sodium suiphide to activate oxide compounds of copper for collection in 
the flotation process) being particularly effective in the flotation treatment of some ore 
types; 

the heterogeneous nature of the ore in terms of hardness and mineralogy. 

The geological characteristics of basement ores vary with different pits; specific features 
of individual pits are being identified as the mining operation progresses. Testwork to 
date has shown poor extraction of gold from some basement ores using the CIL process, 
with attendant high cyanide consumption rates. 

3.2.2 THE SUPERGENE/BASEMENT TREATMENT PROCESS 

The copper mineralization in the supergene and some basement ores could have adverse 
effects on the OIL process currently used at the BGM. For this reason, the supergene and 
copper-rich basement ores would be processed in a new flotation facility to produce a 
gold/copper/silver concentrate for off-site smelting. 

Because the supergene and some basement ores would require isolation from Cit ores, 
and because the basement ores are much harder than the oxide ores currently being mined 
and processed, new stockpiling, crushing and grinding facilities would be required. Ore 
crushed and ground in these facilities would be processed by one of the three routes 
shown in Figure 3.3. 

The froth flotation process is commonly used in the extractive metals industry. Specific 
collector chemicals are added to an agitated slurry of finely ground ore to alter the surface 
characteristics of selected mineral species and to render them hydrophobic. These 
minerals selectively attach to air bubbles introduced into the slurry, rise to the surface and 
are held there by a froth-stabilizing agent. The froth containing the selected minerals is 
then removed and thickened, typically concentrating the minerals by a factor of 10. 
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Basement ores would be processed either by flotation or through the existing C1L circuit, 
depending on their copper content. Ores processed by CTh methods might first pass 
through a pre-leach circuit to maintain high gold recovery rates. 

3.2.3 FLOTATION REAGENTS 

Details of the reagents likely to be used in the flotation process are presented in Table 3.3. 
These reagents and the consumption rates proposed are common to similar flotation plants 
in Australia and overseas. 

Table 3.3 Possible reagents and consumption rates to be used in the flotation 
process 

Reagent 	 Typical 	 Product most likely 
consumption 	 to be used 

Frother 	 0.05-0.1 kg/t 

Collector 	 0.5-0.7 kg/t 

Promoter 	 0.2-0.3 kg/t 

Suiphidizing agent 	 2-3 kg/t 

pH modifier 	 0-1.0 kg/t 

Flocculant 	 0-15 g/t (concentrate thickening) 
30-100 g/t (tailings thickening) 

Activator 	 50-60 g/t 

MIBC: Methyl iso-butyl carbinol 

PAX: Potassium amy! xanthate 

A238: Dithiophosphate 
(Aerofloat 238) 

Na2S: Sodium suiphide 

NaOH: Sodium hydroxide 

CuSO4: Copper sulphate 

(basement ore flotation) 

3.2.4 SUPERGENE/BASEMENT TREATMENT PLANT 

The proposed location and possible general arrangement of the Supergene/Basement 
Treatment Plant are shown in Figure 3.4. The new plant would be located adjacent to the 
reagents preparation area of the existing Metallurgical Treatment Plant, allowing direct 
access from the existing haul roads. In line with the proposed development schedule 
(Figure 1.3), initial work would involve construction of the flotation circuit and facilities 
for processing supergene ores at rates of up to 250,000 t/a; additional construction would 
be required later for treatment of basement ores by either flotation or through the existing 
C1L plant at rates of up to 500,000 I/a. Maximum use would be made of existing water, 
power and operations facilities. 
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A single RUM stockpile area would be constructed between two crushing stations, 
allowing ore to be taken from the RUM stockpile by front-end loader to either crushing 
station. 

One crushing station would handle supergene and soft basement ores. The crushed ore 
would be delivered via conveyor to a crushed ore stockpile; from here, it would pass to a 
ball mill and cyclone, and then to the new flotation facility. 

The other station would crush the hard basement ores in a primary and then a secondary 
crusher. The crushed ore would pass through a screen, ball mill and cyclone, and would 
then be delivered to either the flotation facility or the existing CIL circuit, via pipeline over 
a pipe-rack, at the existing Metallurgical Treatment Plant. 

The flotation facility would house a filter plant and flotation cells. The concentrate 
produced would be containerized for transportation off site. 

3.2.5 PRODUCT TRANSPORT 

The Supergene/Basement Treatment Plant would produce a filtered concentrate (up to 6 
dry tlh) typically comprising: 

copper 25-35% 
sulphur 15-35% 
iron 7-30% 
silicon dioxide 7-22% 
aluminium oxide 2-10% 
silver 150-300g/t 
gold 30-200 g/t 

Other elements and compounds would be present in very small concentrations. 

About thirty-five 20-tonne loads of product would be trucked from Boddington each 
week. It is currently planned that the concentrate would be toll-smelted overseas, 
although some could be purchased by companies operating smelters in the Eastern States. 

3.3 RESIDUE MANAGEMENT 

Reagents used in the flotation process can, under some conditions and at high 
concentrations, interfere with the CIL process. Therefore, residue generated by flotation 
treatment of supergene and basement ores would require new handling and storage 
facilities to allow separation from CIL residues. It is proposed that flotation residues 
requiring separate storage be deposited in an isolated sub-compartment in the north-
eastern section of the existing Residue Storage Area (see Figures 1.1 and 1.2). 

Residue from the larger proportion of basement ores, which are expected to be amenable 
to CIL processing, would be deposited in the existing Residue Storage Area. Additional 
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residue storage would be required in the longer term if the total inferred resources were 
proven and subsequently exploited, and the residue storage requirements exceeded the 
capacity of the existing Residue Storage Area; any proposal for development of additional 
residue storage capacity would be referred to the State at the appropriate time. 

