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HEDGES GOLD PROJECT 
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRA4E 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal. 

This Environmental Review and Management Progranne (ERMP) for proposed development of a gold mining 
operation near Boddington has been prepared by Alcoa of Australia Limited in accordance with Western 
Australian Government procedures. The report will be available for coment for 8 weeks, beginning on 
October 10, 1987 and finishing on December 4, 1987. 

Coments from Government agencies and from the public will assist the EPA to prepare an Assessment 
Report in which it will make a reconrendation to Government. 

The ERMP provides a detailed analysis of issues relevant to the development and management of the 
Hedges Gold Project. 

WHY WRITE A SUBMISSION ? 

A submission is a way to provide information, express your opinion and put forward your suggested 
course of action including any alternative approach. It is useful if you indicate any suggestions you 
have to improve the proposal. 

All submissions received will be acknowledged. 

DEVELOPING A SUBMISSION 

You may agree or disagree, or coment on, the general issues discussed in the ERMP or with specific 
proposals. It helps if you give reasons for your conclusions, supported by relevant data. 

You may make an important contribution by suggest ways to make the proposal environmentally more 
acceptable. 

When making conmients on specific proposals in the ERMP 

clearly state your point of view; 

indicate the source of your information or argument if this is applicable; and 

suggest reconinendations, safeguards or alternatives. 

POINTS TO KEEP IN MIND 

By keeping the following points in mind, you will make it easier for your submission to be analysed. 

Attempt to list points so that the issues raised are clear. A summary of your submission is helpful. 

Refer each point to the appropriate section, chapter or reconniiendation in the ERMP. 

If you discuss different sections of the ERMP, keep them distinct and separate, so there is no 
confusion as to which section you are considering. 

Attach any factual information you wish to provide and give details of the source. Make sure your 
information is accurate. 

Please indicate whether your submission can be quoted, in part or in fully, by the EPA in its 
Assessment Report. 

REMEMBER TO INCLUDE 

YOUR NAME 

ADDRESS 

DATE 

THE CLOSING DATE FOR SUBMISSION IS : December 4, 1987. 

SUBMISSIONS SHOULD BE ADDRESSED TO: 

The Chairman, 
Environmental Protection Authority 

I Mount Street 
PERTH WA 6000 

Attention: Mr. D. Koontz 
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1. GENERAL PROJECT SUMMARY 

Alcoa of Australia Limited has mined bauxite in the western Darling 

Range since 1963. Currently, the Company mines and rehabilitates 

approximately 350 ha of State Forest per year. Over the last 15 years 

Alcoa, in conjunction with State Government bodies, has developed an 

extensive environmental management programme and considerable 

environmental expertise. The Company's objective has always been to 

minimise any negative and maximise any positive environmental effects of 

its operations. 

Company geologists have located and mapped a gold deposit in Hedges 

forest block, near the eastern boundary of Alcoa's Mineral Lease. It is 

located 100 km south-east of Perth, 12 km north-west of Boddington, 

immediately west of and adjoining the Boddington Gold Mine (BGM). 

The gold deposit is approximately 1500 m by 500 m, and contains about 8 

million tonnes of ore at 2.11 g/t in situ, with a cut-off grade of 1.0 

g/t. The Company propose to mine and process this ore at a rate of 2 

million tonnes per annum. This will result in a project life of 4-5 

years. For comparison, the adjacent Boddington Gold mine project's ERI1P 

stated that it would mine 45 million tonnes over a 15 year period. 

Gold mineralisation occurs within both the laterite and underlying 

lateritic clays. The orebody will be mined by selective bench mining. 

Rear dump trucks will haul the ore to the processing facilities. A 

waste stockpile will be located on the western side of the orebody. Low 

grade ore contained within waste will be stockpiled separately and may 

be processed at the end of the mine life. When mining is completed, the 

pit will consist of a number of benches and pits. The maximum pit depth 

is expected to be about 35 m, although this estimate could change when 

further drilling is completed. The area of the pit and waste/marginal 

ore stockpiles will be approximately 130 ha. 

The preferred development aims to minimise impacts on State Forest by 

locating the processing plant, tailings dam and water supply reservoir 
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on Worsley Timber Co. private land, about 6.5 km to the south of the 

minesite. Processing facilities will consist of an ore stockpile, 

crushing system and Carbon-in-Leach treatment plant of 2 million tpa 

capacity. Tailings will be stored in an impoundment created by damming 

the small valley downstream from the plant. The water supply reservoir 

will be constructed in an adjacent valley on the same property. Water 

will be pumped from a pumping station on the Hotham River to the water 

supply reservoir. 

The project will result in the employment of 95 construction and 80 full 

time personnel. Significant economic benefits will result from the 

project, with a construction investment of approximately $50 million, 

and more than $20 million being injected annually into the Australian 

economy for the purchase of goods and service. 

Environmental Impact and Management Programmes 

The Hedges Gold Project is situated in Hedges forest block, on the 

eastern margin of the northern jarrah forest. This area does not have 

high timber and recreation potential, and access is restricted by the 

dieback Disease Risk Area regulations established in the Department of 

Conservation and Land Management's (CALM's) Dieback Policy of 1982. The 

area is within the Murray River Water Reserve, but clearing within the 

Hotham River has resulted in salinisation and greatly reduced the 

systems potential as a fresh water source. The minesite drains into 34 

Mile Brook, which has already been dammed for the Boddington Gold Mine 

project. This reservoir is considered by the Water Authority to have 

potential as a future potable water source. 

Approximately 150 ha of State Forest will be cleared for the minesite, 

stockpiles and haul road. The total project area (including private 

land) cleared will be about 320 ha. 

Extensive environmental studies have been completed, and others are 

proceeding. Much of the background studies and experience gained 



through the Boddington Gold Mine project are directly relevant to the 

Hedges Project. Baseline biological and hydrological studies have been 

undertaken by Alcoa in the State Forest and private land areas of the 

project. Analysis of all these studies has enabled an assessment to be 

made of the likely project environmental impacts. 

The project will not remove any revegetation communities which are not 

well represented in conservation reserves and State Forest. Some 

uncommon species occur in the area, but most of these have been recorded 

in conservation reserves and none are officially gazetted as rare. 

Faunal studies have led to the conclusion that no areas likely to be 

affected represent vital remnant habitats for any fauna species. 

Information collected in the course of biological studies has already 

proved useful in re-assessing the distribution of floral and faunal 

species, and it may be possible to actually increase numbers of uncommon 

plant species through specific revegetation programmes. 

Impacts on timber and recreation values will be negligible, because of 

the small area affected, and the fact that existing and potential 

recreation values of the area are not high. 

Studies on the likely effects of the project on water resources have 

demonstrated that, with appropriate hydrological management techniques, 

impacts on regional water resources will be negligible. Mine pit and 

haul road drainage design will control the release of turbid water. 

Short term release of salt will not be large, considering that 

relatively saline water from the Hotham River is being pumped into the 

34 Mile Brook reservoir as part of the Boddington Gold Mine project. In 

the longer term, revegetation of the mine pit and haul road will 

minimise any salt release from these areas. 

A comprehensive tailings management programme will be developed to 

ensure minimal risk of tailings being released to the broader 

environment. This programme will include 

- 	an underdrainage system in the tailings reservoir to reduce 

hydrostatic pressures; 
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- 	establishment of a comprehensive monitoring bore network, and 

the capacity to establish recovery bores if necessary; 

- 	locating tailings in the headwaters of a small catchment, 

resulting in very little inflow. 

As well as these and other design criteria, the low concentration and 

relatively high decay rates of pollutants make their escape from the 

tailings area extremely unlikely. In the longer term, the tailings 

impoundment will be revegetated and drainage will be designed to 

minimise pollutant release. 

It is anticipated that most of the project workforce will live in the 

Shires of Boddington, Murray and Mandurah. Since the numbers of 

Boddington Gold Mine employees living in Boddington are lower than 

predicted in the Worsley Alumina Joint Venturers (WAJV) ERNP, the social 

impacts of the Hedges Gold Project on Boddington will be small, and will 

be more than offset by the substantial local economic benefits gained 

through purchase of materials and services, and the provision of 

employment. 

After completion of the Hedges Gold Project, the minesite, stockpiles 

and haul road will be rehabilitated according to prescriptions jointly 

developed by Alcoa and CALM. Decommissioning of the plant, water 

pipeline and any other infrastructure will take place unless the 

facilities can serve a useful ongoing purpose. 

A comprehensive environmental monitoring programme will be established 

at all stages of the project, and after rehabilitation and 

decommissioning. Remedial action will be taken if the rehabilitation 

and tailings management programmes do not achieve a standard acceptable 

to State Government authorities. 

As well as this comprehensive management programme, Alcoa will conform 

to all environmental protection and safety legislative requirements 

relevant to the Hedges Project. The Company's extensive experience in 

mining and rehabilitation, dieback management, industrial hygiene, dust 



and noise control, residue management, hydrology and general project 

management will be invaluable in minimising the environmental impacts of 

the Hedges Project. 



2. 	INTRODUCTION 

2.1 Background 

The first indication of mineralisation in the metavolcanic rocks of the 

Saddleback greenstone belt came from the results of reconnaissance 

geochemical sampling carried out in 1978 by the Geological Survey of 

Western Australia (Davy, 1979). This work defined two areas in the Mt. 

Wells region of Alcoa's Mineral Lease that were regarded as having 

potential for base metal and gold mineralisation. The main area of 

interest was shown as being in the Hedges forest block and in adjacent 

private land owned by Bunning Brothers (Fig. 1). 

Initial geochemical sampling by Alcoa, done as a follow-up to the 

Geological Survey of W.A. work, gave encouraging results and the Company 

began systematic exploration of the Saddleback greenstone belt in 1982, 

when a detailed airborne geophysical survey was carried out. During the 

sunmiers of 1983 and 1984, laterite mapping and detailed geochemical soil 

sampling in Wells and Hedges blocks resulted in the discovery of a 

strong gold anomaly in the north-east corner of Hedges block. The in 

situ reserve of lateritic gold ore was then defined by vacuum drilling 

during the summer of 1985 and 1986. 

A preliminary feasibility study of the Hedges Gold Project was completed 

in 1986 and further feasibility studies were done during the first half 

of 1987. On the basis of these studies, Alcoa proposes to mine the 

Hedges gold deposit and anticipates that commissioning of the Hedges 

Gold Mine could begin in October 1988. 

Environmental studies were initiated early in 1987 and have been 

operating concurrently with the geological and engineering feasibility 

studies. The inclusion of environmental considerations in to the 

engineering studies has been facilitated by specific ecological studies 

(flora, fauna, forest disease management and hydrology) which have 

either been completed or have been established for ongoing monitoring. 

These studies, together with the engineering studies and other impact 

assessment procedures, form the basis of the environmental impact 

assessment documented in this report. 
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2.2 The Project 

It is proposed to mine and process up to 2 million tonnes/year of 

lateritic gold ore from the Hedges deposit, which is located in State 

Forest 4 km south of Mt. Wells and 12 km north west of the town of 

Boddington. The life of the mining operation will be at least 4 years. 

As the deposit occurs on one side of a ridge, the mine will be developed 

as a series of benches, from which deeper pockets of ore will be 

selectively mined. 

The Carbon-in-Leach processing plant, water storage dam and tailings dam 

will be located on private land owned by Worsley Timber Company. Ore 

will be hauled from the mine to the processing plant, using a 6.75 km 

haul road of which 5.75 km will need to be constructed in State Forest. 

The tailings dam will be located in a valley in the forested NE corner 

of the private property, and the plant site will be wholly within the 

tailings dams immediate catchment. The water supply dam will be located 

on Long Gully Creek (approximately 3 km south of the plant site) in a 

partially cleared area which is currently farmed. 

The water needed for gold processing will be pumped into the water 

supply dam from the Hotham River during the winter months when 

significant flows occur. A small amount of additional water will be 

collected from the local catchment. The Hotham River pumping station 

and the pipeline will be located on Worsley Timber Company land. 

Power will be provided by the State Energy Commission of W.A. (SECWA) 

from the sub-station at the Boddington Gold Mine by means of a 22 kV 

transmission line to the Alcoa processing plant. 

Access to the Hedges Gold Mine will be gained from the Pinjarra-Williams 

road at the point where it is crossed by the 132 kV Muja-Northern 

Terminal power line. An access road 5 km long will be constructed on 

the eastern side of the cleared SECWA easement, and will be located 

entirely within land owned by Worsley Timber Company. 



An estimated 95 people will be employed during the construction phase, 

and 80 people during the operating phase; 54 of the operating people 

will be Company employees and 26 will be mining contractors. It is 

anticipated that employees will reside in the Boddington, Dwellingup, 

Pinjarra and Mandurah areas. 

2.3 The Proponent 

Alcoa of Australia Limited is a major fully-integrated aluminium 

producer with a 49% Australian ownership. The Company will be the sole 

owner and operator of the Hedges Gold Mine, through a wholly owned 

subsidiary. Alcoa operates four bauxite mines and three alumina 

refineries in the south-west of Western Australia. The Company has 

considerable expertise in the environmental management and 

rehabilitation of State Forest areas after completion of mining, and in 

other environmental requirements of mineral processing plants. 

The ownership of Alcoa of Australia Limited is: 

Aluminum Company of America 

Western Mining Corporation Holdings Limited 

C.T.B. Nominees Limited 

The Colonial Mutual Life Assurance Society Limited 

The National Mutual Life Association of 
Australasia Limited 

T and G Mutual Life Society Limited 

Haematite Proprietary Limited 

Reserve Bank of Australia 

51.0 

42.507 

3.723 

1.125 

0.65 

0.625 

0.25 

0.12 

2.4 Statutory and Legislative Provisions 

The Hedges orebody is wholly located within the Alcoa Lease which was 

granted under the provisions of the Alumina Refinery Agreement Act 

(1961) 



It is proposed to excise the Hedges orebody from Alcoa's current Lease 

and to establish a separate Mining Lease under the provisions of the 

Mining Act (1978-1981 as amended). This Lease will confer on Alcoa all 

the rights and obligations of any operator under the Mining Act. 

The Environmental Protection Act (1986) requires that the Environmental 

Protection Authority (EPA) be notified of projects which may have an 

impact on the environment, and may require public environmental 

assessment. Alcoa submitted a Notice of Intent to the Minister for 

Minerals and Energy in September, 1987. On the basis of this Notice of 

Intent, the EPA requested that Alcoa prepare an Environmental Review and 

Management Programme (ERMP) to permit public review of the Hedges Gold 

Project. The guidelines given by the EPA for the preparation of this 

ERMP are contained in Appendix 1. 

Mining in the eastern region of Alcoa's Lease: 

One of the commitments undertaken by Alcoa in the Wagerup Alumina 

Project ERMP (1978) was that bauxite mining would not take place in the 

lower rainfall portion of Alcoa's lease until research showed that 

mining operations would not significantly increase the salinity of water 

resources. In general terms it is considered that the commitment under 

the Wagerup ERMP does not apply to the proposed development because of 

the following considerations: 

(i) 	The Hedges orebody will be excised from Alcoa's present mining 

Lease and thus the legislative provisions of the Alumina 

Refinery (Wagerup) Agreement Act of 1978, which define Alcoa's 

obligations under the Wagerup ERMP, will not apply to the 

Hedges project. 

The concerns which led to the commitment not to mine in the 

lower rainfall area will be addressed within this 

environmental review. The salinity impacts of the proposed 

development are assessed in detail in Sections 5.6, 6.5 and 

7.3. There will be no impacts on existing metropolitan 

catchments, since the whole project area drains into the 

Hotham/Murray River system. The salinity of that system is 

already high due to extensive agricultural clearing. 
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(iii) 	The minesite and haul road drain into 34 Mile Brook, which has 

been dammed for the BGM project. Short term salinity impacts 

on that reservoir will be negligible since only a small area 

is being cleared and relatively saline water from the Hotham 

River is being pumped in for BGM process water requirements. 

In the long term, revegetation will minimise salinity impacts 

on the quality of water entering the reservoir. 
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3. ECONOMIC BENEFITS 

The Hedges Gold Project is a major development project for the upper 

Great Southern region of Western Australia with significant economic 

benefits, including: 

- the employment and value added impacts of the construction 

programme; 

- 	the continuing employment and value added impacts of the operation 

of the mine, extraction plant and associated facilities; 

- 	a significant contribution to the National balance of payments. 

The mine processing and support facilities will be constructed over 

approximately 12 months and will involve a total investment of 

approximately $50 million. Over the past 25 years, Alcoa has had 

substantial construction experience in the south-west of Western 

Australia and, based on this experience, it is expected that almost 90% 

of the construction expenditure will be sourced in W.A.. In addition to 

this direct Alcoa expenditure, the mining contractor will require mobile 

equipment valued at around $10 million. The construction workforce is 

expected to average 95 and range from 60 to about 120. 