It is currently planned that tailings from some basement ores processed by flotation be 
passed (after thickening and re-slurrying, which would markedly reduce concentrations of 
flotation reagents) through the CIL circuit to leach residual gold; the residue would be 
stored in the existing Residue Storage Area. However, should this further processing 
prove to be uneconomic, or should residual copper interfere with the CIL process, residue 
from these basement ores would be stored in the Flotation Residue Storage Area. 

3.3.1 EMBANKMENTS 

The general arrangement of the Flotation Residue Storage Area in relation to the north-
eastern section of the existing Residue Storage Area is shown in Figure 3.5 (Figures 1.1 
and 1.2 show the general location). As indicated, the northern boundary of the Flotation 
Residue Storage Area would be delineated by the future northern embankment of the 
existing Residue Storage Area, while the eastern side would be enclosed by extension of 
the existing eastern embankment; a new internal embankment would be constructed to 
separate flotation and CIL residues. 

These embankments would impound a volume of 2,250,000 m3  up to RL 330 m, the 
same maximum RL proposed for the existing Residue Storage Area. At a slurry density 
of 55% solids after thickening of the residue, each cubic metre of storage would contain 
0.85 t of solids; a total of 1.9 Mt could thus be stored in the Flotation Residue Storage 
Area. 

The internal embankment would be raised progressively to maintain separation of CIL and 
flotation residues. 

The design of the northern and extended eastern embankments, which would be similar to 
that of the existing eastern embankment, would be developed in consultation with the 
Water Authority. 

3.3.2 RESIDUE DEPOSITION 

The operation of the Flotation Residue Storage Area would involve the layered deposition 
technique, providing beaches to maximize drying by evaporation; a water reclaim facility 
would remove the supernatant water as the solids settled. In this way, evaporation and 
reclaim pumping would maximize the removal of water from the slurry, thus increasing 
the density and stability of the residue. 

Deposition in layers maximizes the length of time residue is subjected to drying. As each 
layer loses moisture, the residue shrinks and becomes more dense, until negative pore 
pressures are attained and cracking occurs. This process of drying and cracking causes 
the residue to become moisture-stable and reduces the potential for seepage through it by 
allowing the build-up of layers of low permeability. 
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Since the area for storing the flotation residue is relatively small (30 ha), only two residue 
discharge points (spigots) would be required (see Figure 3.5). These spigots would be 
positioned towards either end of the northern embankment, creating a decant area at the 
internal embankment. 

The main residue pipeline from the Supergene/Basement Treatment Plant would follow 
the existing residue pipelines, which run adjacent to the Residue Pipeline Route Service 
Road. 

3.3.3 WATER RECLAIM 

The Flotation Residue Storage Area would be designed to minimize seepage from the area 
(see Section 5.3.3). 

Supernatant water and stormwater runoff would pool in the decant area and be pumped 
back to the flotation facility by a reclaim water pump station positioned at the western end 
of the internal embankment (see Figure 3.5). Excess water resulting from extreme rainfall 
events would be returned to the plant as quickly as practicable. 

As the main Residue Storage Area would initially be higher than the Flotation Residue 
Storage Area, any seepage would be towards and into the flotation residue, rather than 
from it. After several years of residue deposition, the Flotation Residue Storage Area 
might be one or two metres higher, but any resulting seepage into the main storage would 
be minor due to the low driving head. A 'worst case' estimate of flotation residue 
seepage entering the main storage is 0.3 m3/d, an insignificant amount relative to the 
inflow of CIL residue. 

3.4 WATER SUPPLY 

The water supply system for the BGM Project is based on pumping from the Hotham 
River into the lower Water Supply Reservoir (see Figure 1.1), with pumping rates 
controlled by the terms of a licence issued by the Water Authority. Water Authority 
Licence No. 23670, which was issued to WAPL in April 1989, stipulates that water 
abstraction from the Hotham River be limited to a maximum rate of 3,300 kL/h, while 
maintaining a base streamfiow of 342 kL/h, and operated in accordance with an 
agreement for sharing the available flow with Alcoa of Australia Ltd's Hedges Gold 
Mine, as summarized in Figure 3.6. 

An additional raw water supply of about 250 ML/a would be required for processing the 
estimated 250,000 t/a of supergene and copper-rich basement ores. Basement ores treated 
through the existing CIL process would require about 1.3 t of water per tonne of ore. 

The timing of the supergene and basement ore projects (see Figure 1.3), and the extent to 
which they are additional to the capacity of the existing CIL plant, would determine the 
long-term water requirements for the BGM Project. The existing water storage and 
Hotham River pumping facilities (as licensed by the Water Authority) would allow for 
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some small but significant increases in total annual raw water consumption by the project 
in the future. Process water supplies are likely to be supplemented by the pumping of 
seepage and runoff water from the basement mine-pits and by residue reclaim water, but 
the extent to which these potential additional sources might augment the water supply is 
difficult to assess at present; should they prove to be only minor resources, the use of 
additional Hotham River water would marginally reduce the drought tolerance of the 
existing water supply system - such additional use of Hotham River water would be 
achieved without alteration of the existing raw water storage capacity or of the conditions 
of the Water Authority Licence to pump from the Hotham. 

Process water would primarily be taken from the raw water pipeline recently constructed 
as part of the 6 MtJa expansion. The pipeline route follows the haul road adjacent to the 
proposed Supergene/Basement Treatment Plant. A process water tank would be 
constructed at the plant; this would also store thickener overflows and residue reclaim 
water for reuse in the plant. 