During the operating phase, it is expected that more than $20.million 

will be injected annually into the Australian economy for the purchase 

of goods and services. Most of this expenditure will occur in Western 

Australia. 

Direct employment in the Hedges mining and processing operation will be 

approximately SO. In addition, there will be substantial indirect 

employment both locally in the Shires of Boddington, Murray and Mandurah 

and generally throughout Western Australia. Economic impact studies 

carried out in the past indicate about a 4-1 employment multiplier 

effect for bauxite mining and alumina refining industries in Western 
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Australia. As there are many parallels with this gold project it should 

therefore have an employment impact of more than 300 people throughout 

Western Australia, during the life of the project. 

This project will provide a further boost to the population and economic 

activity of the towns and Shires in the region which have seen growth 

and prosperity in the past decade as a consequence of the adjacent 

bauxite and other gold extraction activities. The introduction of this 

project to the region is consistent with the W.A. State Government's 

encouragement of decentralised industrial development. 

Significant benefits to the Australian nation as a whole will also 

result from this project. For instance, at today's prices the gold will 

have an annual value of $72 million. This will contribute directly to 

Australia's balance of payments. 

Over the past 25 years Alcoa of Australia Limited has made a major long 

term business conuttitment to the development of Western Australia's 

natural resources through its bauxite mining, alumina refining and 

associated operations. The economic contributions to the State and to 

the Nation have been very significant. The development of the Hedges 

gold mining project is seen by Alcoa as a commercially attractive 

opportunity to undertake further natural resource development in Western 

Australia. In so doing it can capitalise on the considerable technical, 

commercial, environmental and business management skills of its existing 

bauxite operations which are in relatively close proximity to the Hedges 

gold operation. 
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4. EVALUATION OF ALTERNATIVES 

The feasibility studies carried out by Alcoa considered three 

alternatives for the development of the project. These alternatives 

have received detailed evaluation on both economic and environmental 

grounds. The factors which were considered for each alternative are 

summarised below, and the reasons for selecting the preferred option 

outlined. 

Option 1 Processing Facilities in State Forest. 

The first option considered for processing ore is to locate all 

facilities in State Forest (Fig. 2). This is the lowest capital and 

operating cost option, because the haul distance for ore is least. The 

plant would be situated about 1 km from the mine. Processing facilities 

would consist of an ore stockpile, crushing system and Carbon-in-Leach 

treatment plant. Tailings from the plant would be stored in an 

impoundment located on an adjacent tributary valley of 34 Mile Brook. 

The water supply system would be sited on another tributary valley of 34 

Mile Brook. Water would be pumped from a pumping station on the Hotham 

river to the water supply reservoir. Initial estimates indicate a 

requirement of 2000 Ml per year. Electricity would come from the SECWA 

grid, as shown on Figure 2. A separate connection would be required for 

the pumping station on the Hotham River. Access to the site would 

probably be from the Boddington Gold Mine (BGM) access road. 

Option 1 would necessitate clearing 340 ha of State Forest. 

Option 2 	Joint Development with the BGM Facilities. 

This option involves the construction of a separate plant and eventually 

an extra tailings impoundment on private Worsley Alumina Joint Venturers 

(WAJV) land, and the use of an expanded BGM water supply reservoir (Fig. 

3) . 

The processing plant would be constructed near the BGM plant. However, 

the BGM plant will be working at capacity and only limited sharing of 
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facilities (eg. reagent mixing and laboratory facilities) would be 

possible. The scale of the processing plant, residue and water 

requirements would be similar to Option 1. 

This option would necessitate the eventual construction of a second 

tailings dam on WAJV land, as the capacity of the existing dam would be 

filled at a faster rate by the combined projects. The water storage 

reservoir would need to be raised to provide the additional water 

requirements. This would result in the clearing of a further 40 ha of 

State Forest. 

The total area of State Forest cleared would be 170 ha. 

A variety of options for sharing of the BGM infrastructure have been 

discussed with the managers of the BGM project. However, none of these 

discussions have lead to a commercially acceptable agreement. 

Option 3 	Private Land Development. 

This option aims to minimise impacts on State Forest by siting plant, 

tailings and the water supply reservoir on private land (Fig. 4). This 

option has been briefly described in Section 2, and is discussed in 

detail in Section 5. Impacts on State Forest are reduced to the mine, 

the waste/marginal ore stockpiles and the haul road. 	Construction of 

the haul road would increase costs over Option 1 by $900,000. Haul road 

rehabilitation costs are an extra $300,000. Annual operating costs 

increase by $lm, and compensation is payable to the land owner. 

The total area of State Forest cleared under Option 3 would be 150 ha. 

The amount of State Forest cleared under all three options is summarised 

in Table 1. The private land option, although more expensive, has 

several significant environmental advantages. It involves clearing the 

least amount of State Forest, and less than half that required for the 

State Forest option. 	By contrast, both options 1 and 2 would require 

the construction of a second tailings impoundment upstream of the BGM 

water supply reservoir, which is considered by the Water Authority to 

have potential as a long term fresh water source. The joint development 

option would also require construction of a second plant site upstream 

of the BGM water reservoir. 
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TABLE 1 : 	Impacts of all options on State Forest 

Impacts 	 Area (ha) 

Existing BGM impacts 

- 	Power line 	 19 

- 	Water supply 	 52 

- Mining 	 25 

Future BGM impacts 

- 	Expansion of water supply 	 40 

capacity 

Total likely BGM impacts 	 136 

Total Hedges options impacts 

- 	Option 1 (State Forest) 	 340 
* 

- 	Option 2 (BGM land) 	 170 

- 	Option 3 (private land) 	 150 

* 	includes 40 ha for necessary additional water storage 
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Approximately 35 additional full time employees would be required for 

this option, compared with 80 employees for both the State Forest and 

private land options. In the State Forest option, both water and 

tailings dams would occupy stream zone vegetation, which is considered 

to have higher conservation value than upland forest. The joint 

development option's requirement of an extra 40 ha of State Forest for 

water storage would also impact on stream zone vegetation and fauna 

communities. The catchment of the tailings impoundment on the private 

land option is very limited, and winter storm runoff could be readily 

stored and would not need to be diverted. 

All of these advantages should simplify the processes of environmental 

planning and management of the private land option. Also, as mentioned 

previously extensive discussions between Alcoa and WAJV have not led to 

a commercially acceptable agreement on joint development. Therefore, 

despite the increased costs, the Company has selected the private land 

option as the preferred alternative. 

The scale (2 Mtpa) and timing (4-5 years) of the project are considered 

appropriate considering the size of the gold deposit. These figures 

were chosen after extensive consideration of economics of scale, 

predicted gold prices and the magnitude of environmental impacts. The 

relatively small size of the deposit does not warrant larger facilities, 

while smaller facilities would lengthen the project life, thereby 

lengthening environmental impacts and increasing vulnerability to 

fluctuations in the price of gold. 

The 'No-Project' Alternative 

A decision not to go ahead with the development of the Hedges Gold Mine 

would mean that substantial economic benefits, described in Section 3, 

would be foregone. The economic benefits arising from the expenditure 

of $50 million on project development and annual expenditure of over $20 

million would be lost. Also, about 95 construction jobs and 80 

operations jobs, together with the multiplier effect of the latter, 

would not eventuate. 
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The towns of Boddington and Dwellingup would not experience the 

additional economic and social developments which the Hedges Gold Mine 

would bring. These benefits are discussed in more detail in Section 

7.12. 
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5. DETAILED PROJECT DESCRIPTION 

5.1 Location 

The Hedges Gold Project minesite is situated in State Forest 

approximately 12 km north-west of Boddington township (Fig. 1). It is 

proposed to connect the minesite, via a 6.75 km haul road, to the gold 

processing facilities which would be situated on private land south of 

the minesite (Fig. 4). The private land is owned by Worsley Timber Co., 

and Alcoa is negotiating an agreement which will permit use of the land 

for processing and associated activities for a period of up to 15 years. 

Access to the plant site will be via a sealed road from the 

Dwellingup/Boddington road (Fig. 4), with minesite access along the haul 

road. Conflicting road use requirements are not anticipated because the 

new roads will only be used for company purposes, and existing State 

Forest tracks are subject to Forest Hygiene Regulations and therefore 

closed to the public. 

5.2 Geology 

The Hedges gold deposit is located in the northern part of the Archaean 

Saddleback greenstone belt, which consists of a sequence of near 

vertical, interbedded metavolcanics and metasediments intruded by 

numerous younger dolerite dykes. The volcanic rocks vary in composition 

from basaltic to dacitic, the sedimentary rocks are schistose in 

texture, and the whole sequence is metamorphosed to lower greenschist 

facies. The greenstone belt is surrounded by granitic and gneissic 

rocks characteristic of the South-western Province of the Yilgarn Block. 

The area has a laterite profile, with up to 2 in of residual and/or 

transported soil and gravel, usually overlying 4-5 m of indurated 

laterite "hardcap" and friable laterite which are commonly bauxitic. 

Underlying these lateritic horizons are 10-100 m of multi-coloured 

clays, grading into saprolite overlying basement rock. The weathering 

profile in the area is, on average, about 35 m thick. Low grade gold 

mineralisation occurs in both the weathering profile and, to an extent 

yet to be fully explored, the basement rock. 
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These deep lateritic soil profiles overlying the greenstone belt tend to 

be better drained and hence have lower salt storages than typical 

granite-derived laterite profiles in similar rainfall areas of the 

Darling Range. 

Gold mineralisation occurs in all three zones (laterite, clay and 

saprolite) of the weathering profile. The gold is very fine-grained, 

being generally less than 5 kim. Its distribution, together with relict 

textures observable in the weathering profile, indicates that the 

mineralisation has resulted from in situ weathering of mineralised 

basement rocks, followed by remobilisation and concentration of gold in 

certain parts of the weathering profile. 

5.3 The Mining Operation 

Ore Body 

The Hedges gold orebody occurs over a strike length of approximately 

1.5 km and covers an area of 100 ha. The orebody lies mainly on the 

western side of a steep-inclined ridge. 

Gold mineralization commonly occurs in three shallow, flat-lying zones 

starting with level 1 (up to 10 m deep) at the top of the profile, 

followed by level 2 (up to 25 m deep), and finally level 3 (potentially 

up to 80 m deep, but still above basement rock). The zones vary in 

width but are expected to be reasonably continuous along strike. 

Ore/waste boundaries will not be identifiable visually and will 

therefore be defined by grade cut-of fs. 

The orebody is composed of the following materials 

- 	Soils and gravels: These materials overlie a large percentage of 

the orebody and are mineralized in some areas. 

- 	Caprock: The hardcap is mineralized in some areas, and will 

require drilling and blasting. 

- 	Friable Laterite: In some areas, a thin layer of friable laterite 

occurs immediately below the caprock. Some of this material is 

mineralized. 
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- 	Clays: The clays are derived from the parent rock and include 

kaolin and completely-decomposed rock in which relict structures 

have been preserved. Most of the gold mineralization lies in the 

clays. 

- 	Saprolite: This material occurs at the base of the weathered 

profile, and consists of a mixture of clay and partially-decomposed 

rock. This zone is expected to contain only a small percentage of 

the ore reserve. 

- 	Dolerite: The ore zones in some areas are intersected by dolerite 

dykes, some of which may require drilling and blasting. 

Ore Body Definition 

The mineralized area and the in situ reserve of lateritic gold ore have 

been defined by previous geological exploration, based on a 50 m X 50 m 

drilling grid. 

To complete the definition of the orebody, and to provide data for 

detailed mine planning, drilling on a 25 m X 25 m grid using reverse 

circulation drill rigs will be carried out. This drilling programme 

will be subject to standard environmental evaluation procedures by CALM. 

Allocation of Works 

The mining operation will be undertaken by a mining contractor, 

appointed by Alcoa. Other sub-contractors will be engaged by Alcoa to 

carry out other minor works. 

Alcoa will be responsible for the performance of these sub-contractors, 

and for the mining contractor. The works to be carried out by the 

different parties are as follows: 

Alcoa: 

- 	geological development drilling 

- 	mine planning 

- 	haul road design 

- 	grade control 
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Other sub-contractors: 

- 	clearing 

- 	topsoil and overburden removal 

- 	construction of drainage structures 

- 	rehabilitation of mined out areas 

- 	haul road (from crusher ramp to orebody) 

Mining Contractor: 

- 	construction of orebody haul roads 

- 	maintenance of all haul roads 

- 	drilling and blasting of all lateritic caprock 

- 	loading and hauling of ore from the orebody to the crusher - 

ramp, or onto the Run-Of-Mine (ROM) stockpile 

- 	loading and hauling of waste from the orebody to the waste 

stockpile 

- 	loading and hauling of low grade ore from the orebody to the low 

grade ore stockpile 

- 	maintenance of all environmental structures (cut-off drains, silt 

traps) 

- 	operation of pumps and pipelines for dewatering mine areas 

- 	haul road dust suppression 

Mine Planning 

Alcoa will advise the State annually of life of mine plans for the 

orebody area. The method of advising the State will be determined in 

consultation with the State. During the life of the mine, the plans 

will be updated regularly, as further information becomes available. 

Detailed mine planning will be based on results from the 25 m grid 

reverse circulation drilling program. Preliminary mine planning and ore 

reserve estimation has been based on the results from the 50 m drilling 

grid. A conceptual pit outline determined from the 50 m drilling is 

shown in Figure 5. 

Planning for the mining of mineralized basement rock has not been 

considered to date. If, after further exploration of the basement rock, 

it is decided to proceed with deep mining, detailed plans will be 

submitted to the State for approval. 
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The planned mining operation will occur over a 4-5 year period, with 

8 Mt of ore and 5 Mt of waste and low grade ore being mined. 

In mine planning, the following parameters will be taken into 

consideration: 

- 	Clearing of the orebody (for the first two years of operation). 

This will be kept to a minimum consistent with maintaining high 

safety standards. 

- Mine batters will be determined by further geotechnical 

investigations. It is envisaged that the mine batters will be 

between 500  and 700. 

- 	Haul road and access road design will be to the same standard as 

used in Alcoa's bauxite mining operations. 

- 	Suitable drainage systems will be designed to accommodate any 

run-off from the orebody area (see section on Drainage). 

Mine Development 

A forest clearing plan will be developed in consultation with CALM. The 

clearing will be managed to minimise the extent of clearing in State 

Forest whilst making allowance for drainage, batter and stockpile 

requirements. The clearing operation will commence once project 

approval is given. Clearing operations will be in accordance with 

procedures used by Alcoa in its bauxite mining operation, established in 

conjunction with CALM. Merchantable timber will be salvaged in 

consultation with CALM prior to clearing. Standard compensation for 

loss of economic timber values, appropriate to the Hedges forest block, 

will be paid to the State. 

Clearing of the remainder of the orebody will take place towards the end 

of the second year of operation. 

Topsoil and overburden will be stripped separately, and stockpiled in an 

area adjacent to the orebody, for future use during rehabilitation. 
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Any gold bearing topsoil and overburden will be mined and processed, 

however sufficient topsoil will be made available for rehabilitation 

purposes. Topsoil stockpiles will be constructed within the physical 

constraints of equipment and other practical considerations to optimize 

surface area-to-volume ratios and thus facilitate retention of the 

biological values of the material. 

Mining Operation 

After stripping has been completed, the mining contractor will drill and 

blast the caprock material. Blasting will be conducted in accordance 

with standard procedures established at Alcoa's bauxite mining 

operations, and designed to minimise the impact of blasting on the 

nearest residence, 6 km away. 

Mining operations will generally take place on benches, with small pits 

being developed in some of the deeper mineralized areas. The final 

depth of the deeper pits will not be known until 25 m grid drilling is 

completed. The total depth of excavation will not exceed 10 m for 50% 

of the orebody area. It is anticipated that the majority of ore will 

occur reasonably continuously along strike, in zones of varying width. 

The mining operations will commence with development of the upper areas 

of the orebody. The mining method will employ selective bench mining. 

Ore and waste will be excavated separately by hydraulic excavators and 

rear dump trucks on each bench. Waste (1.5 Mm3) and low grade ore (1.9 

Mm 3  at 0.5-1.0 g/t) will be hauled to separate stockpiles located 

against a steep ridge adjacent to the orebody (Fig. 5). At the end of 

the mine life, the low grade ore will be processed if the prevailing 

gold price justifies it. 

The surface stockpiles will be provided with batters and benches to 

minimise dust and erosion by stormwater run-off. The stockpiling method 

will be in accordance with the Mines Regulation Act Regulations 1976 (as 

amended). 
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Ore will be hauled by rear dump trucks to the crushing facility and 

treatment plant, (Fig. 4). 