3.5 CONSTRUCTION 

The main construction phase of the project would extend over a six-month period and 
would require an estimated peak workforce of 100 personnel. Subsequent construction 
associated with basement ore treatment facilities would extend over three to six months 
and require a workforce of approximately fifty. This workforce would be accommodated 
in the existing Construction Camp. 

Initial construction activities for the Supergene/Basement Treatment Plant would involve 
site earthworks, using equipment common to most plant site preparation operations. 
Plant construction would involve the assembly (using bolted or welded connections) of 
process components and pipelines manufactured off site. 
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Section 4 

ENVIRONMENTAL IMPACTS 

The existing environment of the BGM is described in detail in the 1985 ERMP and the 
April 1987 EMP. This section outlines the potential impacts on the existing environment 
of the proposal to mine and process the basement and supergene ores. Proposed 
measures to manage or ameliorate these impacts are described in Section 5. 

4.1 MINING OPERATIONS 

4.1.1 FOREST CLEARING 

Little additional forest clearing would be required for mining operations, as the basement 
pits are predominantly contained within the already defined pit boundary of the oxide 
orebody (see Figure 1.2). 

Clearing would be necessary to accommodate the additional mine waste stockpile area 
outside the pits (an estimated area of 110-120 ha). This area of forest is privately owned 
land that has already been subjected to timber harvesting; most of the Jarrah regrowth is 
immature. 

4.1.2 ACID GENERATION FROM WASTE AND ORE 

Associated with the stockpiling of some copper-rich mine waste and ore is the potential 
for acidic drainage. 

A study has been undertaken to predict the acid-forming potential of mine waste and ore 
using samples from Pit F supergene, the Pipeline basement, and Pits A and D basement 
ores. The samples were analysed for a range of characteristics, including total sulphur, 
acid neutralizing capacity, pH, electrical conductivity, net acid-producing potential and net 
acid generation. 

The results of the study, shown in Figure 4.1, are summarized as follows: 

Pits A and D: 

Waste and ore are non-acid-forming. 
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Pipeline basement (Pit F): 

Ore has a low acid-forming potential. 
Waste is either non-acid-forming or has a low acid-forming potential. 

Pit F supergene (refer Figure 3.1): 

Ores from zone 3 (lower portion of the supergene deposit, consisting of 
suiphide chalcocite) and zone 4 (hypogene deposit, consisting of chalcopyrite) 
have a very high acid-forming potential, although acid generation would be 
dependent on oxidation through surface exposure. Short-term leachates may 
contain elevated levels of sulphate salts. Therefore, without appropriate 
management measures, long-term ore stockpiles could be a potential source of 
contaminated drainage. 

Ore from zone 2 (upper portion of the supergene deposit, consisting of 
malachite) is non-acid-forming. 

Waste has a low acid-forming potential. 

4.1.3 MINE-PIT DRAINAGE 

Potential impacts associated with mine-pit drainage concern groundwater inflow to the 
pits, acidic drainage from the pits, and stormwater runoff. 

A hydrogeological assessment of Pit F has been conducted to provide preliminary 
estimates of groundwater seepage into basement pits as a result of mining operations. The 
field studies comprised a series of drill holes within Pit F and between the pit and the 
lower Water Supply Reservoir. The groundwater system in the area consists of a 
discontinuous shallow aquifer within hardcap and gravels, and an unconfined 
groundwater-table largely within joints in the clay. The upper aquifer stores water and 
provides recharge to the deeper, jointed aquifer through permeable sections and old tree 
root channels. 

Based on the results of these field studies and a number of tests relating to permeability of 
soils and rock, the inflow of groundwater into Pit F is predicted to be 4.5 L/s, with a 
'worst case' estimate of 45 L/s. 

The hydrogeological assessment also studied the influence of the lower Water Supply 
Reservoir on seepage rates. The results showed the existence of a small groundwater 
flow from the Pit F area towards the reservoir. This contribution would be reduced when 
the pit floor was excavated below the water-table at RL 240 m (see Figure 3.2). The 
long-term steady state flow from the reservoir to the open pit is calculated to be 0.3 L/s, 
with a 'worst case' estimate of 3.0 Us. 

From metallurgical testwork undertaken to date, it is considered unlikely that acidic 
drainage from the mine-pits would be a significant problem. 
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4.1.4 NOISE 

Most noise generated during mining operations would result from blasting of basement 
ores, which commence at depths of 30-80 m below ground surface. 

In the April 1987 EMP, WAPL made a commitment that noise during blasting operations 
would never exceed 120 dB linear at the nearest residence, with 95% of blasts producing 
noise levels less than 115 dB. A 100-hole trial blast of basement ore in Pit D generated 
90 dB at the nearest residence, well within the required limit. 

The frequency of blasting would be variable, depending on the areas being worked. 

4.1.5 DUST 

Mining activities and the transportation of ore to the plant along haul roads have the 
potential to generate dust. 

4.2 ORE PROCESSING 

4.2.1 FOREST CLEARING 

The proposed Supergene/Basement Treatment Plant, occupying some 1-2 ha, would be 
located on the current site of the geological and warehousing storage areas. The majority 
of this area has already been cleared; only about 0.25 ha of privately owned forest, 
adjacent to the existing reagents preparation area, would require clearing. 

4.2.2 FLOTATION REAGENTS 

There is potential for environmental impact through leakage or spillage of reagents in the 
Supergene/Basement Treatment Plant. 