Mined ore that cannot be dumped into the crusher hopper will be 

stockpiled on an adjacent run-of-mine stockpile area. Feed to the 

crushing circuit will be either by direct dumping into the crusher 

hopper, or by rehandle from the ROM stockpile. 

,,_..1 n_.___ 

Two haul road alignments were investigated (Fig. 4). The first 

alignment is located higher in the landscape. The second alignment, 

recommended by CALM, is low in the profile and where possible runs along 

the boundaries of dieback infected forest. The second profile places a 

minimal area of dieback free forest at risk (refer to Section 7.8). 

The low profile haul road is 700 m greater in length. Hence the capital 

cost of construction (extra $150,000), haulage costs (extra $130,000), 

and rehabilitation costs (extra $50,000) are higher for this alignment. 

Whilst the preferred option on economic grounds would be the high 

profile haul road, in order to minimise the impact on the dieback free 

forest, Alcoa has agreed to the low profile alignment. 

Drainage 

Drainage control will play a major part in protecting the forest 

environment by preventing uncontrolled discharge of water from the 

project area. Due to the distinct wet season and the clayey nature of 

the deeper ore, drainage is also important within the pits in order to 

maintain continuous production. 

Cleared operational mine areas have the potential to produce significant 

quantities of solids in runoff water. Runoff from sections of land that 

have been cleared prior to mining can be controlled by a strip (minimum 

6 m width) that will be blasted around the ore boundary. This will 

control both turbidity and spread of dieback, by infiltrating water 

below the caprock. Active mine areas will need more specific runoff and 

associated suspended sediment control. 
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Suspended solids loadings as high as 0.1 g/l have been recorded within 

active minepits in other areas of Alcoa's operations. If we considered 

the extreme case of the whole open area of a minepit being active, a 

rainfall of 810 mm/a and a runoff coefficient of 0.9, it is 

theoretically possible to obtain up to 730 kg/ha/a of sediment from 

these pits. 

However, this amount can be greatly reduced by the use of appropriate 

sediment control structures. These will involve a 2-stage system. 

Water will first be pumped or directed, via drainage channels, to an 

in-pit surge sump, and then to a settling pond sited just downslope of 

the mine (see Fig. 6). 

An "in pit" surge sump capacity of 1 x 10 in3  will be available to hold 

a total average months rainfall of 125 mm at any one time. This volume 

is also in excess of the 1 in 50 year, 12 hour and 72 hour duration 

rainfalls for the area (1977 Australian Rainfall and Runoff Institute of 

Engineers, Australia). 

The surge sump storage within the pit will allow for fluctuations in 

rainfall and also provide primary settling capacity in addition to the 

out-of-pit settling pond. 

The settling pond is sized to settle out greater than 5 pim particles. 

These have a settling velocity around 1.9 rn/day. For a sump with an 

effective settling depth of 1.0 in the hold time would need to be about 

half a day. This requires a settling pond volume of 2000 m3 . 

At 1 m depth and a 3:1 length to width ratio, the required dimensions of 

the settling pond are 26 in x 80 in. To decrease the effect of wind 

turbulence reducing settling, the length of an individual pond will be 

reduced by constructing two 25 in x 50 in ponds side by side. Outflow for 

the first pond becomes inflow for the second. The inlet and outlets 

would be level and extend the whole width of the pond. 

Final overflow from the settling pond will be discharged by channel to 

the stream zone. The channel will be formed, compacted, jute meshed and 

sprayed with bitumen. The entry to the channel from the pond discharge 

will be protected by rip rap or similar. 
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In-pit drainage systems will be installed immediately after the 

commencement of mining in order to remove run-off, seepage and 

precipitation. Figure 6 shows the overall drainage pattern proposed for 

the mining area and details the proposals for drainage in the first 

stage of operations. The stockpile areas will also be shaped and 

drained to prevent excessive sediment transport and erosion. Capacities 

of sumps will be calculated in the same manner as used in the above mine 

pit example. 

After rehabilitation it is anticipated that runoff from some sites in 

the mining area will drain into deeper mined out areas. However, most 

of the water will drain into 34 Mile Brook via designed drainage 

channels. 

Runoff from haul roads can be expected to carry sediment in the same 

manner as runoff from the active mine pits. All runoff from haul roads 

will be confined to road side drains and these can be directed to sumps 

at the appropriate locations. This will reduce any impact from road 

base material on the surrounding landscape. The roads themselves will 

be undergoing continuous maintenance and upkeep. All road construction, 

operation and maintenance will be designed to minimise spread of 

dieback, according to guidelines jointly developed by CALM and Alcoa. 

All runoff from roads will initially be directed to roadside drains. 

These drains will carry road runoff and any associated sediment to 

sedimentation sumps. These sumps will be sized to settle particles 

greater than 30 pm size. This represents material between silt and fine 

silt. Sumps will be placed at low points in the landscape. Each sump 

will have storage to cope with 5mm of road surface erosion per year for 

5 years. 

Overall sump volumes will be designed to cope with a 1 in 20 year storm 

event, with runoff and holding times required to settle out greater than 

30 pm particles. Sumps will be located as close to the streamzone as 

possible so that overflow channels can be as short as possible. 
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Each sump will have an inlet header channel with an inflow weir 

extending all the way across the sump. The outflow will have the same 

type of weir with an outlet collection channel collecting the water for 

discharge into the streamzone vegetation. Efficiency of operation, and 

minimising spread of dieback will be the two criteria used in selection 

of discharge locations. 

Rehabilitation 

Rehabilitation will be in accordance with procedures and methods 

utilized at the Alcoa bauxite mines, and in agreement with the State. 

The overall objectives of rehabilitation will be to re-establish the 

hydrological balance in the area, establish appropriate self-sustaining 

vegetation communities and protect the forest environment from the 

spread of dieback disease. 

The objective of the management of runoff from the mining operations 

will be to minimise the potential spread of jarrah dieback disease and 

to avoid any long-term salinity and turbidity impacts on 34 Mile Brook. 

All mine floors will be deep ripped, and overburden material and then 

topsoil returned separately. 

Shallower pits will be rehabilitated to the flattest slopes reasonably 

achievable, taking into consideration the natural landforms and the need 

to minimise the extent of clearing. For these pits, this will generally 

result in rehabilitated mine slopes of one in three or less where 

practicable. Final pit slopes will be determined by agreement with 

State Government authorities. Landform earthworks will ensure that the 

majority of runoff will drain to natural watercourses. 

Discussions will take place between Alcoa, WAJV and relevant Government 

authorities to ensure effective landscaping of the area where the two 

orebodies meet. 

At the end of mine life, the waste, and low grade ore stockpiles, (if 

this ore is not processed) will be landscaped, contoured, drained and 

revegetated to ensure assimilation into the surrounding area. 
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Rehabilitation methods will involve: 

- 	deep ripping of pit floors; 

- 	battering of pit walls and deep ripping on contour; 

- 	replacement of overburden; 

- 	replacement of topsoil; 

- 	surface scarifying on contour of all topsoiled areas; 

- developing rehabilitation plans jointly with CALM, based on 

experience gained from rehabilitation practices in use at Alcoa's 

existing bauxite operations. 

Monitoring 

A monitoring and reporting programme, established in consultation with 

the State, will be carried out to determine the impact of the mining 

operation on dieback disease and stream water. The results of the 

monitoring programme will be reported to the State. They will be used 

to assess management practices and identify changes required in 

environmental management programmes. 

5.4 Gold Processing 

Alternatives Evaluated 

It is proposed that the gold processing plant be located in the 

north-west corner of land owned by Worsley Timber Company, as shown in 

Figure 4. Alternatives to the Worsley Timber Company site were in State 

Forest close to the mine, and in Bunnings' private land, next to the 

Boddington Gold Mine plant. The reasons for selection of the private 

land as the preferred site have been discussed in Section 4. Both of 

the alternative sites have environmental disadvantages compared with the 

preferred location. 

Processing Plant 

Metallurgical testwork on drill sample material representing laterite 

and clay ore types has shown that both respond well to normal cyanide 

leaching. The proposed plant therefore uses the conventional 

Carbon-in-Leach process and needs no special design features. The 

planned throughput is 2 million tonnes/year of mixed laterite and clay 

ore. 
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Ore crushed to -80 mm will be ground in a semi-autogenous mill before 

passing to the cyclone circuit. A chemical viscosity modifier will be 

added to the grinding circuit to increase the fluidity of the mill 

discharge slurry for efficient hydrocyclone classification. 

The cyclone overflow, a slurry of approximately 40% solids, passes over 

a trash removal screen and feeds 6 leach/adsorption tanks which contain 

a dilute sodium cyanide solution whose pH is maintained at about 10.5 by 

the addition of caustic soda. The first tank is a leach tank only but 

the remaining 5 tanks are leach/adsorption tanks which contain activated 

carbon flowing counter-current to the slurry. The gold is dissolved by 

the cyanide at atmospheric temperature and pressure and is then adsorbed 

onto the activated carbon. 

The loaded carbon passes to the elution circuit where it is washed with 

dilute hydrochloric acid to remove any foulants, such as clay particles 

or adsorbed calcium and magnesium ions, which would otherwise interfere 

with the gold elution and carbon regeneration processes. Water-washing 

to remove any residual acid is followed by stripping of the gold from 

the carbon with hot dilute caustic cyanide solution in a proprietary 

stripping column. The stripped carbon is heated in a gas-fired kiln to 

regenerate its gold-loading capacity ('reactivation') by removing 

organic and other constituents. 

The pregnant liquor goes to the electro-winning circuit, where gold is 

deposited onto steel wool cathodes; the steel wool is then dissolved in 

hydrochloric acid and the resulting gold 'sludget is smelted with fluxes 

and cast into bullion. 

A materials flow diagram of the gold processing operation is shown in 

Fig. 7. It is not possible at this stage to quote exact quantities of 

materials since plant design is not completed. 
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5.5 Tailings Disposal 

Introduction 

The waste material or tailings from the gold processing plant will 

consist of finely ground laterite and clay materials (with particle 

sizes less than 150 irn) in an aqueous solution which is slightly 

alkaline and has low concentrations of cyanide salts. The ratio between 

the crushed bauxitic minerals and clay mineral fractions will vary 

depending upon the mining operation, and since it is not considered 

feasible to provide separate disposal of each, the future use of the 

tailings for alumina extraction is highly unlikely. 

The gold processing plant will produce approximately 2 Mt of dry 

tailings each year and depending upon the final cut off grades and 

mining plan that is selected, the total tailings produced during the 

project life will be between 8-12 Mt. 

Tailings Properties 

From the limited data available it is predicted that the Hedges tailings 

will have similar geotechnical properties to the fine mud fraction of 

Alcoa's bauxite residues except that it will settle faster and may have 

a more rapid consolidation rate. This will result in a higher average 

density by the time the impoundment is filled. It is estimated that 

this density will be around 65% solids by weight (dry density 1.1 t/m3 ) 

and that at this density the average permeability will be around 1 x 
- 

10
8 
 rn/sec. 

The option of carrying out preliminary geotechnical testwork on 

synthesized tailings samples was evaluated. 	However, past experience 

with bauxite tailings suggests that the results from such testwork can 

be misleading. Instead it is proposed to determine geotechnical 

properties on samples of tailings taken after the processing plant has 

commenced operation. These tests will establish the coefficients which 

will allow mathematical modelling of consolidation and underdrainage. 

In addition Alcoa will seek the co-operation of WAJV in providing data 
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on the initial performance of the Boddington Gold Mine tailings to help 

predict the behaviour of the Hedges tailings. 

The chemical properties of the tailings are important in evaluating the 

likely soluble salt concentrations in any seepage from the tailings 

area. Soluble salts may derive from those present in the mined ore, or 

in the raw process water or from chemical reagents added during the 

processing of the ore. The expected concentrations of these salts and 

their potential impact is discussed in Section 7.4. 

Alternative Methods of Tailings Disposal 

Alcoa's experiences in dealing with bauxite residue disposal at its 

three alumina refineries in Western Australia have been used to help 

assess tailings disposal alternatives for the Hedges project. Two basic 

alternatives have been considered. 

(i) Dry disposal 

The term "dry" refers to the way in which the tailings area is operated 

without a liquor pool except following rainfa)l events when a small pool 

of runoff may accumulate. In addition, the final tailings deposit is 

only partly saturated and more closely resembles a dry soil condition. 

To achieve dry disposal the tailings slurry must be thickened to the 

point where it can be discharged at a reasonable angle of repose (say 

1%) without the expression of large quantities of free liquor. This is 

usually accomplished using a mechanical dewatering device such as a 

filter or thickener and with the assistance of chemical flocculents. 

The thickened slurry is pumped using high pressure equipment and 

distributed into the disposal area in layers which are allowed to solar 

dry. On drying the material shrinks and densifies. The shrinkage 

cracks render the deposit quite permeable, so most of the water which 

drains from the wet slurry and also rainfall runoff percolates through 

the deposit to the base drainage system. 

This process is particularly attractive for fine waste slurries which 

are difficult to settle and dewater, where recovery of leachate is of 
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economic or environmental importance, and where new residue impoundments 

are expensive to construct. The major drawback with the technique is 

the high initial capital cost of dewatering and pumping equipment and a 

higher operating cost for flocculents and power. 

Dry disposal is not favoured for the Hedges project due to high capital 

and operating costs combined with the relatively short life of the 

operation. The geotechnical aspects of dry disposal such as the higher 

initial deposit density and strength and higher overall permeability 

offer only low grade advantages due to the relatively small tailings 

volume, the good settling characteristics of the tailings and the 

topography of the preferred site. 

(ii) Wet Disposal with Gravity Underdrainage 

In this technique the slurry is discharged at the processing plant 

density of around 40% solids into the impoundment area where the solids 

settle and the liquor forms a decant pond and is recycled. The amount 

of liquor present means that although the coarser material may form a 

shallow beach near the point of discharge, the finer tailings will 

settle beneath the decant pool and have a very flat surface profile. 

Gravity settling and consolidation result in densification of the 

tailings rather than dessication as is the case for dry disposal. 

The absence of shrinkage cracks results in a lower overall permeability 

although there may be wide variations within the deposit due to the 

separation of coarser fraction near the points of discharge. The normal 

consolidation process results in the lowest permeabilities at the base 

of the deposit due to higher overburden pressures. 

Provision of a gravity base drainage system has a number of advantages. 

The improved drainage at the base of the deposit increases the rate of 

consolidation resulting in a reduced total volume of tailings, greater 

strength and lower permeability. The increased density of the lower 

layers of tailings and their reduced permeability does reduce the effect 

of the base drainage system. However it remains an effective means of 

collecting leachate. In addition the base drainage system effectively 

removes the hydrostatic head from the base of the deposit thereby 

reducing the seepage to underlying soils and groundwater. 
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This method of tailings disposal is planned for the Hedges project. 

Alcoa's experiences with the design, construction and operation of 

gravity underdrained tailings impoundments span 7 years and range from a 

10 hectare pilot lake which was fully instrumented and monitored to an 

80 hectare operating lake. The former resulted in the development of 

techniques for sampling and testing the deposit, and mathematical 

modelling of the consolidation and underdrain performance. 	These are 

now routine procedures and will be used for the Hedges project. 

Alternative Disposal Sites 

A number of suitable tailings disposal sites were identified in 

conjunction with the processing plant alternatives as described in 

Section 4. All of these were valley sites located either within State 

Forest or on private land (Worsley Timber Co.) except for the 

alternative of utilizing the BGM tailings impoundment. Investigations 

of the use of the existing BGM tailings facilities have been limited by 

lack of detailed information. Alcoa has studied the proposed method of 

operation for the BGM tailings facility and in particular the estimated 

final densities. 	Careful analysis indicates that the site proposed 

could not accommodate the additional 8-12 Mt of tailings from the Hedges 

project, without the construction of a second tailings dam. 

Two tailings disposal sites were identified for the preferred private 

land option. One location was on Long Gully Creek - a cleared section 

of farmland which abuts State Forest just north of the Pinjarra - 

Williams Road. Although sound in an engineering sense this location 

would require a longer tailings pipeline, have a greater impact on 

farming operations and would require diversion of winter runoff from 

the 8.1 km2  upstream catchment area. 

The preferred location for the tailings impoundment is on a small 

unnamed tributary draining the NE corner of the private land holding. 

This location has a number of advantages: the proposed plant site would 

be totally within the tailings pond catchment therefore providing total 

security against plant spillages or contaminated storm runoff escape; 
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the area is relatively remote and well screened from the surrounding 

farming land and its presence will not create adverse visual impacts or 

disrupt normal farming operations; the catchment area above the proposed 

tailings dam site is only 340 ha so storage of storm runoff can be 

readily accommodated within the dam both during and following the 

operating period to avoid diversion structures. 