4.2.3 DRAINAGE 

Stormwater runoff and drainage from stockpiles of supergene and some basement ores 
awaiting processing could potentially contain copper, iron, acid or sulphate salt leachates. 
In particular, the acid-forming potential of zone 3 and zone 4 supergene ores is high 
(Section 4.1.2), precluding long-term exposure of these ores in situ or in stockpiles. 

4.2.4 NOISE 

The main source of noise from the Supergene/Basement Treatment Plant would be the 
crushing and grinding facilities. However, rubber lining of the grinding mills, as is the 
case in the existing mills, would ensure that noise levels were minimized. 
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4.2.5 DUST 

Dust would potentially be generated during operations at the Supergene/Basement 
Treatment Plant. 

4.2.6 PRODUCT TRANSPORT 

It is currently planned that the product be containerized for transport by truck. This 
would generate an additional thirty-five vehicle movements per week. By comparison, 
the annual average daily traffic, as recently measured by the Main Roads Department 
(MRD), on South West Highway north of Pinjarra is approximately 4,000 vehicles per 
day; on Albany Highway, just north of the Boddington turnoff, a recent MRD traffic 
count was approximately 1,750 vehicles per day; and minor roads around Boddington 
carry only a few hundred vehicles per day. Therefore, an additional thirty-five trucks per 
week would have negligible impact on traffic volumes. 

4.3 RESIDUE MANAGEMENT 

The location of the Flotation Residue Storage Area has a number of advantages in terms 
of minimizing environmental impact: 

the Storage Area could be developed immediately without having to open a new area; 

it is within an area already approved for residue storage; 

any seepage would drain, via the existing Residue Storage Area, into Thirty-Four 
Mile Brook, where the new Water Supply Reservoir provides a second line of 
protection against possible seepage into the lower Water Supply Reservoir, 

it has an existing network of monitoring bores; 

the geology and regional groundwater behaviour have already been investigated. 

4.3.1 FOREST CLEARING 

An area of 30 ha would need to be cleared for storage of flotation residue. The area 
proposed is a sub-compartment of the existing Residue Storage Area and has thus already 
been approved for clearing in the longer term. 

4.3.2 SEEPAGE 

Drainage from the Flotation Residue Storage Area would need to be managed to prevent 
seepage into the environment. As shown in Figure 4.1, flotation residues are non-acid-
forming. 
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4.3.3 FATE OF REAGENTS 

The main reagents required in the flotation process are frothers, collectors and promoters. 
The products likely to be used in the flotation facility (see Section 3.2.3) are 
biodegradable in both natural environments and residue impoundments (Bridie et al. 
1979; Steffan, Robertson and Kirsten 1986). In addition, the collector and promoter 
compounds hydrolyse in alkaline conditions (as would be the case with the flotation 
residue) to isopropyl alcohol, which is rapidly degraded in the environment. 

Other reagents, including suiphidizing agent, activator and pH modifier, would be added 
in relatively small quantities and, as the residue is alkaline and non-acid-forming, would 
not significantly affect the overall geochemistry of the residue. 

4.4 WATER SUPPLY 

The additional water requirements for the processing of supergene and basement ores 
could be met within the terms of the existing Water Authority Licence (No. 23670) for 
pumping from the Hotham River (see Section 3.4). 

Both the BGM and the Hedges Gold Mine have Hotham-pumping strategies based on 
withdrawal of most of the annual requirements during the high-streamflow months of 
June, July and August. During this period, which generally accounts for more than 50% 
of the total annual streamflow in the Hotham River, the amounts of water extracted 
constitute only a small proportion of the total Hotham flow. The environmental impact of 
the additional water requirements on the ecology of the Hotham River and on downstream 
users would not be significant. 

To meet one of the conditions of Water Authority Licence No. 23670 permitting a 
maximum extraction rate of 3,300 kL/h, WAPL is required to prepare a detailed study of 
the effects of water abstraction on the Hotham River. This report is to be submitted to the 
Water Authority by November 1989. 

4.5 CLEARING AND STREAM SALINITY 

The potential impacts on stream salinity resulting from clearing of vegetation in the BGM 
area are detailed in Appendix B of the April 1987 EMP. 

The catchment area of the lower Water Supply Reservoir on Thirty-Four Mile Brook is 
about 9,000 ha. The BGM is located in the eastern half of the catchment, which produces 
only about a quarter of the flow into the lower Water Supply Reservoir; the remainder 
comes from more numerous tributaries draining the higher rainfall Quarantine State Forest 
area to the west of the BGM. 

Taking into account the size of the area to be cleared for the mine waste stockpile and the 
Supergene/Basement Treatment Plant, the potential for a rise in stream salinity is low. 
The maximum total area of the lower Water Supply Reservoir catchment to be cleared (in 
excess of that originally proposed for the BGM operation) is approximately 100 ha (some 
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of the South-West Stockpile lies outside the catchment of the lower Water Supply 
Reservoir), representing 1.1% of the 9,000 ha catchment. Combined with the relatively 
low contribution of the BGM area to the streamflow in Thirty-Four Mile Brook, this 
amount of clearing is unlikely to have significant impact on the salinity of Thirty-Four 
Mile Brook. Furthermore, the rehabilitation programme to be implemented at the 
completion of mining, as detailed in the April 1987 EMP, would further reduce the 
possible risk to stream water quality. 

4.6 CONSTRUCTION 

The peak construction workforce estimated for the project is 100 personnel, compared 
with the 250 personnel involved in the current 6 Mt/a expansion. 

Other potential impacts of this phase of the proposed development are the generation of 
noise and dust from construction activities. 
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Section 5 

ENVIRONMENTAL MANAGEMENT AND 
MONITORING 

An extensive programme of environmental management for the BGM was documented in 
the April 1987 EMP, which was approved by the State in June 1987; that programme was 
subsequently supplemented by the conditions of the State's approvals of the 4.5 Mt/a 
enhancement in February 1988 and the 6 Mt/a enhancement in December 1988. The 
policies, procedures and commitments of the April 1987 EMP and subsequent documents 
would apply, where appropriate, to the proposed development. 

5.1 MINING OPERATIONS 

5.1.1 FOREST CLEARING 

All WAPL clearing operations are undertaken in compliance with comprehensive 
environmental management procedures, as presented in full in Appendices A and E of the 
April 1987 EMP. In summary, clearing activities involve: 

harvesting of sawlogs; 

removal of minor forest produce where possible; 

windrowing and burning of remaining material; 

salvage of topsoil (including ash) and root-bearing gravels, where possible, for use 
in rehabilitation; 

use of non-linear shaping techniques to minimize the visual impact of clearing 
boundaries. 

WAPL would formulate a suitable rehabilitation programme for the areas cleared for the 
proposed development, based on the programme approved for the oxide orebody in the 
April 1987 EMP. 

5.1.2 MINE WASTE STOCKPILE 

Design 

Preliminary testing indicates that the acid-forming potential of supergene and basement 
mine wastes is low (Section 4.1.2); therefore, there is little likelihood of environmental 



impact in relation to waste stockpiling. However, as the supergene wastes contain low 
levels of reactive suiphides and may also be associated with small quantities of remnant 
supergene ore with high acid-forming potential, WAPL has developed a strategy for 
management of the mine waste stockpile should acidic drainage problems arise. The 
strategy involves encapsulation of the supergene mine waste with other, inert wastes, 
effectively isolating the potentially acid-forming wastes from the elements. This would 
restrict suiphide oxidation, preventing the release of acid or sulphate salts through 
leaching. At the completion of mining operations, the encapsulated supergene wastes 
would be returned to the mine-pits as backfill and covered with other inert waste material. 

The mine waste stockpile would be graded to prevent water accumulation and to direct 
water into a perimeter drainage system (see Figure 5.1). Stormwater runoff from the 
mine waste stockpile would be managed separately from seepage from the stockpile to 
ensure maximum discharge of uncontaminated runoff into the lower Water Supply 
Reservoir on Thirty-Four Mile Brook. Contaminated water would be pumped to the 
flotation facility process water tank. 

Infiltration of water through the stockpile would be minimized by compacting each layer 
of mine waste using normal earthmoving machinery. 

Monitoring 

Drainage from the mine waste stockpile would be regularly monitored for pH, electrical 
conductivity, Total Soluble Salts and a range of other ions. The monitoring programme 
would be regularly reviewed to determine long-term monitoring requirements. 

An operational monitoring programme, complementing existing monitoring programmes, 
would be implemented to confirm that acidic drainage was not a problem. The 
programme would provide data on the geochemical behaviour of the ore and waste, 
identifying materials requiring special handling or treatment. 

Initially, mine waste would be sampled ahead of the mining face in conjunction with 
grade control sampling. Either the net acid generation test or the net acid-producing 
potential test would be used, both of which were used in the study described in Section 
4.1.2. 

Since reactive sulphides have been identified in some mine waste, tests would be carried 
out to define both the period of exposure before acid is generated and the waste 
geochemistry. This information would be particularly important in confirming in the field 
the predicted behaviour of potentially acid-forming waste types, and thus in refining the 
waste stockpiling operation. 

5.1.3 MINE-PIT DRAINAGE 

Design 

Drainage for the mining of supergene/basement ores would be designed to complement 
existing drainage patterns (Figure 5.1). 
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The existing drainage system involves perimeter drainage channels around the pits to 
collect runoff and direct it away from working faces. The tops of the open pits are graded 
away from the pits to the perimeter drainage system, which discharges directly into 
natural drainage lines via silt traps used for the collection of water from pit sumps. 

Sumps are installed at the base of the mine-pits to collect seepage water for pumping to 
the surface, although no such seepage has occurred in operations up to the present time. 
The sump pumps would have the capacity to handle the estimated inflow of groundwater 
to the pits during deeper mining operations (see Section 4.1.3). Sump water would 
either be used for dust suppression or delivered by above-ground movable pipes into silt 
traps. From the silt traps, the water would either flow by gravity along natural drainage 
lines or be pumped into the lower Water Supply Reservoir on Thirty-Four Mile Brook. 
Should drainage from the pits prove to be acidic, it would be pumped to the process water 
tank at the flotation facility. 

Monitoring 

Ongoing monitoring and observation would enable the preliminary estimates of seepage 
into the pits made during the hydrogeological assessment (Section 4.1.3) to be reviewed. 
The existing groundwater and surface water monitoring programmes would be expanded 
to incorporate the following recommendations made in the hydrogeological assessment: 

monitoring of groundwater around the pit perimeter to determine the existence of 
high heads, which could affect pit wall and floor stability; 

further permeability testing to confirm preliminary findings; 

monitoring for groundwater levels in selected bores established during the 
exploration programme; 

establishment of at least two permanent monitoring bores between the lower Water 
Supply Reservoir and the pit area; 

monitoring and observation of groundwater inflows during the early stages of mining 
to facilitate review of preliminary seepage estimates. 