Preliminary site investigations indicate that the site is underlain by 

deep, low permeability clay soils which will reduce the rate of seepage 

losses and groundwater contamination. 

Impoundment Design 

The tailings dam will be designed as a water retaining structure to 

minimise the risk of embankment failure and also minimise seepage 

through or beneath the dam wall. Sufficient freeboard height will be 

provided to allow for tailings storage and rainfall. Full details of 

the tailings and water reservoir structures will be submitted to the 

Water Authority for approval under the Referrable Dam Provisions of the 

Rights in Water and Irrigation Act 1914 (and amendments), and as 

required to the EPA under the control of Pollution (Part V) section of 

the Environmental Protection Act 1986. 

The main embankment will be constructed in four or five stages depending 

upon the final quantity of tailings produced over the project life and 

the final density achieved in the deposit. The relationship between the 

dam height, storage volume and surface area is shown in Figure 8. The 

final surface area of the tailings dam will be about 90 ha. 

A gravity underdrain system will be constructed over part of the base of 

the tailings area and will consist of perforated flexible drainage pipe 

installed within a soil filter envelope. The piping system will direct 

underdrainage to a gravity sump from which it will be pumped back into 

the process water circuit. 

The tailings slurry pipework from the plant site will be quite simple 

and direct with discharge points located at the NW end of the area. The 
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pipework will be within the immediate catchment of the tailings dam so 

any pipeline spills caused by leaks or breakage will be totally 

contained. The pipeline formation will be constructed in such a way as 

to prevent the lateral spread of any spills which may occur. 

A decant pump station will be located at the dam wall and this, along 

with a pipeline to the plant site, will allow recycling Qf tailings 

transport water and any rainfall runoff which accumulates in the 

tailings pond. 

Construction of Tailings Facilities 

Clearing 

The total area of private forested land to be cleared for the Hedges 

project is 160 ha and of this approximately 110 ha relates to the 

tailings impoundment. The area of clearing will be kept to a minimum 

commensurate with safe construction practice, so that the potential for 

soil erosion is reduced and aesthetic impact is minimised. 

Topsoil from the dam formation areas and the tailings impoundment area 

will be removed and stockpiled for future rehabilitation use. 

Embankment Construction 

Embankment construction material will be obtained from within the 

impoundment areas wherever possible to minimise the total area of 

disturbed land. Construction of the major part of the embankments will 

be completed during the dry summer months for practical reasons and to 

minimise soil erosion. 

Construction Schedule 

The target plant start up date is October 1988 and to achieve this, 

process water must be stored during the winter flow, period of 

June-August 1988. Therefore the water supply dam and first stage 

tailings dam must be completed prior to June 1988. The expected main 

earthworks construction period is February - May 1988. 
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Operation of Tailings System 

Tailings slurry will be pumped to any one of a number of alternative 

discharge points around the western end of the tailings impoundment. As 

described earlier, the coarser tailings material may form a shallow 

beach with the finer fraction settling in the decant pool (about 20 ha 

or less) near to the embankment. Water will be continuously pumped from 

the decant pool and recycled to the plant. 

Tests indicate that the tailings material settles well. However if 

difficulties are encountered, small quantities of synthetic flocculent 

may be added to the tailing slurry at the point of discharge to improve 

solids - liquid separation. This could have the added advantage of 

reducing the area of the decant pool to achieve return water clarity and 

increase the non-wetted area of tailings thereby increasing aeration and 

possible dessication. The negative side of the flocculent addition 

technique apart from the additional cost is a possible reduction in 

final density of the deposit. 	This technique has been successfully 

applied to underdrained lake operation at Alcoa's Pinjarra refinery. 

The full gravity underdrain system will not be operated for the first 

year of tailings deposition to avoid short circuiting of liquor from the 

decant pool and also to reduce the possibility of contamination of the 

underdrain system by fine tailings. 

Monitoring 

Embankment monitoring will be designed to ensure that the design 

assumptions relating to embankment stability are met. 	A traverse of 

piezometers will be installed within each dam and in the foundations 

below the dam to observe soil saturation conditions. 

For underdrain monitoring, further piezometers will be installed within 

the underdrain system to check on performance. 

A groundwater monitoring network is proposed to check on changes in 

groundwater quality downstream of the tailings dam. The location and 

construction of these bores is illustrated in Figure 9. 
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5.6 Water Supply 

Introduction 

Processing of low grade gold ores using the Carbon in Leach process 

requires water for the transport of the ore, processing chemicals, gold 

and tailings. Although the quality of this water must be taken into 

account in designing the processing plant it need not be fresh and in 

many operations brackish or saline water is used. Some higher quality 

water is required for carbon processing and final separation of the gold 

and also for potable use. This amounts to approximately 5% of the total 

requirement. 

Net water consumption is made up of water which is trapped in the 

tailings, and evaporation within the plant, tailings pond and water 

storage reservoir. The annual water consumption for the Hedges Gold 

Project has been estimated at 2000 Mi/a. 

Provision of adequate water for the project was identified as an 

important issue in the early planning stages and a number of 

alternatives were considered. 

These included 

(i) 	pumping winter flow from the 1-lotham River into a storage 

dam similar to the BGM water supply reservoir; 

upgrading of the BGM pumping station and water reservoir 

to provide for the additional needs of the Hedges 

project; 

pumping ground water from the Alcoa's Pinjarra Refinery 

through a 45 km pipeline to the gold processing plant; 

(iv) 	pumping water from the South Dandalup Dam in exchange for 

treated groundwater from the Pinjarra Refinery site; 

(v) 	pumping water from the Murray River to a storage dam. 
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The high cost of Option (iii) to (v) ruled them out in favour of Option 

(i), assuming that adequate water was available from the Hotham River. 

Option (ii) is not feasible because agreement on a joint Alcoa/WAJV 

project was not achieved (refer Section 4). 

Availability of Water from Hotham River 

Flow records for the Hotham River at the Marradong Road bridge for the 

period 1966-1986, provided by the Water Authority of W.A. were examined 

to check the availability of water for the Hedges Project. Allowances 

were made for the planned withdrawal of up to 53 Ml/day by the 

Boddington Gold Mine and a minimum flow of 8 Ml/day at the gauging 

station in addition to the Hedges Project requirement. In all years 

including the drought years of 1969 and 1979 the Hedges annual 

requirement of 2000 Ml could have been achieved with a pumping rate of 

around 48 Ml/day during the winter periods when the flow exceeded the 

combined 61 Ml/day previously mentioned. Considering the relatively 

short life of the Hedges project and the provision of some carryover 

storage in the dam it is believed that basing the system design on the 

driest year on record is a reasonable approach. 

The combined annual extraction of water from the Hotham River for both 

gold projects (assuming 4000 Ml for BGM and 2000 Ml for Hedges) 

represents only 5.5% of the average annual flow of 109,000 Ml and 35% of 

the recorded minimum annual flow of 17,000 Ml (1979). 

Proposed Water Supply Facilities 

Water Intake and Pump Station 

The water intake will be located on the West bank of the Hotham River 

approximately 1 km downstream of the BGM intake on private property 

(Murray Location 703). The river forms a small pool at this point and 

only minor work will be necessary in the river bed to provide a suitable 

intake. The pumps will be installed on or close to the river bank to 

avoid structures which may impede flows during floods. Three pumps will 

be installed with either one or two operating and one standby, to 

provide a total maximum pumping rate of 2000 kl/hr. 
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An application for a license (as required under the Rights in Water and 

Irrigation Act (1914) and amendments) to withdraw the required water 

from the Hotham River has been lodged with the Water Authority and 

details of the pumping station will also be submitted for approval. 

The alternative of installing the Hedges intake adjacent to the BGM 

pumps at the old Hotham Valley Railroad bridge was considered, but would 

be difficult with the current layout, and the additional weight and 

vibration could endanger the bridge structure. 

Water Pipeline 

Water will be pumped from the river to a storage dam via a steel 

pipeline (Fig. 4). This pipeline will also be located on private 

property (Murray Location 703). 

Water Storage Dam 

A number of suitable sites for water storage dams were identified for 

the different processing plant location options. For the preferred 

plant location on private property at the NW corner of Murray Location 

703, two alternative dam sites were considered; one on Long Gully Creek 

in a cleared paddock and one on the small tributary in the timbered area 

further north. Both sites could accommodate the required storage volume 

and are geotechnically suitable. However the site immediately 

downstream of the tailings impoundment would result in seasonal flooding 

of the base of the tailings dam which has stability implications and may 

make groundwater monitoring and any seepage control and recovery (if it 

proves necessary) difficult. On the other hand the Long Gully Creek 

site would require a lower dam wall, is largely cleared and physically 

separate from the tailings dam which necessitates a less complicated 

construction programme. The Long Gully Creek site is therefore 

preferred. 

A water storage volume of 2.5 x 106  m3  is considered adequate for the 

annual plant requirement of 2 x 106  m3  plus a minimum carryover storage 

of 0.5 x 106  m3. To provide this storage volume a dam wall 22 m high 
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will be required. At full volume the surface area of the reservoir will 

be around 25 ha. As with the tailings dam, details of site 

investigations, dam design and construction specifications will be 

submitted to the Water Authority of W.A. for approval prior to 

commencement of construction. 

Construction of Water Supply Facilities 

Clearing and Topsoil Removal 

Water supply facilities will require a minimum of clearing due to their 

location on land that has already largely been cleared for farming. 

Topsoil removal will be limited to the embankment area and any internal 

borrow areas required for dam construction. Topsoil will be stockpiled 

and used for landscaping the downstream face of the dam wall. 

Embankment Construction 

Embankment construction material will be obtained from within the 

impoundment area if possible to minimise the eventual area of disturbed 

land. Construction of the major part of the embankments will be 

completed during the dry summer months for practical reasons and to 

minimise soil erosion. 

Construction Schedule 

In order to provide water for plant operation from October 1988 the 

water pumping facilities and storage dam must be operational by June 

1988, to capture winter runoff from the Hothain River. It is expected 

that earthworks and piping construction will be carried out during 

February - June 1988. 
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5.7 Power Supply 

Proposed System 

It is proposed that the plant obtain its power supply from the State 

Energy Commission of Western Australia (SECWA) through its 22 kV rural 

distribution network. This will require minor extensions to the 

existing 32 kV substation at Boddington Gold Mine to accommodate a new 

transformer. 

The preferred route to interconnect this transformer into the 22 kV 

network has been studied and recommended by SECWA officers. 

The average load for operation of the plant is expected to be about 4.0 

MW with a maximum of 6.0 MW. 

Alternatives Examined 

Alternatives to supply power to the treatment plant are limited as a 

major substation exists nearby at the Boddington Gold Mine. The 

technical limitations of establishing two substations in close proximity 

prevented further interconnection to the SECWA 132 kV network on the 

Muja - Northern Terminal line. 

The first alternative is to obtain power from the SECWA portion of the 

above substation and run a 22 kV powerline to the plant site along the 

side of the haul road. This would require the routing of the line 

through the eastern side of the valley of 34 Mile Brook. This route 

requires the clearing of a 2.0 km, 20 m wide strip of State Forest 

before joining proposed haul road. 

Although this could be the preferred option if the Hedges plant is to be 

a 'sole consumer' on this line, it presents problems of long term access 

through Disease Risk Area should SECWA wish to use it for extension of 

their 22 kV system. 

A second alternative investigated was to supply power from Alcoa's 

alumina refinery at Pinjarra by a 33 kV powerline following the 
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Dwellingup-Boddington railway line easement (Hotham Valley Railway 

Line). Although this is both feasible and cost competitive, it is felt 

the impact on State Forest due to access requirements for maintenance in 

the wet season, would increase potential impacts compared with other 

options. 

This resulted in a third alternative being considered. Option 3 

requires SECWA to build a 22 kV powerline from the substation east 

towards Boddington Township for some 4.0 km along the Boddington Gold 

Mine access road. The line would then turn south to the Hotham River, a 

further distance of 6.0 km across private land. This route will require 

little clearing as it will follow an existing road part of the way and 

then go across open grazing land to the river. The point of supply to 

Hedges would be adjacent to the pumping station on the Hotham River. A 

private pole line from this point to the plant site (8.0 km) would cross 

mostly cleared private land. 

Option 3 is the preferred option due to its lower environmental impact, 

and long term potential use as a supplementary supply for Boddington 

Township. 
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6. EXISTING ENVIRONMENT 

6.1 Landform and Soils 

The project area lies on the Great Plateau of Western Australia, towards 

the eastern fringe of the jarrah forest and approximately 35 km from the 

Darling Scarp. This more dissected westernmost part of the Great 

Plateau is commonly referred to as the Darling Range. Elevation in the 

project area ranges from about 330 ha at the mine itself to 220 m near 

the confluence of 34 Mile Brook with the Hotham River. 

The geology of the area is described in Section 5.2. Three of the soil-

laridform soil units described by Churchward and McArthur (1980) and 

McArthur et. al. (1977) are found in the project area. These are 

(1) 	The Dwellingup unit comprises the lateritic uplands with 

occasional bedrock outcrops near the crests of hills. The 

slopes bear gravelly soils with varying proportions of sand 

and loam. 

The Cook unit occurs in localised pockets scattered on mid and 

upper slopes, and is characterised by relatively extensive 

areas of shallow outcropping bedrock. 

The Pindalup unit comprises the broad shallow valleys. 

Gravelly duplex soils occur on the slopes, with some 

outcropping and natural erosion scars. The broad valley 

floors contain grey sands, duplex yellow soils and orange 

earths. Extensive seasonally-inundated swamps occasionally 

occur in the valleys, with associated soils of comparatively 

fine particle size. 

Soils associated with these landform units are described in more detail 

in McArthur et. al. (1977). Soil development in these areas is a 

function of climate, drainage patterns, drainage rejuvenation and 

landforms (McArthur et. al. ibid.). The soils are dominated by 

duricrust, gravels or sand. Soil fertility is generally low which is 

one reason why similar areas have not been cleared for agriculture. 
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Erosion potential has been rated as low in the Pindalup unit, and high 

in the Dwellingup unit (Dames and Moore 1984). All of these factors 

need to be considered during any clearing and revegetation operations. 

6.2 Climate 

Climatic data for the Hedges Gold Project area is available from five 

sources 	long term records from Boddington (12 km SE), Bannister (20 

km NE) and Wandering (35 km NE), and more recent records from Worsley 

Alumina Mt. Saddleback bauxite mine, and from the Boddington Gold Mine. 

Of these, the most detailed long-term information has been collected at 

Wandering. 

The climate is typically Mediterranean, with an estimated average annual 

rainfall of 810 mm and pan evaporation of 1710 mm. Over 50% of the rain 

falls in winter (June, July, August) and less than 10% in the summer 

months (December, January, February). Temperatures range from an 

average daily maximum of over 300
C in summer, to an average daily 

minimum of less than 5
0
C in winter. Long term data on humidity and 9 

am/3 pm wind directions and speed are available for Wandering. 

At the Boddington Gold Mine weather station, the following information 

is recorded : rainfall, wind speed and direction, air temperatures and 

humidity. 

6.3 Land Use 

The land use priority proposed in CALM's draft regional management plan 

for State Forest in the Hedges Project Area is catchment protection. 34 

Mile Brook flows into the saline Hotham River system which is unsuitable 

for development as a water resource, although 34 Mile Brook itself is 

considered by the Water Authority of W.A. to be a possible future 

potable water source. 

Because of the low rainfall, the area is not particularly productive in 

relation to timber values. Hedges forest block is isolated and in 

dieback Disease Risk Area (DRA), and vehicular access without permit is 

illegal. 
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Many of the attractions identified by Herbert and Schmidt (unpub. 

report) as important and used by forest visitors to select recreation 

sites, are not present in the immediate Project Area. Those attractions 

not present include water bodies suitable for recreation, outstanding 

landscape features or scenery, particular historical relics or landmark 

trees, or any man-made recreation facilities. Although surveys of 

recreation use have not been carried out in Hedges block, the above 

information suggests that recreation use would be very small because of 

the lack of most of the more popular forest attractions. 

Occasional bushwalking is probably the only legal recreation use the 

area receives. The proposed realignment of the Bibbulmun track passes 

the north-western corner of the project area. 

Conservation values are discussed under the flora and fauna sections. 

The nearest area recommended for reservation for conservation purposes 

is the Duncan MPA. Its southern boundary, near Mt. Wells, is 4 km north 

of any proposed development for this project. 

The private Worsley Timber Co. land which will be affected by the 

project is partly forested but has been heavily logged. 

6.4 Hydrology 

The Hedges Gold Project lies within the catchment of 34 Mile Brook. 

This seasonal stream is a tributary of the Hotham River. The Hotham 

joins with the Williams River some 25 kin to the south to form the Murray 

River. The catchinents of both the Hotham and Williams Rivers have been 

subjected to extensive clearing for agriculture, resulting in relatively 

high stream salinity levels. This has greatly reduced the freshwater 

potential of the Murray system. 

The Boddington Gold Mine ERMP stated that the average soil salinity for 

that project's orebody was 1.6 kg/rn3. This was based on one metre 

samples from 29 drill holes. Since the Hedges Gold Project area is 

immediately adjacent and in the same geological environment, it is 
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reasonable to assume that the soil salinities are similar. The average 

soil salinity from six exploratory boreholes in the Hedges orebody is 

1.4 kg/rn3. This soil salinity is the value that would be expected 

considering the rainfall and geology of the area. 

Downstream of the Hedges minesite, 34 Mile Brook has been dammed for the 

BGM project. This dam currently has a capacity of 4150 Ml. The Water 

Authority considers this reservoir to be a potential longer term fresh 

water source. Further downstream, the brook flows through largely 

cleared private property owned by Worsley Timber Co., before joining the 

Hotham River. When flowing, it is utilised for stock-watering. 

Streams in the region are mostly ephemeral, and receive only limited 

recreational use. The Hotham River is used for canoeing, swimming and 

fishing, while the deeper pools of the Hothaxn are popular for marron 

fishing in summer. 

6.5 Flora 

Aims and Methods 

A botanical survey was carried out in the Hedges Gold Project area in 

May 1987. The objectives of the survey were to: 

- 	document the flora of the survey area; 

- 	review the conservation status of the plant species recorded; 

- 	define and map the plant communities of the survey area; 

- 	review the significance of the plant communities on a regional 

basis. 

The area was surveyed on 200 m grid transects. At points along these 

transects recordings were made of : tree species; tree physiological 

stress (measured in April); past logging; understorey species presence 

and abundance; soil colour and texture; litter depth and cover; fire; 
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and topographic details. Results were processed and evaluated in a 

regional context, with account being taken of nearby BGM, Mt. Saddleback 

and other relevant studies. 

Flora 

A total of 38 families, 93 genera and 180 vascular plant species was 

recorded in the survey area. Comparison with other nearby studies 

indicate that this probably represents 60 to 70% of the flora species in 

the whole project area. The reason a higher percentage was not recorded 

is largely due to the season - the survey was undertaken in autumn 

before the seasonal growth of members of the family Orchidaceae, and 

annuals. However, considering these results in conjunction with results 

from the nearby BGM can give a sufficiently accurate picture of the 

conservation status of the plant species and communities. 

None of the species collected either in this survey or in the adjacent 

BGM surveys is officially gazetted as "rare flora" (Department of 

Conservation and Land Management 1985). However, eleven species have 

been mentioned in various publications as being either rare, vulnerable, 

restricted, poorly collected, or in need of further research and 

monitoring (Marchant and Keighery, 1979; Leigh et al., 1981; Rye and 

Hopper, 1981; Anon, 1982; Barrett, 1982; Rye, 1982; Department of 

Conservation and Land Management, 1985). These are Boronia crenulata, 

Cassytha glabella, Calothamnus planifolius, Darnpiera alata, Gonocarpus 

cordiger, Hibbertia rhadinopoda, Lasiopetalum cardiophyllum, Lomandra 

hermaphrodita, Tetraria octandra, Tricoryne humilis and Xanthorrhoea 

preissii. 

Of these, some are now recognised as being relatively widespread e.g. 

Cassytha glabella and Dampiera alata, while others are common and merely 

poorly collected e.g. X. preissii. However, some species do warrant 

further attention. Boronia crenulata, Calothamnus planifolius, 

Tricoryne humilis and Lasiopetalum cardiophyllum are still considered to 

be restricted in distribution, and further studies are under way to 

determine their exact distribution. T. humilis has been recorded in a 

conservation reserve, while L. cardiophyllum and B. crenulata have been 



recorded in nearby Duncan Conservation Management Priority Area. Since 

this survey, B. crenulata has been reclassified and is now considered to 

be the same species as B. viminea, which is common, so B. crenulata no 

longer warrants special attention. 

Other species of interest are a group of plants which typify the more 

western section of the northern jarrah forest. These reflect the 

moister and more fertile conditions of the area, compared with the Mt. 

Saddleback area (Worsley Alumina Pty. Ltd. 1985). Species include 

Pteridium esculentum, Clematis puhescens, Acacia urophylla and Hovea 

chorizemifolia. Other species, e.g. Acacia microbotrya and 

Allocasuarina heugliana reflect the proximity of the wheatbelt 

communities. 

Vegetation Communities 

Thirteen site - vegetation types (as defined by Havel 1975 a and b, and 

Heddle and Havel, pers.comm.) were defined and mapped for the survey 

area. These included seven jarrah dominated communities (Types P, Z, 0, 

Z, T and W), three wandoo communities (Y, L and M), two communities from 

wide, broadly drained valley floors (A & X) and type C, which occurs on 

shallow soils on lower slopes in the broad valley floors. The location 

of these types in State Forest is shown in Fig. 10. Maps for the 

Worsley Timber Co. land have recently been completed but were not 

available for inclusion at the time of printing. The study demonstrated 

that underlying soil and site conditions appeared to be a significant 

determinant of plant and community distribution. The highest species 

diversity occurs in the heath and swamp communities of the valley 

floors. 

The site vegetation types recorded are relatively well represented in 

nearby conservation areas, although the possible occurrence of local 

forms of these types warrants review. In general, the area supports a 

range of site vegetation types which reflects both the western higher 

rainfall forest of jarrah and the eastern influence with wandoo in the 

valley systems. 
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Existing Impacts 

The area has been logged in the past, but not recently. The minesite 

and waste stockpile area was logged in the decade 1940-49, while the 

remainder of State Forest in the project area was logged in 1920-29. 

Relatively heavy logging has occurred in the Worsley Timber Co. land. 

The Hedges forest block was last burnt in spring 1984. State Forest in 

this block is usually burnt at 5 year intervals. Dieback mapping was 

carried out in 1983, and further mapping of the project area has 

recently been completed. Dieback is present in the valley systems, but 

the upland forest is mostly dieback free. Another fungal disease, 

Armillaria, has been recorded and mapped in some of the wandoo valleys 

of the project area. Physiological stress, as measured in this survey, 

is largely a function of the above impacts. The stress assessment 

techniques revealed physiological stress mainly in areas which had been 

recently burnt, particularly where the fire intensity had been high. In 

areas where shallow soils were noted, there was also an indication of 

some deterioration in overstorey condition. Other areas, such as near 

Old Soldiers Road and near Wells Formation, showed recent tree deaths 

which were most likely due to dieback disease. 

6.6 Fauna 

Methodology 

A fauna study was conducted in May 1987. The study used three sources 

of information : a short, intensive vertebrate field survey; 

extrapolation from vegetation maps; and assessment of the extensive 

data available from Worsley Alumina Pty. Ltd. (1985) and other published 

records. 

The study was designed to 

- 	describe the faunal assemblages of the project area; 

- 	assess the conservation status of fauna; 

- 	identify habitats within the project area which are of value 

to fauna. 
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Surveys were designed using the plant community map prepared in the 

vegetation surveys. 

Field surveys and extrapolation from vegetation maps and published 

information have revealed that the area has the capacity to support 82 

bird species, 22 native and 6 introduced mammals, 11 amphibians and 23 

reptile species. Many of these have already been recorded either in 

this field survey or in surveys preceding the adjacent BGM project. 

When the fauna list is arranged into habitat assemblages, it is found 

that the lower levels of the landscape contain a greater number and 

diversity of species than the upper levels. This is in accordance with 

the many fauna studies conducted in other parts of the Darling Range. 

The transitional nature of the veqetation also means that fauna 

representative of both the wetter western forests, and the drier wandoo 

habitats are present. 

Seven gazetted "rare, or otherwise in need of special protection" fauna 

species were considered to be possible inhabitants of the Hedges Gold 

Project area. These are listed in Table 2, together with information on 

distribution, conservation status and habitat requirements. None of 

these has yet been recorded in the actual project area, although the 

Red-eared Firetail Finch, Carpet Snake and Chuditch have been noted in 

the adjoining BGM project area. All seven species have been recorded in 

existing conservation reserves. As shown in Table 2, some are 

relatively widespread eg. Chuditch and Carpet Snake, while others eg. 

Ctenotus delli, have restricted geographic ranges and their status is 

not well known. Information from a number of studies suggests that the 

Hedges Gold Project area is not a vital remnant habitat for any of these 

species. 

Four other species : the Rufous Treecreeper, Brush-tailed Phascogale, 

Southern Brown Bandicoot and Brush-tailed Possum, are either uncommon or 

have specialised habitat requirements in the region. These also need to 

be considered in environmental management programmes. 



TABLE 2 : Rare fauna species possibly occurring in Hedges 
forest block. A key to status codes is given below. 

Peregrine Falcon 
Falco peregrinus 

Crested Shrike-tit 

Comments 

If present, would be affected locally 
if valley vegetation was cleared. 

Probably present but home range size 
of 1 km 2  or greater mean that few 
animals would be affected. 

Common in other areas of the 
forest. 

Could be locally affected by valley 
clearing, if present. Has been 
recorded in revegetated bauxite 
minesites further west. 

Fairly common in jarrah forest. 
Could be locally affected by clearing 
but has been recorded in revegetated 
bauxite minesites. 

Species 	 Status 	 Habitat 

Numbat Myrmecobius 	 C 	 Primarily wandoo woodland 
fasciatus 
	

(types M, ?X) 

Chuditch Dasyurus 	 C 	 All vegetation types but more 
geoffroii 
	

common on ridge. 

Red-eared Firetail 
	

C 	 Stream zones 
Eniblema oculata 
	

(Types X, Y, A, G, ?D,?W) 

A skirik Ctenotus delli 
	

E 	 Laterite areas and clays in damper 
valleys (Types, X, Y, A, G, ?D, ?W) 

Carpet Python 	 J 	 Most, appears to prefer rocky 
Morelia spilota imbricata 	 ridges, heaths and stream zones. 

J 	 All 	 Not likely to be present or 
affected. 

C 	 Wandoo and flooded gum 	 If present, would be locally 
woodlands (types X, Y, M) 	 affected by clearing of valley 

vegetation. 

Key to status 

C 	= 	species with a considerably reduced range since European settlement. 

J 	= 	in need of special protection 

E 	= 	species with a very restricted geographic range. 
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The general conclusions of the fauna studies were that the likely 

presence of a number of rare species needs to be considered. To protect 

the optimal fauna habitat within the area, development should minimise 

impacts on areas possessing dieback free vegetation communities 

associated with or adjacent to stream zones, such as Site Types X, Y, L, 

A, D, G (refer to Flora section and Fig. 10). 

Invertebrates 

Invertebrate fauna studies have not been conducted in the immediate 

Hedges Project Area, but detailed studies have been carried out at Mt. 

Saddleback (20 km SE), Del Park (31 km W), as well as detailed 

invertebrate ecology studies at Plavins block (18 km W). Ongoing 

studies are being conducted at the adjacent BGM. 

The published information provides detailed knowledge of invertebrate 

responses to stresses such as fire and diebac induced vegetation 

changes. Also, a considerable amount of information on invertebrate 

recolonisation following bauxite mining is available. Alcoa has 

developed rehabilitation techniques which are known to promote 

invertebrate return (Nichols and Bunn 1980, Nichols and Burrows 1984). 

The habitat information recorded in the Worsley studies correlates 

invertebrate fauna with site vegetation types and other parameters, and 

can act as a useful predictive model for local invertebrate ecology. 

For example, heath vegetation would be typical of early rehabilitation 

in the Hedges area, and possibly similar to longer term vegetation on 

residue impoundments. Existing information on invertebrate fauna of 

heath vegetation in, Worsley Alumina's study sites at Mt. Saddleback 

should prove useful in evaluating rehabilitation trends at Hedges. 

Aquatic fauna 

34 Mile Brook is only seasonal and flows for perhaps 3 or 4 months of 

the year. The same is true for the streams on the Worsley Timber Co. 

property. During flows, the streams probably support up to four native 

fish species (Western Galaxias Galaxias occidentalis, Freshwater cobbler 

Tandanus bostocki, Nightfish Bostockia porosa and Western Pygmy Perch 
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Edelia vittata) and three introduced species (Rainbow Trout Salmo 

gairdneri, Redf in Perch Perca fluviatilis and Mosquito Fish Gambusia 

affinis). 

Aquatic invertebrate fauna species lists are not yet available for the 

area, but extensive studies have been carried out further west (Bunn 

1985). These have shown an unexpectedly high diversity of aquatic 

invertebrate species. However, because of the ephemeral nature of 

streams in the Hedges Gold Project area, it is likely that the streams 

support a lower diversity of invertebrate fauna. Community sampling 

data from the University of W.A. Department of Zoology will also be 

analysed and used to modify environmental management or monitoring 

programmes if necessary. 

6.7 Social Environment 

The Hedges Gold Project minesite is situated in State Forest and only 

adjoins private property on the east (Bunning Bros.) and south (Worsley 

Timber Co.). The nearest permanent residences to the mine are 6 km to 

the north-east, and farm houses to the south-east. The nearest 

residence to the plant and tailings facilities of Option 3 is about 3 

km. 

Private land uses are predominantly timber production (Bunning Bros. 

land), and grazing and cropping on farms to the south and east. 

The Shire of Boddington currently has a population of about 800, of 

which approximately half reside in the town. Most occupations are 

related to the areas agricultural activities or the Worsley Alumina Pty. 

Ltd. bauxite mining project. The Boddington Gold Mine ERMP predicted a 

median increased population projection of 435 people and 129 dwellings 

when that mine commenced operation. However, the actual number of new 

residents attracted by the BGM project is lower than that figure, and 

around 200. 
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6.8 Archaeological Investigations 

The Hedges Gold Project area was surveyed for Aboriginal sites in May 

and September 1987. Broad scale surveying was carried out over the 

whole area, and more intense surveys in areas likely to be directly 

affected (eg. minesite and plantsites) and streamzones, where previous 

Aboriginal use was most likely. 

Two small sites were found in the area. These consisted of quartz and 

dolerite items. It appears that the sites represent residues discarded 

by aborigines. It is considered that both these pieces and other 

isolated quartz pieces found in the survey have little value or 

significance for traditional or scientific purposes. There has been 

considerable disturbance to the two sites and the general area by past 

timber cutting operations. 

The study, like the adjacent BGM archeological survey, supports the 

general concept of sparser distribution of stone items and sites in 

upland areas and/or areas lacking permanent surface water supplies. 

Both studies suggest only infrequent, transient use of the area. 

A report on the archaeological investigations will be submitted to the 

W.A. Department of Aboriginal Sites. 

Ethnographic investigations carried out both for the BGM project and 

this study revealed no specific details of traditional usage of the 

Hedges Gold Project Area. The data from surveys is therefore only 

assessable by archaeological means. 
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7. ENVIRONMENTAL IMPACTS AND ENVIRONMENTAL MANAGEMENT PROGRAMMES 

7.1 Summary 

Both Alcoa and WAJV have carried out extensive studies on the impacts 

and management of environmental effects associated with gold mining and 

processing operations. The considerable amount of data obtained from 

Alcoas feasibility studies and the BGM project experience, has enabled 

a reliable assessment to be made of likely impacts. From this 

assessment, a detailed environmental management programme has been 

developed. This programme will reduce impacts on the surrounding 

environment and communities to an acceptable level, concomitant with the 

scale and location of the project. 

The Hedges Gold Project will occupy a total area of about 340 ha, of 

which 150 ha will be in State Forest. Most of the area can be 

rehabilitated to a productive land use after project completion. 

The project is situated in a catchment of the Hotham River, which flows 

into the Murray. Due to extensive clearing for agriculture, stream 

salinisation has occurred and has greatly reduced the value of the 

system as a potential fresh water source. The mining operation is 

located on a tributary of 34 Mile Brook, which has been dammed 

downstream for the BGM project. Calculations have shown that the Hedges 

Gold Project is unlikely to have any significant additional or 

cumulative impact on the long term fresh water potential of this 

reservoir. Careful attention to drainage control before, during and 

after the project will minimise the amount of turbid water entering 34 

Mile Brook and the BGM reservoir. 

The processing plant and tailings dam are situated on a different 

tributary of 34 Mile Brook, and are not upstream of the BGM reservoir. 