The results of this testing and monitoring would be regularly reviewed to assess the need 
for possible long-term changes to the monitoring programme. 

Additional data would be incorporated into the existing quarterly reporting mechanism 
required by Environmental Protection Act Licence No. 847. 

5.1.4 NOISE 

As currently practised, the blast design, loading, initiation and firing time would have the 
specific objective of ensuring that blast noise level would, for 95% of blasts, be less than 
115 dB (peak) linear and would never exceed 120 dB linear at the nearest residence, 
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some 6 km from the blast area. This is a requirement of the Mining Contractor's contract 
with WAPL, and a commitment made by WAPL in the April 1987 EMP. 

Noise emanating from mining and pumping equipment would meet appropriate statutory 
requirements to ensure that existing occupational health and safety standards were 
maintained. 

5.1.5 DUST 

Dust from mine-pits and haul roads would be suppressed by the application of water from 
mobile water tankers, as currently practised in accordance with one of the conditions of 
the Environmental Protection Act Licence (No. 847) for the BGM operation. 

5.2 ORE PROCESSING 

5.2.1 FLOTATION REAGENTS 

All reagents to be used in the treatment process would be delivered to, and stored in, the 
existing reagents storage and preparation area or the new flotation facility. Spills and 
leaks would be contained by bunds and then pumped either back into the process, if 
appropriate, or to the Residue Storage Area. Requisite safety equipment and procedures 
would be used in handling all reagents. 

5.2.2 DRAINAGE 

The supergene ore, which has the highest acid-forming potential, would be processed as 
soon as practicable to minimize oxidation. 

To prevent release into natural drainage systems, drainage from ore stockpiles and the 
Supergene/Basement Treatment Plant would be isolated and, where appropriate, directed 
to the flotation facility process water tank and/or the Flotation Residue Storage Area. The 
isolation of drainage from the Supergene/Basement Treatment Plant would also ensure 
that the existing CTh process stream was not contaminated. 

5.2.3 NOISE 

Noise levels generated during operation of the Supergene/Basement Treatment Plant 
would be within the requirements of the Noise Abatement (Neighbourhood Annoyance) 
Regulations of the Environmental Protection Act, 1986 (as amended) and the regulations 
of the Occupational Health, Safety and Welfare  Act, 1988. 

5.2.4 D U S T 

Dust emissions from the Supergene/Basement Treatment Plant would be minimized by the 
use of covered or enclosed conveyors and dust control equipment, such as water sprays, 
at strategic locations. The generation of dust from around the plant would be prevented 
by the regular application of water from water tankers during the dry months. 
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5.3 RESIDUE MANAGEMENT 

5.3.1 FOREST CLEARING 

Clearing operations for the Flotation Residue Storage Area involve timber removal, 
topsoil stripping, and removal of gravel prior to the construction of embankments. The 
topsoil would be stockpiled adjacent to the Flotation Residue Storage Area for eventual 
use in rehabilitation. The embankments would be constructed of material sourced from 
within the Residue Storage Area. 

5.3.2 DESIGN 

The height of the northern embankment would ensure that accidental spills flowed into the 
existing Residue Storage Area, rather than into the natural environment. 

The corridor drainage and containment ponds along the Residue Pipeline Corridor would 
maintain the existing capacity to retain the flow from fifteen minutes of pumping from a 
broken pipeline, plus any material within the pipeline that could gravitate to the ponds. 

5.3.3 SEEPAGE CONTROL 

Seepage control features to be incorporated into the outer (northern and eastern) 
embankments of the Flotation Residue Storage Area include: 

stripping of gravels beneath and upstream of the embankments; 

reworking and compaction of the underlying clays to provide an impervious blanket; 

an upstream interceptor drain; 

a 15 m wide upstream clay blanket; 

a cut-off trench 2-3 m into the clays, the depth depending on site conditions; 

downstream monitor/recovery bores (part of the broader C1L residue monitoring 
network). 

Studies currently in progress are designed to determine if additional seepage control 
measures are required - the results of these studies would be discussed with the Water 
Authority as part of the licensing procedure for the residue management system. 

5.3.4 MONITORING 

The Flotation Residue Storage Area would be monitored using monitor/recovery bores 
installed outside the northern and eastern embankments (refer Figure 3.5). These would 
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be similar in detail to existing Residue Storage Area bores and would enable contaminated 
seepage to be pumped back to the Flotation Residue Storage Area and/or the 
Supergene/Basement Treatment Plant. 

The monitoring would include sampling and testing selected depths of groundwater to 
determine groundwater levels, flow rates and direction, and seasonal fluctuations in water 
level and water quality, as currently practised in the Residue Storage Area groundwater 
monitoring programme. 

5.4 CONSTRUCTION 

Appropriate measures would be taken to ensure that potential impacts resulting from 
construction activities were minimized. Dust would be controlled by application of water 
from sprinklers or water trucks when necessary. Noise levels generated during the 
construction phase would be within the requirements of the Environmental Protection Act, 
1986 (as amended) and the Occupational Health, Safety and Welfare Act, 1988. 

Traffic levels on the approaches to the Plant Site would be less than those for the current 6 
Mt/a construction phase. The accommodation of the construction workforce in the 
existing Construction Camp would reduce potential traffic through the town of 
Boddington and in the general area. Potential social impacts on the township, such as 
provision of housing, would also be minimized in this way. 

5.5 BIOLOGICAL MONITORING 

The terrestrial and aquatic ecosystems would continue to be monitored to assess the 
impact of operations on flora and fauna. Results of the biological monitoring programme 
enable the early development of changes to management and procedures, where 
necessary, to minimize the impact of project activities on the environment. 

5.6 DECOMMISSIONING 

Procedures for decommissioning the Supergene/Basement Treatment Plant and associated 
facilities would be as described in the April 1987 EMP. Under the terms of WAPL's 
existing agreement with the landowners (Bunning Bros Pty Ltd), all buildings, 
foundations, equipment, pipelines and most power lines would be removed from the 
Plant Site, except where structures could be retained for use. The Plant Site area would 
be contoured to achieve stable batters, and deep-ripped to relieve compaction. All areas 
would be rehabilitated in accordance with WAPL's agreement with Bunning Bros Pty Ltd 
and in consultation with CALM and the Water Authority. The long-term objectives of 
rehabilitation would be to stabilize modified landforms, to re-establish the hydrological 
regime in the immediate area, and to restore floral and faunal characteristics of the area, so 
that a self-sustaining vegetative cover could be maintained. 
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Section 6 

SUMMARY OF ENVIRONMENTAL 
COMMITMENTS 

The specific environmental commitments made by WAPL relating to the proposed 
development are summarized as follows: 

Statutory requirements 

adherence to all existing policies, procedures and commitments to environmental 
management, as outlined in the April 1987 EMP and the conditions of the State's 
approval of the 4.5 Mt/a (February 1988) and 6 Mt/a (December 1988) 
enhancements; 

compliance with all relevant Acts and associated regulations pertaining to the 
construction and operation of all components of the proposal; 

compliance with appropriate regulations for underground mining, should 
investigations into the most effective mining method result in the adoption of these 
techniques; 

compliance with all conditions of Water Authority Licence No. 23670, including the 
submission, before November 1989, of a detailed study of the effects of water 
abstraction on the Hotham River, 

Design 

extension of the capacity to pump from recovery bores in the Residue Storage Area 
should seepage from the Flotation Residue Storage Area become a problem; 

design of the northern and extended eastern embankments of the Flotation Residue 
Storage Area in consultation with the Water Authority; 

containment of all waste and spilt materials in the Supergene/Basement Treatment 
Plant within the process area for reuse or disposal as appropriate; 

containment of possible residue and reclaim pipeline leaks/breakages at low points 
along the residue pipeline route. Spilt material would be returned to the Flotation 
Residue Storage Area 
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Forest clearing 

minimization of forest clearing, consistent with safe and efficient operations; 

continuation of forest hygiene measures currently in use in all forest operations; 

Drainage 

management of water quality, drainage and stormwater to prevent runoff, particularly 
from the Mining Area and the mine waste stockpile, from either contaminating or 
physically damaging (eroding) surrounding areas; 

should it become necessary, encapsulation of potentially acid-forming wastes within 
compacted inert wastes, to prevent acidic leachates escaping from the mine waste 
stockpile; 

Noise 

continuation of current practices ensuring that noise levels from blasting, for 95% of 
blasts, are less than 115 dB (peak) linear and never exceed 120 dB linear at the 
nearest residence; 

Dust 

implementation of measures to control dust in the Mining Area, mine waste stockpile 
area and the Supergene/Basement Treatment Plant; 

Plant operations 

use of requisite safety equipment and procedures in the handling and storage of 
hazardous chemicals; 

Monitoring 

the extension and expansion, where required, of existing monitoring programmes 
(detailed in the April 1987 EMP and in the conditions of Licence No. 847 issued 
under the terms of Section 57 of the Environmental Protection Act, 1986 [as 
amended]) to include monitoring programmes outlined in this NOl; 

incorporation of additional data from monitoring programmes into the existing 
quarterly reporting mechanism required by Environmental Protection Act Licence No. 
847; 

Rehabilitation/decommissioning 

compliance with the existing agreement with Bunning Bros Pty Ltd (in consultation 
with CALM and the Water Authority) concerning rehabilitation and decommissioning 
of the project area. 
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GLOSSARY 

Technical terms used in the NO! are defined as follows in the context of their application 
to the BGM Project: 

activator 	 a surface-active substance that enhances the activity of a 
collector 

basement 	 parent rock beneath a weathered profile 

collector 	 a substance that is adsorbed by one of the minerals in an 
ore pulp, causing it to become removable as a 
mineralized froth 

flocculant 	 a substance that assists in the coagulation of ore particles, 
which promotes the formation of flocs as a preliminary to 
settlement and removal of excess water by thickening 
and/or filtration 

frother 	 a substance used to promote the formation of a foam in 
the flotation process 

hydrophobic 	 water repellent repelled by water 

lateritic 	 pertaining to clay formed under tropical climatic 
conditions by weathering of rocks 

net acid generation 	 the acid generated by rapid oxidation of readily available 
sulphides 

net acid-producing potential 	the 'worst case' likelihood of a material to generate acid 
when exposed; calculated from the total sulphur content 
less the acid neutralizing capacity, and expressed in terms 
of CaCO3 equivalents 

promoter 	 a supplementary collector 
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GENERAL ABBREVIATIONS AND ACRONYMS 

BGM Boddington Gold Mine 

CALM Department of Conservation and Land Management 
CIL carbon-in-leach 

EMP Environmental Management Programme 
EPA Environmental Protection Authority 
ERMP Environmental Review and Management Programme 

MRD Main Roads Department 

NOl Notice of In tent 

RL reduced level 
ROM run-of-mine 

WAPL Worsley Alumina Pty Ltd 
Water Authority Water Authority of Western Australia 

TECHNICAL ABBREVIATIONS 

dB decibel m met.r 
m3  cubic metre 

g/t grams per tonne m3/d cubic metres per day 
ML megalitre 

ha hectare MLJa megalitres per annum 
Mt megatonne 

kg/t kilograms per tonne Mt/a megatonnes per annum 
kL/h kilolitres per hour 
km kilometre pH measure of acidity or alkalinity 
kt kilotonne 
kt/a kilotonnes per annum t tonne 
kV kilovolt t/a tonnes per annum 

t/d tonnes per day 
L/s litres per second tJh tonnes per hour 
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APPENDIX A 

NO! GUIDELINES ISSUED BY THE 
ENVIRONMENTAL PROTECTION AUTHORITY 

The NO! should facilitate a review of the key environmental issues by expressing the 
main body of the text in terms understandable to the general public, and placing technical 
detail in appendices. 