They are in a small catchment and will have minimal effect on Hotham 

River water flows. The whole process plant/tailings dam/water supply 

reservoir complex is being carefully designed to minimise the risk of 

short or long term effects on the quality of water released downstream. 
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Tailings from the gold-processing plant will be stored in the nearby 

tailings reservoir, which will eliminate the need for a long tailings 

pipeline. Careful assessment has led to the conclusion that an 

effective short and long-term tailings management system can be 

developed, based on: 

- 	relatively low levels of potential pollutants; 

- 	location of tailings in the headwaters of a small catchment, 

which will result in very little water inflow; 

- 	recycling of decant water to the process plant; 

- 	low permeability of tailings, reservoir wall and basement 

materials; 

- an effective network of monitoring bores, to detect 

pollutants; and the capacity to establish recovery bores 

should pollutants be detected; 

- a commitment to notify downstream users and Government 

authorities of any release of pollutants into streams; and a 

commitment to control and/or remove any pollutant released, to 

the satisfaction of State Government authorities; 

- 	the establishment of an underdrain network to facilitate 

recycling of pollutants and reduce hydrostatic pressures and 

hence seepage from the tailings reservoir base; 

- 	the development of a i.orig term tailings rehabilitation plan; 

- 	monitoring of waterfowl landings, and establishment of a 

waterfowl deterrent system if necessary; fencing tailings dam 

to exclude stock and non-avian wildlife, until dam is deemed 

safe. 

- co-operative studies with WAJV on residual cyanide in 

tailings, or separate studies on this aspect of tailings 

management, including surveys of the status of cyanide in the 

tailings after the first 12 months of operations. 

Floral and faunal studies have shown that the project is unlikely to 

have any detrimental effect on communities or species which are not well 

represented elsewhere. Plant site vegetation types occurring in the 

Hedges Project Area and likely to be affected by the project are only a 

very small proportion of those represented in existing conservation 

areas, and more extensively in State Forest. No gazetted rare plants 
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occur in the area. Some less common species have been found, but most 

of these have also been located in conservation reserves. The 

rehabilitation programme will be designed to re-establish vegetation 

communities, which will include less common species, where feasible and 

where jointly agreed with CALM. 

Detailed investigations have revealed no important Aboriginal sites. 

Impacts of the project on existing land uses will be small. Timber 

yields have been assessed and the area is not a highly productive site, 

so disruption to logging will be minor. Recreation use is not 

extensive, due to DRA restrictions and the lack of fresh water. 

Disruption to recreation activities will only be small. Rehabilitation 

programmes will partially restore these small losses in timber and 

recreation values. 

on private land, any clearing required will only take place on forested 

land which has been heavily logged. Loss of timber values will 

therefore be small, and disruption to agricultural practices minimal. 

Revegetation programmes will further reduce the long term impacts of the 

project. These will be developed following joint discussions with CALM 

and, in the case of Worsley Timber Co. land, the private landowner. The 

only permanent structure remaining after the project will be the altered 

landforms of the mine pit, the tailings and water supply reservoirs, and 

the power line (assuming SECWA retain it). 

Dieback management will play an important part in both the construction 

and operating phases of the project, and Alcoa's extensive experience 

gained through the management of dieback disease in the Company's 

bauxite mining operations will prove invaluable. Location of the haul 

road has been selected to ensure minimal risk of downslope dieback 

spread. Detailed education programmes for Alcoa and contractor 

workforces, plus enforcement of dieback management guidelines will help 

ensure that the spread of dieback is kept to an absolute minimum. 

Atmospheric emissions and noise from the Hedges Gold Project are readily 

controllable using existing technology and experience developed at 
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Alcoa's bauxite mining and refining operations. Most attention will be 

directed towards dust control. Fuel burning from LPG fired heaters will 

have negligible impacts on biological systems. Hazardous chemicals (eg. 

sodium cyanide and acids) will be used in the processing plant. 

Appropriate workforce education, storage and handling procedures will be 

used to ensure workforce safety and minimise risk of release of 

pollutants. Siting the plant entirely in the catchment of the tailings 

reservoir, together with appropriate bunding, sealing and containment 

strategies will ensure pollutants are not released to the broader 

environment. 

The project will employ a construction workforce of about 95 (ranging 

from 60-120), and an ongoing workforce of 80. It is anticipated that 

these will live in the Shire of Boddington, Murray and Mandurah. Since 

the numbers of BGM employees living in Boddington are lower than 

predicted in the BGM ERMP, the social impacts of the Hedges Gold Project 

on Boddington will be small, and will be more than offset by the 

substantial local economic benefits gained through purchase of materials 

and services, and the provision of employment. 

In summary, detailed investigations have shown that the Hedges sold 

Project will have potential environmental impacts which are either 

minor, or readily manageable using available technology and experience. 

The extensive environmental management commitments which will be 

undertaken by Alcoa for the Project are summarised in Appendix 2. 



7.2 Land Uses 

Impacts 

Within State Forest, the potential impacts of the following on logging 

activities will need to be assessed 

- 	a temporary disruption to access, due to construction and 

operation of the haul road; 

- 	a loss of millable timber from much of the mine pit area 

itself (100 ha) - in the deeper sections of the pit, the loss 

may be permanent; 

- 	the waste stockpile area (32 ha); and 

- 	a loss of timber due to any dieback spread caused by the 

project (maximum "at risk" area of about 80 ha), although 

dieback affected areas will be rehabilitated. 

The disruption to access caused by the haul road will depend on the 

timing of logging operations. Discussions with CALM revealed that no 

logging is planned for the duration of the project, so restriction of 

access will not be a problem. 

The area has relatively low potential for timber production. This, and 

the small area involved (132 ha for minesite and waste stockpiles) means 

that impacts on timber resources will be minor. It should be possible 

to re-establish millable timber on most of this area, except for deeper 

parts of the pit. Temporary structures such as the haul road can be 

rehabilitated. 

Dieback spread will be minimised due to the detailed planning and 

stringent dieback management techniques applied (Section 7.8). 

The area receives little recreation use (Section 6.3). Access for 

recreation during the project will be further restricted according to 

Mines Department safety regulations. Permanent structures, eg. mine and 

waste stockpiles will have a small, local impact on recreation values. 



The visibility of the project from Mt. Wells will depend on two factors 

the amount of land cleared for the project, and the presence of sight 

lines from Mt. Wells. Visibility is currently low because Mt. Wells has 

a relatively good tree cover. The area of the mine pit visible will be 

small (since most of the pit is on the south side of a ridge line-Fig 

5), and temporary (until it is rehabilitated). The minepit is over 4 kin 

from Mt. Wells, and numerous cleared farms are visible further to the 

SE. on this basis it can be concluded therefore from the above 

assessment that the visual impacts of the project, as perceived from Mt. 

Wells, will be minor. 

The proposed Bibbulmun track re-alignment will pass in a south-westerly 

direction from Mt. Wells. Potential impacts of the Hedges Gold Project 

which will have to be considered, include visual and noise impacts, and 

safety considerations. 

At this stage, the final location of the track can be selected to 

minimise these impacts by using normal route selection criteria. These 

aim to enhance bushwalker experiences and minimise conflicts with other 

existing or planned land uses. 

Effects of the project on conservation values and water catchment 

protection, and management of these effects are discussed in Sections 

7.5 and 7.3 respectively. 

The impact of the Hedges Gold Project on Alcoa's future bauxite mining 

activities will be negligible since it is estimated that the amount of 

bauxite foregone will be less than 5 million tonnes and the deposit is 

remote from existing operations. 

The impact on private land depends partly on the landowners long term 

plans for the site. The residue impoundment and water supply reservoir 

will be the only permanent structures. Other infrastructure can be 

dismantled and the land returned to either a forestry or agricultural 

land use. 
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Management 

Although the overall impacts of the project on other land uses will be 

small, there are several actions which Alcoa will take to further reduce 

these impacts. The haul road alignment will be rehabilitated after the 

project is completed. The mine and waste stockpile will also be 

rehabilitated, after extensive planning and agreement with relevant 

State Government authorities. 	Existing land uses (including catchment 

protection, timber production, recreation and conservation) will be 

considered. Any dieback affected areas adjacent to the haul road, 

minepit or waste stockpile will be rehabilitated according to the 

requirements of CALM. If feasible, and if requested by Government, 

timber stands will be re-established on suitable areas. Otherwise 

stabilising vegetation communities compatible with the surrounding 

vegetation will be established. The Bibbulmun Track route is being 

discussed with CALM, and a route will be selected which will minimise 

impacts of the Hedges Gold Project on track users. 

Rehabilitation of non-permanent structures on private land will depend 

on the private landowners desires. Long term land use and State 

Government regulations will also be taken into account. Both forestry 

and clearing for agriculture would be possible on this site. 

The tailings impoundment will be rehabilitated and monitored until there 

is deemed to be no further risk to the surrounding environment (Section 

7.4). The water supply reservoir will be retained if it serves a useful 

long term purpose. 

7.3 Regional Water Resources 

General 

The potential impacts of the Hedges Gold Project on the water resources 

of the region are 

- 	discharge of saline and/or turbid water from the mine and haul road 

into the 34 Mile Brook Water Supply Reservoir; 
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- 	effects of the plant site, tailings dam and water supply dam on the 

quantity and quality of water in the lower reaches of 34 Mile Brook 

and the Hotham River; 

- 	altered flows due to the extraction of water from the Hothain River. 

Each of these impacts will be discussed in the following sections and a 

hydrological management and monitoring programme, designed to eliminate 

or reduce impacts, will be presented. 

Impacts of Mine and Haul Road on 34 Mile Brook Water Supply Reservoir 

The Water Authority of Western Australia and Worsley Alumina Pty. Ltd. 

carried out an extensive analysis of the likely impact BGM project 

clearing operations would have on streamf lows and salinities entering 

the 34 Mile Brook water supply reservoir (Appendix B of BGM EM?, April 

1987). The report included data on pre-project streamf low and salinity 

levels, estimations of soil salt storages within the orebody based on 29 

boreholes, and modelling of the likely salt and water yield increases 

from the cleared areas. The Hedges Project orebody is a geological 

extension of the BGM. It is reasonable to assume therefore, that 

similar geomorphological conditions (ie. salt storages, soil 

permeabilities, etc.) prevail and that a meaningful analysis of the 

possible impact of the Hedges Gold Project can be done using the data, 

relationships and models presented in the BGM report. 

The predictions of impact on stream flow and salinity were presented by 

BGM for areas of clearing of 200, 300 and 600 ha (see Table 3, 4 and 5) 

The reason for presenting the prediction on an area related basis was to 

allow assessment of the effect of progressive clearing and 

rehabilitation. For the purposes of the Hedges Gold Project impact 

assessment, a total clearing of 154 ha (see Table 6) in the 34 Mile 

Brook Water Supply Reservoir Catchment was added onto the 200 and 600 ha 

cleared areas for the BGM (see Tables 7 and 8). This was done to ensure 

that the cumulative effects of any possible development outcomes could 

be estimated. 
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TABLE 3 : 	Predictions for 200 hectares of clearing by BGM (smallest 
disturbance). The Probability Values for Annual Stream 
Discharge should be interpreted as follows: for column 1 
(ie. 10%), 1 year in 10 will have lower water flows (than 
270 Ml) and salt discharges (than 130 tonnes) and higher 
salinity (than 470 mg/l) than the values stated in the 
table. Note that the "mean flow" refers to the weighted 
average. 

Probability Values for Annual Stream Discharges 
10% 50% 74% (mean 

flow) 
90% 

INITIAL DISCHARGE (when forested) 

Water (Ml) 270 1400 3000 6900 
Salt (tonnes) 130 310 480 760 
Salinity (mg/l TSS) 470 220 160 110 

ADDITIONAL DISCHARGE (following clearing) 

Water (Ml) 120 200 210 320 
Salt (tonnes) 500 510 510 530 
Salinity (mg/l TSS) 4170 2550 2430 1660 

FINAL (Sum of the initial and additional water and salt loads) 

Water (Ml) 	 390 	 1600 	3210 	7220 
Salt (tonnes) 	 630 	 820 	 990 	1290 
Salinity (mg/l TSS) 	1620 	 510 	 310 	 180 

Increase in 
Salinity (mg/l TSS) 	1150 	 290 	 150 	 70 
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TABLE 4 : Predictions for 300 hectares of clearing by BGM 

Probability Values for Annual Stream Discharges 
10% 50% 74% 90% 

(mean flow) 

INITIAL DISCHARGE (when forested) 

Water (Ml) 270 1400 3000 6900 
Salt (tonnes) 130 310 480 760 
Salinity (mg/l TSS) 470 220 160 110 

ADDITIONAL DISCHARGE (following clearing) 

Water (Ml) 180 300 320 480 
Salt (tonnes) 750 770 770 790 
Salinity (mg/l TSS) 4170 2570 2410 1650 

FINAL (Sum of the initial and additional water and salt loads) 

Water (Ml) 450 1700 3320 7380 
Salt (tonnes) 880 1080 1250 1460 
Salinity (mg/l TSS) 1960 640 380 200 

Increase in 
Salinity (mg/l TSS) 1490 420 220 90 

TABLE 5 : Predictions for 600 hectares (worst case) of clearing 
by BGM. 

Probability Values for Annual Stream Discharges 
10% 50% 74% 90% 

(mean flow) 

INITIAL DISCHARGE (when forested) 

Water (Ml) 270 1400 3000 690 
Salt (tonnes) 130 310 480 760 
Salinity (mg/l) 470 220 160 110 

ADDITIONAL DISCHARGE (following clearing) 

Water (Ml) 360 600 630 960 
Salt (tonnes) 1500 1530 1530 1590 
Salinity (mg/l TSS) 4170 2550 2430 1660 

FINAL (Sum of the initial and additional water and salt loads) 

Water (Ml) 630 2000 3630 7500 
Salt (tonnes) 1630 1840 2010 2260 
Salinity (mg/l TSS) 2590 920 550 300 

Increase in 
Salinity (mg/l TSS) 2120 700 390 190 



65 

TABLE 6 : 	Estimates of clearing for Hedges 

Project in 34 Mile Brook Water Supply 

Reservoir. 

I tern 	 Area of Clearing (ha) 

Orebody with 20% overclearing 	 100 

Low grade ore and waste stockpiles 	 32 

Haul road (6.5 km x 35 m) 	 22 

Total 
	

154 

As well as the potential salt load from clearing, another salt load that 

has to be considered is that due to haul road watering. It has been 

estimated that over the full summer period, a total of 0.75 m depth of 

water will be placed on the haul road for dust suppression. With a haul 

road length of 6.5 km and a formation width of 18 rn the projected water 

requirement will be 88 Mi/a. If it is assumed that the salinity of this 

water is 3,500 mg/i, then it can be estimated that 310 t/a of salt will 

be deposited on the haul road. Most of this will be flushed by winter 

rains through the road drainage system and eventually find its way to 34 

Mile Brook. It should be noted that any increased salinity due to haul 

road watering will only occur while the haul road is being actively 

used. Haul road life is currently estimated to be five years. 



TABLE 7: Predictions for 200 ha of clearing by BGM and 
154 ha of clearing by Hedges Gold Project (smallest 
disturbance). 

Probability Values for Annual Stream Discharges 
10% 	 50% 	 74% 	90% 

(mean flow) 

INITIAL DISCHARGE (when forested) 

Water (Ml) 270 1400 3000 6900 
Salt (tonnes) 130 310 480 760 
Salinity (mg/l TSS) 470 220 160 110 

ADDITIONAL DISCHARGE (following clearing) 

Water (Ml) 210 350 380 570 
Salt 	(tonnes) 880 900 910 930 
Salinity (mg/l TSS) 4190 2570 2390 1630 

FINAL (Sum of the initial and additional water and salt loads) 

Water (Ml) 480 1750 3380 7470 
Salt (tonnes) 1010 1210 1390 1690 
Salinity (mg/l TSS) 2100 690 410 230 

Increase in 
Salinity (mg/l TSS) 1630 470 250 120 

TABLE 8 : Predictions for 600 ha of clearing by BGM and 154 ha of 
clearing by Hedges Gold Project (worst case) 

Probability Values for Annual Stream Discharges 
10% 50% 74% 90% 

(mean flow) 

INITIAL DISCHARGE (when forested) 

Water (Ml) 270 1400 3000 6900 
Salt (tonnes) 130 310 480 760 
Salinity (mg/l TSS) 470 220 160 110 

ADDITIONAL DISCHARGE (following clearing) 

Water (Ml) 450 750 810 1210 
Salt (tonnes) 1880 1920 1930 1990 
Salinity (mg/i TSS) 2790 1040 630 340 

FINAL (Sum of the initial and additional water and salt loads) 

Water (Ml) 720 2150 3810 8110 
Salt 	(tonnes) 2010 2230 2410 2750 
Salinity 	(mg/l TSS) 2790 1040 630 340 

Increase in 
Salinity 	(mg/l TSS) 2320 820 470 230 
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It can be seen from a comparison of Tables 3 and 7 that for the case 

where BGM only has 200 ha cleared, additional clearing for the Hedges 

Gold Project could cause a two-thirds increase in mean flow stream 

salinity. For the worst case where BGM has 600 ha cleared (compare 

Tables 4 and 8) , additional clearing for the Hedges Gold Project 

increases mean flow salinity by 20%. The increases due to clearing for 

the Hedges Gold Project area are considered to be "worst possible case" 

values. Revegetation of the cleared areas is expected to largely 

restore the original water balance and should cause the groundwater 

discharges to cease or at least greatly reduce. Previous experience 

indicates that this could take between 5 and 15 years after 

revegetation. Also given the conservative nature of the calculations, 

it is likely that stream salinities in 34 Mile Brook will be 

significantly less than those predicted. Further, it should be noted 

that the majority of the water in the reservoir comes not from 

streamf low from 34 Mile Brook but rather from the Hothain River via BGM's 

pumping facility. The long term flow weighted average TSS for the 

Hotham River is 3,400 mg/l which is much higher (over 7 times) the worst 

case mean flow salinity (Table 8) resulting from the combined BGM and 

Hedges projects. 

The other potential impact of the Hedges Gold Project on 34 Mile Brook 

is from sediment in the runoff from the minepit and haul road. For the 

minepit, it is proposed that a combination of pipes and channels will 

feed water to a surge sump. The water will then be pumped from the pit 

to a settling pond sized to settle 5 pm particles under the constant 

flow conditions provided by the pump. The surge sump supplying the pump 

will enable significant pre settling of material prior to the water 

being transferred to the settling ponds. This will increase the 

efficiency of the system. 

Overflow from the settling ponds will contain some material less than 5 

pm in diameter. This overflow will be directed to the stream zone and 

it is reasonable to expect that stream vegetation will provide 

additional filtering prior to the water reaching the 34 Mile Brook Water 

Supply Reservoir. Experience elsewhere would indicate that up to 95% of 

the fine solids will be removed in this way. 



An estimate of the maximum amount of sediment that could leave the 

sediment ponds can be made by assuming the whole mine pit is cleared and 

discharging sediment. If the active area is taken as 10% of the 132 ha 

(100 ha for mine pit and 32 ha for stockpiles : TaiDle 6) and it 

discharges sediment at 0.1 g/l and the rest of the mine areas discharge 

at 0.01 g/l then the maximum sediment to enter the primary settling 

surge sump would be 21 t/a. A reasonable estimate for the percentage of 

material less than 5 jini would be 10% so the maximum discharge into the 

stream zone would be 2.1 t/a. 

For the haul roads, a number of systems each comprising a surge sump and 

a settling pond will be used. The system will be sized to remove 30 urn 

particles. Similar calculations to those for the minepit system can be 

made for sediment loss from the haul road. For each kilometre of road 

length with an active formation width of 18 m discharging at 0.1 g/l, 

there could be up to 1.5 t/km per annum of sediment entering the 

roadside sumps. For a particle sizing distribution estimate of 50% less 

than 30 urn there would be 750 kg of soil lost annually per kilometre of 

road length. Alcoa's previous experience indicates that most of this 

material should be trapped by the stream zone vegetation and would not 

reach the reservoir. 

The total sediment runoff from the minepit and haul road should not 

exceed 7 t/a. of this, less then 500 kg/a is expected to reach the 

reservoir. This will have no significant impact on water quality. It is 

estimated that the turbidity of the BGM reservoir would be raised by 

less than 1 NTU, which by normal water quality criteria is considered to 

be negligible. 

Impact of the Water Storage Reservoir, Tailings Dam and Plant Site 

The water storage dam will be located totally on cleared private land on 

Long Gully Creek just east of the State Forest boundary. The catchment 

area upstream of the dam is 810 hectares and is mainly within State 

Forest. This catchment area represents less than 0.2% of the Hotham 

River catchment area (above the Marradong Road bridge). 	The tailings 

dam will be totally located on private land (Murray Location 703) and 
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constructed across the valley of a small tributary which joins 34 Mile 

Brook just upstream of its confluence with the Hotham River. The total 

catchment area affected is only 340 ha which is less than 3% of the 34 

Mile Brook catchment area or less than 0.1% of the Hotham River 

catchment area (above the Marradong Road bridge). The water storage dam 

should therefore not have a significant impact on 34 Mile Brook and the 

Hotham River in terms of water yield. 

The tailings dam and plant site is totally contained within the 

catchment of the tailings dam. This should ensure that any contaminated 

runoff and/or spillage from processing facilities or pipelines are fully 

contained. A monitoring programme (see section on Hydrological 

Monitoring) has been proposed to ensure that this occurs. 

Construction of the first stage of the tailings dam will be carried out 

during the summer months and all subsequent runoff from the upstream 

plant site construction will be contained within it. The dam wall will 

only be visible from the adjacent cleared farming property downstream. 

The face of the water storage dam and any other construction areas will 

be protected prior to winter to avoid soil erosion. Clearing of 

vegetation below the dam will be minimised and the downstream face will 

be revegetated to reduce visual impact. 

Impact of Withdrawal of Water from Hotham River and Proposals for its 

Management 

The withdrawal of the annual project water requirement of 2 x 10 6 m3  

from the Hotham River during the winter high flow period will not have a 

significant impact on the rivers flow regime or salinity as it 

represents a relatively small percentage of the total flow of the river. 

The combined withdrawals of the BGM and the Hedges Gold Project would 

only have a noticeable effect on winter flows at the Marradong Road 

bridge during dry winters. 	However, flows during the remainder of the 

year and during average years will not be affected. The combined annual 

extraction of water from the Hotham River for both gold projects 

(assuming 4000 Ml for BGM and 2000 Ml for Hedges) represents only 5.5% 

of the average annual flow of 109,000 Ml and 35% of the recorded minimum 
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annual flow of 17,000 Ml (1979) (see Section 5.6 for details). These 

amounts would not be sufficient to affect the recreation use of the 

Hotham River. 

The minimum flow requirement of 342 Kl/hr at the Marradong Road bridge 

stipulated in the BGM withdrawal licence will be maintained during the 

Hedges Gold Project by daily observance of the water level at the 

gauging weir. Water will only be pumped for the Hedges Gold Project 

when the flow is sufficient to allow withdrawal of the 1000 - 2000 Kl/hr 

while maintaining the required minimum flow. The location of the Hedges 

intake downstream of the BGM intake simplifies the management of 

withdrawal. 

The location of the pump station on the west bank of the river will 

result in the temporary disturbance of a small area (less than 1 ha) of 

riverside vegetation. Disturbance to the river bank and bed will be 

minimised to reduce erosion potential. Some tree removal may be 

necessary. However, the presence of a dense thicket of paperbark trees 

will limit visibility of the facilities. 

Considering the close proximity to the existing BGM pumping station, the 

lack of nearby residences and the short pump operating period, the noise 

produced by the pumps will not have a significant impact. 	Even so, 

equipment specifications will include a noise limit, and noise can be 

further reduced at a later date by installing a noise reducing enclosure 

if necessary. Appropriate noise control standards for rural areas will 

be met. 

Hydrological monitoring 

A streamf low monitoring programme was initiated in early July 1987 to 

establish background water quality data for streams in the Hedges area. 

It covers all the proposed plant site, water supply and tailings 

disposal options. Fig.11 shows the location of the stream monitoring 

points. Details of the initial monitoring programme are given below. 

This initial programme will be followed until the streams cease to flow 

towards the end of 1987. 

o 	Detailed points - monitored every 2 weeks for electrical 

conductivity, pH, turbidity and flow rate 

estimate. 
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- every 2 months an additional sample will be 

collected and will have a comprehensive 

chemical analysis carried out (parameters 

analysed are shown in Table 9). 

Monthly points - monitored every month for electrical 

conductivity, pH, turbidity and estimated flow 

rate. 

Minor points 	- monitored intermittently for electrical 

conductivity, pH, turbidity and flow rate 

estimate, after significant rain. 	Note that 

these points are located on the smaller 

intermittent streams. 

Figure 12 shows the Total soluble salts (TSS) concentrations for the 2 

and 3 September 1987. These TSS have been calculated from electrical 

conductivities (EC mCm 1) using equations derived by the Water Authority 

of Western Australia (R. Stokes and G. May, pers comm.): viz 

TSS = 5.073 EC + 10.1 (lO.cEC < 261) 

TSS = 5.889 EC - 203 (261'EC4000) 

Insufficient data have been collected for comment at this stage. 	This 

preliminary streamfiow monitoring programme will be rationalised from 

the beginning of 1988. Details of this rationalised programme are given 

in Table 10 and the location of the monitoring points are shown on 

Figure 13. The frequency of monitoring for the 1988 winter will be as 

shown in Table 10 but will be reviewed in late 1988 based on the 1988 

sampling results. Any changes to the monitoring programme will only be 

made after discussions with the Water Authority of W.A. 

It should be noted that the Water Authority of Western Australia 

currently operates a stream gauging station for EGM at a site upstream 

of Alcoa's proposed minesite and during the 1987/1988 summer will 

install a second stream gauging station located immediately 
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upstream of BGM's water storage dam. 	These monitoring stations will 

assist the Water Authority in assessing water flow and quality upstream 

and downstream of the Hedges Gold Project minesite. 

Possible impacts that the Hedges project may have on stream water 

quality are changes in chloride ion, pH, turbidity, cyanide (free and 

total) and TSS concentrations. The routine chemical analyses (EC, pH 

and turbidity) will provide a basis for the detection of any unnatural 

changes in stream water quality. If a change is suspected more detailed 

chemical analysis can be carried out. 

The comprehensive chemical analyses carried out will initially be for 

all the parameters listed in Table 9. These will provide background 

chemical composition of the stream waters in the region. The number of 

parameters to be analysed will be reviewed after the 1988 winter and 

will most likely be reduced to chloride, cyanide (free and total), 

magnesium, sodium, iron, copper, TDS, carbonate, bicarbonate and 

sulphate. As with the locality of sampling points, any changes will 

only be made after discussions with the Water Authority of W.A. All 

water quality monitoring data will be reported to the Water Authority. 
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TABLE 9 	Stream Water Quality 	Comprehensive Chemical 

Analysis Parameters 

Total Hardness 

Electrical conductivity (and temperature) 

pH 

Total dissolved solids (by evaporation) 

Chloride Cl 

Sulphate SO4  

Nitrate NO3  

Silica Si02  

Bicarbonate HCO 

Carbonate CO3  

Cyanide CN (free and total) 

Sodium Na 

Potassium K 

Calcium Ca 

Magnesium Mg 

Iron Fe 

Arsenic As 

Mercury Hg 

Aluminium Al 



TABLE 10 : 	Stream Monitoring Programme from First Flows 1988 

POINT NO. 	MONITORING 	 PARAMETERS 	 COMMENTS 
(FIG. 11) 	FRE9UENCY 	 MONITORED 

TF 01 Monthly EC, pH, TURB, FRE 

TF 02 Delete 

TF 03 Weekly EC, pH, TURB, FRE 
Every 3 months Comprehensive analysis 

TF 04 Delete 

TF 05 Monthly EC, pH, TURB, FRE 

TF 06 Delete 

TF 07 Monthly EC, pH, TURB, FRE 

TF 08 Delete 

TF 09 Weekly EC, pH, TURB, FRE 	) Very intermittent flows. 	Monitor weekly or after 
storm events when flowing to monitor effects of 

TF 10 Weekly EC, pH, TURB, FRE 	) haul road watering on stream salinity and turbidity. 

TF 11 Weekly EC, pH, TURB, FLOW Samples to be taken at gauging weir operated by 
Every 3 months Comprehensive analysis WAWA for BGM. 

TF 12 Monthly EC, pH, TURB, FRE 

TF 13 Delete 

PARAMETERS 	EC 	- Electrical conductivity 
TURB - Turbidity 
FRE 	- Flowrate estimate 



TF 20 Delete 

TF 21 Delete 

TF 22 Delete 

TF 23 Monthly 

TF 24 Weekly 
Every 3 months 

EC, pH, TURB, FRE 

EC, pH, TURB FLOW 
Comprehensive analysis 

TF 25 	 Weekly 	 EC, pH, TURB, LEVEL 
Every 3 months 	Comprehensive analysis 

PARAMETERS : EC 	- Electrical conductivity 
TURB - Turbidity 
FRE 	- Flowrate estimate 

TABLE 10 	Cont'd 

POINT NO. 	MONITORING 
(FIG. 11) 	FREQUENCY 

TF 14 Weekly 
Every 3 months 

TF 15 Delete 

TF 16 Monthly 

TF 17 Delete 

TF 18 Monthly 

TF 19 Weekly 
Every 3 months 

PARAMETERS 
MONITORED 

EC, pH, TURB, FRE 

EC, pH, TURB, FRE 

EC, pH, TURB, FRE 

EC, pH, TURB, FLOW 
Comprehensive analysis 

COMMENTS 

Simple concrete weir with staff gauge to be 
constructed. Could be moved upstream to BGM weir 
if permission granted. 

Immediately downstream of water supply dam. 
Simple concrete weir with staff gauge to be 
constructed. 

Water Supply Reservoir 



TABLE 10 	Cont'd 

POINT NO. MONITORING PARAMETERS COMMENTS 
(FIG. 	11) FREQUENCY MONITORED 

HT 01 Daily Staff height (flow rate) 
Monthly EC, pH, TURB, FLOW 

HT 02 Delete 

HT 03 Weekly EC, pH, TURB, FRE 	 At pump site 
Every 3 months Comprehensive analysis 

PARAMETERS EC 	- 	Electrical conductivity 
TURB 	- 	Turbidity 
FRE 	- 	Flowrate estimate 
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7.4 Tailings Management 

Construction Activities 

Clearing of the presently forested area and earthworks for both the 

water and tailings dams will have local impacts on the environment. 

These can potentially include visual impact, noise and dust during 

construction activities, stream turbidity during rainfall runoff, and 

dieback spread by soil transfer or lack of drainage control. 

Management of Activities 

The temporary inconvenience of visual impacts, noise and dust caused by 

construction traffic will be minimised by the relatively remote location 

of the site relative to surrounding housing. The nearest residence is 

over 3 km away and is on the same private holding as the proposed 

facilities. The proposed works will not be visible from any public 

accessways. 	Noise and dust will. be minimised by the inclusion of 

specific conditions in the earthworks documentation to ensure 

construction safety as well as maintenance of environmental quality. 

Soil erosion and stream turbidity impact will be reduced by the location 

of all major earthworks apart from sections of the access roads and 

water supply pipeline within the catchment of the water supply and 

tailings dams. The water supply dam in particular will be constructed 

during summer months, so capturing any upstream runoff. Any exposed 

earthworks, access roads or pipeline routes will be protected prior to 

the winter rains. 

Dieback spread within the forested area will be minimised by adopting 

disease control practices well established by Alcoa for similar 

activities within their bauxite mining operations. These requirements 

will be included in all contract documents and thereby all contractors 

for the Hedges project will be legally bound to comply with them. 

Effect on Downstream Water Quality - (General) 

The tailings impoundment location on private land and outside of the 34 

Mile Brook water supply reservoir catchment reduces any potential 
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adverse impact on downstream water quality. The high salinity levels in 

the Hotham River and absence of any known downstream users further 

decreases the likelihood of adverse impacts. 

Management of Water Quality 

The tailings impoun&ient and water reservoir combination are designated 

to store the maximum probable flood (1:500 yr) so the likelihood of any 

uncontrolled discharge of water contaminated by process chemicals or 

tailings is negligible. Seepage is unlikely to cause significant 

downstream water quality impacts for reasons mentioned in Section 5.5. 

Water bearing foundation zones and any aquifers which may be affected 

will be identified and their hydraulic characteristics defined during 

site investigations. Monitoring bores will be established within these 

zones to monitor any changes in water quality. This monitoring will 

continue for as long as is required following closure of the tailings 

area to ensure that no problems develop. 

It is considered premature to design and implement a system capable of 

recovering groundwater seepage which may be contaminated. Alco&s 

experience indicates that existing monitor bores are seldom suitable for 

conversion to recovery bores. Rather,detection of contamination would 

be followed by more intensive groundwater investigations prior to 

establishing a recovery system. The relatively slow rate of groundwater 

movement allows time for proper field investigations, design and 

installation of recovery systems. This method permits a more efficient 

response to any detected pollution events than would a pre-existing 

recovery bore system. 

Salinity 

The tailings water is expected to have a total dissolved salt level of 

15-20,000 mg/l. These salts will include salts present in the process 

makeup water from the Ilotham River, concentrated by evaporation, and the 

salts added during processing: sodium hydroxide - viscosity modifier 

and sodium cyanide or their reaction products. The most environmentally 

sensitive of these are the cyanide species which are discussed in more 

detail in the following section. 
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The impact of the salinity in the tailings on downstream water quality 

will depend upon a number of factors: the amount and concentration of 

any tailings water seepage ; the flow and salinity of water in the 

receiving stream; natural soil interactions, and seepage evaporation 

which may alter the flux of salts into the receiving water. 