SUMMARY 

The NOl should contain a brief summary of: 

the history of the development; 

salient features of the proposal; 

alternative proposals and technologies considered; 

description of the receiving environment and analysis of potential impacts and their 
significance; 

environmental monitoring and management programme, safeguards and 
commitments; 

conclusions. 

Al INTRODUCTION 

The NO1 should include an explanation of the following: 

identification of the proponent and responsible authorities; 

background and objectives of the proposal; 

brief details of the scope and timing of the proposal; 

environmental interaction with other developments (present and future); 
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relevant statutory requirements and approvals; 

brief description of the environmental impact assessment process and the scope, 
purpose and structure of the NO!. 

A2 NEED FOR THE PROPOSAL 

This section presents an opportunity for the proponent to describe in a general way the 
broad costs and benefits of the project to the Company and community. These should be 
described at local and State levels. 

A3 EVALUATION OF ALTERNATIVES 

Although no alternative to the mine site exists, alternatives for the other components of the 
proposal do exist. 

The evaluation of such alternatives is considered to be an important part of the document. 
A description should be given of how the project proposal has developed and the degree 
to which development alternatives have been examined. It should cover: 

various locations for ore stockpiles, treatment and infrastructure facilities 
mining and processing alternatives. 

When alternatives are rejected the environmental, engineering or economic factor which 
led to their rejection should be clearly identified. 

The aim of this section is to lead the reader through the thought processes which led to the 
desired proposal, and to outline the factors which control its present form. 

A4 THE PROPOSAL 

The document should provide descriptions of the chosen elements of the development. It 
should cover the various phases from construction through to decommissioning, as well 
as covering operational aspects such as mining methods, forest clearing, waste disposal 
and treatment. Auxiliary services such as power and water supply should also be 
described. 

Mention should also be made of the necessity for changes to the original Ministerial 
conditions regarding backfilling of mine pits. 
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AS EXISTING ENVIRONMENT 

This section should provide a very brief overall description of the environment and an 
appraisal of the physical and ecological systems likely to be affected by all aspects of the 
proposal, but should concentrate on the significant aspects of the environment. 

A6 ENVIRONMENTAL IMPACTS 

The proposal will impact on some aspects of the environment and it is necessary to 
synthesize these impacts and thus predict the outcome of these impacts. This is necessary 
for two reasons: 

to demonstrate to the reader of the document that the proposal is environmentally 
acceptable; 

to show that the various management, ameliorative and monitoring programmes can 
be devised. 

This part of the document should show the overall effect on the total ecological and social 
systems of the area. It will be necessary to address the impacts of individual 
environmental component before a final overall view. In all cases where an assessment is 
made, the criteria employed to assess the impact must be stated. Wherever possible, 
effects should be quantified and uncertainties highlighted. The synthesis should also 
include an assessment of the timing of the various impacts identified: 

it may be useful to examine mine site impacts separately from plant upgrade impacts; 

construction impacts separately from operational and decommissioning impacts; 

some of the infrastructure elements (such as the power supply) will have little or no 
ongoing interaction with the environment once they are established. 

A brief and general land capability analysis of the affected land after mining for the range 
of uses considered should be provided. 

A7 ENVIRONMENTAL MANAGEMENT 

An environmental management programme should be described on the basis of the 
synthesis of environmental impacts previously outlined. The objectives and scope of the 
programme, with as much detail as possible should be described. 

The responsibility for environmental management should be assigned and commitments 
made. 

Emphasis should be given as to how the existing environmental management programme 
will be adapted to accommodate the proposed development. 

MJ 



AS MONITORING 

The systems for the treatment and control of air, noise and water pollution will require 
monitoring to ensure that they are operating efficiently and the receiving environment will 
require monitoring to ensure that environmental impacts are constrained to an acceptable 
level. 

The specification of a monitoring programme should be given and responsibility for the 
operation of that system should be assigned. Emphasis should be placed on how the 
environmental management programme and plant operations will be adapted where 
necessary in the light of monitoring or auditing results. 

Procedures should be outlined for reporting the results of the monitoring of environmental 
impacts to the appropriate authorities. 

A9 COMMITMENTS 

A list of commitments made by the proponent in the NOl should be given. 

AlO CONCLUSION 

Conclusions of the overall impact of the proposal (including the role of ameliorative 
measures) should be stated together with an assessment of the environmental acceptability 
of the project. 

All REFERENCE (BIBLIOGRAPHY/ABBREVIATIONS) 

All.! GLOSSARY 

Provide definitions of technical terms used. Also define and explain units of 
measurement which may not normally be understood by the interested layman. 

A11.2 GUIDELINES 

Guidelines which have been approved by the EPA should be reproduced in the document. 

Al1.3 APPENDICES 

These may be produced as separate volumes or incorporated in the back of the document. 
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