Considering the soil types and geology of the tailings dam site, the 

underdrainage provisions which will combine to minimise seepage 

potential, and the natural hydrology of the valley which indicates only 

minor seepage contribution to streamf low, it is reasonable to conclude 

that the salinity impact on the Hotham River which is already quite 

brackish (daily average dissolved salts of 4,500 mg/l and low flow 

values as high as 10,000 mg/i) will be negligible. 

The stream immediately below the Hedges tailings dam is not used for 

human consumption or irrigation. This is due to the already high 

salinity levels. The projected small increases in salinity which may 

occur are therefore not expected to prevent use for stock watering 

purposes. Likewise stream bed flora and aquatic organisms would have 

adjusted to present salinity levels and are not likely to be affected by 

any small increases. 

Management of Salinity 

Surface water runoff downstream of the dam will also be monitored as 

described in Section 7.3. In addition, groundwater quality immediately 

downstream of the tailings dam will be monitored by a network of monitor 

bores. 

Cyanide 

The increase in gold mining activity in Australia and overseas utilizing 

carbon-in-pulp and leading technology has been followed by a predictable 

increased concern among regulatory bodies and mining companies about 

residual cyanide in tailings deposits, and the effects that it might 

have on the environment. This subject has been explored in detail in a 

number of recent conferences in North America: 'Cyanide and the Gold 
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Mining Industry' : A Technical Seminar in Ottawa, Canada (1981); 

'Cyanide from Mineral Processing', in Salt Lake City, Utah, USA (1983); 

and 'Cyanide and the Environment' in Tucson, Arizona, USA (1984). In 

addition useful recent Australian references include papers by Brooks 

and McGlynn (1987) and Miller et al (1987). Particularly relevant to 

the Hedges Project is material presented by the Worsley Alumina Joint 

Venture Boddington Gold Mine Environmental Management Plan (1987). 

To assist Alcoa in the assessment of this aspect of the Hedges Project, 

the services of Dr. P. Rowley of Dames and Moore, Sydney were utilized. 

In any consideration of the impact of residual cyanide in gold mill 

effluents or tailings several important factors need to be considered: 

The Nature of the Tailings 

The Hedges tailings will be similar to tailings being generated by the 

Boddington Gold Mine as the ore will be mined from the same orebody and 

the processing methodology will be similar. The tailings are expected 

to have chemical characteristics as listed in Table 11. They will have 

residual sodium hydroxide and sodium carbonate which will maintain an 

alkaline pH of around 10 and as a result most of the residual cyanide 

will be present as free cyanide (95%) and a smaller amount as metal 

complexes. The concentration of free cyanide should vary from around 

100-150 ppm in the discharged tailings to around 10-20 ppm in the decant 

pool due to breakdown by volatization, oxidation and hydrolysis. The 

concentration of free cyanide in the water entrapped with the tailings 

solids will lie somewhere between these levels with a gradual decrease 

occurring due to complexation with iron minerals in the tailings and 

adsorption onto fine particle surfaces. The amount of cyanide 

complexing metals in the Boddington process solutions is reported to be 

around 10 ppm (DCE 1987). The most predominant metal ions will result 

in the formation of relatively strong complexes at the expected pH. 



TABLE 11 

At the point of discharge the tailings slurry is predicted to have 

the following properties 

Tailings Slurry Density : 40% Solids ( w/w) 

SG 	 : 1.36 

Total Dissolved Solids 	20,000 ppm 

Total Cyanide 	 100-150 ppm (as CN) 

Metal Cyanide Complexes : 10 ppm 

pH 	 10-10.5 

Sodium Hydroxide 	 40 ppm (as NaOH) 

Molecular Hydrogen Cyanide (HCN) is reported to be much more toxic in 

the aquatic environment than ionic cyanide (CN) (Brooks and McGlynn, 

1987). Free cyanide has high toxicity and levels as low as 0.1 ppm 

would kill sensitive fish species. Cyanide in low doses is readily 

converted to less toxic or non toxic forms by man, animals and plants, 

while large doses result in death. 

The toxicity of metal - cyanide complexes is reported to be less than 

free cyanide, as the toxicity results from the dissociation of free 

cyanide from the complex under different environmental conditions. The 

stability of the various complexes affects their rate of dissociation. 

For instance, zinc cyanide is more toxic because it readily dissociates 

in aqueous solution while copper cyanide is more stable particularly in 

an alkaline solution. Iron cyanide is also relatively stable except 

under conditions where light can accelerate the decomposition of the 

complex and release free cyanide. 

EJ1 

Emission Pathways 

The main method used in Australia at present for treatment of cyanide 

containing gold tailings is retention of the wastes in tailings 



82 

impoundments such that natural degradation of cyanide occurs through 

utilization, oxidation, adsorption and complexation. Effluent discharge 

from the tailings area in the form of drainage is minimised by water 

recycle during the operating phase, and capture and evaporation during 

the post operating phase. Seepage is minimised by careful site 

selection and design of the impoundment dam. Tailings or recycle 

pipeline failure and/or contaminated drainage from the plant site could 

also result in emission of cyanide containing water. However in the 

case of the Hedges project all of these facilities will be within the 

tailings dam catchxnent. 

Disposal Site Characteristics 

The proposed tailings disposal site for the Hedges project is located in 

a valley with a geologic structure similar to the orebody with the base 

being a weathered laterite profile overlying granite. The design calls 

for the dam wall to be keyed into the low permeability clays underlying 

the laterite and an underdrainage system to collect leachate at the base 

of the deposit. Both of these measures will reduce the potential for 

seepage from the site. 

The laterite and kaolin clay materials to be used in dam construction 

and present on the site have been shown by Fuller (1984) to be the most 

effective geochemical strata for attenuating cyanide leachate. Cyanide 

decay studies reported by Worsley Alumina Pty. Ltd. (1987) confirm this. 

Biological degradation of free cyanide will also occur in the tailings 

and in any seepage pathways through underlying soils, particularly under 

aerobic conditions. 

Other Processing Chemicals 

During the processing of gold ore around 2 kg/t of caustic soda and up 

to 300 ppm of a viscosity modifying agent will be added. The caustic 

soda will elevate the pH of the process solution and its reaction 

products will be present in the tailings slurry. The reaction products 

will be salts similar to those naturally present in the soil and water. 

The elevated pH is above the range which most aquatic organisms or 

plants will tolerate, however natural carbonation of any free water and 
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soil attenuation of seepage will reduce pH's to natural levels (below 

9.0). The soil attenuation of high pH solutions has been studied in 

detail by Alcoa as part of the ongoing evaluation of its much more 

highly alkaline alumina refinery wastes. 

The likely viscosity agent is Freevis 528 	an ICI product which is 

described as non-hazardous polyacrylate, sodium salt (Id, 1979). It is 

expected that the active constituents would be adsorbed onto fines solid 

surfaces in tailings and therefore not constitute a significant 

pollution risk. 

Management of Tailings 

As outlined in the previous sections, design construction and operation 

of the tailings impoundment will aim to minimise any discharge of water 

through drainage, spillage or seepage. 

The groundwater monitoring system will detect any elevation in dissolved 

salts, pH or cyanide in seepage water during the operating period and 

for some agreed time following closure. If unacceptable high levels are 

detected further monitoring to trace rates of chemical migration and 

seepage paths will be undertaken. If necessary, bores will be 

constructed to intercept and recover polluted groundwater. 

The work being undertaken by Worsley Alumina Pty. Ltd. (1987) on cyanide 

decay in tailings is noted. Alcoa will endeavour to co-operate with 

Worsley on this work. 	However, if this is not practical then 

independent test work will be instigated, including a comprehensive 

study within 12 months of prolect  commencement, of the distribution of 

free and total cyanide within the tailings dam. 

Following closure of the operation, rehabilitation of the tailings dam 

will be undertaken and a vegetation cover will be established to 

minimise surface runoff. If surface drainage is found to contain 

cyanide or have an elevated pH it will be contained within the tailings 

area where evaporation or treatment and winter release can take place. 

Two post closure options are available for the underdrain system: 
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- 	it could be shut off in which case basal seepage would increase due 

to rising hydrostatic pressures; 

- 	it could continue to be pumped with the leachate being recycled to 

an evaporation pond or treatment facility; 

Alcoa will endeavour to keep abreast of technology relating to effluent 

treatment for cyanide removal such as the technique being practiced by 

Golconda at its Beaconsfield operation in Tasmania (Golconda, 1987 - 

pers. comm) for possible application. In addition, techniques for 

reducing cyanide concentration in tailings slurry, such as aeration of 

the slurry during discharge to enhance cyanide oxidation will be 

investigated. 

7.5 Bioloqical Environment 

Impacts 

The botanical and faunal studies completed by Alcoa and WAJV in the 

Hedges area serve as useful bases for assessing the impact the Hedges 

Project will have on the biological environment. With regards to 

floristics, no gazetted rare species occur in the area so the project 

will not affect the survival of any particular species. A number of 

less common or poorly collected species occur, although as outlined in 

Section 6.6, some of these species are widespread and merely listed 

because few specimens have been collected. However, there are some 

species which the limited amount of information available suggests are 

not widely distributed and not common. These are 	Lasiopetalum 

cardiophyllum, Boronia crenulata, Tricoryne humilis and Calothamnus 

planifolius. T. humilus has been recorded in a conservation reserve, 

and L. cardiophylluin and B. crenulata have recently been noted in nearby 

Duncan Conservation Management Priority Area. 	C. planifolius occurs on 

Worsley Timber Co. land but planned operations will not impact on the 

known locations of the species. Other populations have also been 

recorded in the Boddington area. 
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The increased information which is being obtained will assist in 

managing these species. Current information suggests that it is 

unlikely that any of them will become rare as a result of the project. 

If appropriate, it may even be possible to propagate less common species 

in rehabilitation areas after the project, and in rehabilitated bauxite 

areas, resulting in a nett increase in the species numbers. 

All site vegetation types in the Hedges area occur in other areas of 

State Forest and are relatively well represented in conservation 

reserves. The project will therefore have only a minor impact on any 

one community type. Nevertheless, consultant reports have indicated 

that within the Hedges block, the more important vegetation communities 

(from a conservation viewpoint) occur in the stream zones. These can be 

largely avoided, minimising the impacts on stream vegetation 

communities. 

Potential impacts due to the project spreading dieback and Armillaria 

diseases are discussed in Section 7.8. 

Three "rare, or otherwise in need of special protection" fauna species 

were recorded in the adjacent BGM study. The Red-eared Firetail Finch 

has been recorded as being moderately common elsewhere (Nichols et. al. 

1981). It inhabitats stream zones, and the small area of stream 

vegetation affected means that impacts of the project on this species 

should be negligible. The Chuditch and the Carpet Snake are relatively 

widely distributed in the jarrah forest, and detailed studies of both 

have recently been completed. The Hedges Project would at worst affect 

a small number of individuals, and this would have negligible impact on 

the species as a whole. All three of the above species have been 

recorded in conservation reserves. 

Another seven "rare", or otherwise in need of special protection" fauna 

species are possible inhabitants of the region (Section 6.7), but for 

none of these does the Hedges Gold Project area represent a vital, 

remnant habitat. Impacts on these species, if any, would therefore be 

minor. 



As with vegetation studies, fauna studies have revealed a greater 

diversity of species in stream zones. Protection of stream vegetation 

communities will also protect this faunal diversity. 

The potential impacts of the Hedges Gold Project will therefore be 

limited to impacts of clearing operations on local populations, possible 

road kills and bird landings on the cyanide tailings impoundment. These 

can all be managed so that the total number of fauna affected will be 

small. Clearing can be minimised and clearing operations preferentially 

conducted in summer and autumn to minimise the effect on fauna (eg. 

reptiles and breeding bird species). Appropriate speed restrictions on 

roads for safety purposes should reduce the number of fauna road kills. 

Alcoa's previous experience with bird landings on tailings suggests that 

the number of landings will not be a problem. Open wetlands in the 

jarrah forest are few, and waterfowl do not frequent the area in large 

numbers as they do the coastal wetland systems. Experience with residue 

disposal systems on the coastal plan has shown that residue impoundments 

must be located on major waterfowl flight paths before the number of 

landings becomes a problem. Residue impoundments not situated on flight 

paths (eg. at Alcoa's Pinjarra and Wagerup refineries) record less than 

10 waterfowl deaths per year. The much smaller area and location of the 

Hedges tailings dam should further reduce this figure. Alcoa's 

experience has also lead to the development of techniques which will be 

used to minimise the number of waterfowl landings, if necessary. The 

use of deterrents and reducing the area of exposed liquid are two 

techniques which would be considered. 

The aquatic fauna of 34 Mile Brook have already been affected by the 

establishment of the BGM water supply reservoir. Worsley Alumina 

monitor the aquatic fauna of both 34 Mile Brook and the Hotham River, 

and the results are reported to the EPA. 

The only potential impact of the Hedges Gold Project upstream of the BGM 

reservoir is turbidity associated with minesite activities and haul road 

construction. These can be minimised by the use of appropriate 

scheduling and turbidity control measures. Water quality and flow will 

be measured both upstream and downstream of the Hedges Gold Mine 

(Section 7.3). Long term effects on either water quality or flow, and 

associated effects on stream fauna are expected to be negligible. 
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The stream below the plant and tailings dam enters private property just 

downstream from the tailings dam. This part of the stream is not in a 

natural forested setting and farming activities (including the use of 

fertilisers) have probably affected aquatic fauna. Also, the stream 

catchxnent is small and there is no unaffected 'control' upstream 

	

section. 	In view of the results being difficult to interpret, and the 

lack of a control upstream section, there is considered to be little 

merit in monitoring aquatic fauna in this part of the project area. The 

BGM monitoring studies, plus the chemical water quality monitoring 

programme (outlined in Section 7.3), will be adequate as an early 

warning system for any potential effects on stream fauna. 

Management 

Impacts on plant species and vegetation communities will be minimised by 

	

(i) 	minimising clearing consistent with safe and efficient 

operation of the project; 

where possible, siting the haul road and other 

developments away from the immediate stream zone 

vegetation; 

minimising the spread of dieback (Phytophthora cinnamomi) 

and Armillaria diseases (Section 7.8); 

conducting botanical surveys for less common plant 

species, and propagating these species in rehabilitated 

sites where possible and appropriate; 

rehabilitating disturbed sites to cater for local 

vegetation communities, according to plans jointly drawn 

up with CALM (Section 8). 
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Impacts on fauna species and communities will be minimised by 

protecting and rehabilitating vegetation communities, as 

outlined above; 

fencing off the tailings impoundment and plant site; 

implementing standard safety speed restrictions on the 

haul road; 

monitoring water quality (Section 7.3) and taking steps 

to minimise turbidity and control any pollution; 

monitoring waterfowl landings on the tailings 

impoundments and taking steps to reduce landings in the 

unlikely event of problems developing. 
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7.6 Atmospheric Emissions 

Potential Impacts 

(a) Processing Plant - 

The gold processing plant will process 2 Mt/a of ore. Heating for the 

carbon regeneration kiln and heater will require approximately 750 t/a 

of LPG. Potential emissions from the processing plant, and the proposed 

control methods are listed below. The information was obtained from the 

BGM ERMP, with quantities adjusted according to the smaller scale of the 

Hedges Gold Project. 

EMISSION SOURCE 

Thermal transfer 
liquid heater* 

Hydrochloric acid 
(fumes) 

Sodium cyanide 
and caustic soda 
(fumes) 

Carbon regeneration 
kiln* 

Gold furnace 

Sodium cyanide 
mixing tank 

Incinerator  

LOCATION 

Gold room area 

II 	 It 

It 	 It 

IV 	 II 

II 	 II 

Reagent preparation 
area 

It 	 II 

CONTROL METHOD 

LPG should produce 
low emission levels. 

Mist eliminator 

Mist eliminator 

Steam and LPG fuel 
emissions only 

Dust collector 

Mist eliminator 

Non-toxic emissions 

* 	Fuel consumptions 

Thermal Transfer 	 peak capacity 165 kg/h (LPG); daily 
Liquid Heater (one only) 	schedule of operations give a rate 

varying between 15 and 145 kg/h, with 
a weighted daily mean = 30 kg/h. 

Carbon regeneration Kiln : each kiln burning 22 kg/h (LPG). 
(1 only, rotary) 

For a 2 million t/a operation, some 211 tonnes of LPG would be consumed 

annually in stripping and regenerating carbon. 



Control of emissions as described above will ensure compliance with the 

Environmental Protection Act (1986), and have negligible, if any, 

impacts on the surrounding environment. 

(b) Mining Operations - 

Potential emissions from the mining operation will be confined to 

exhaust emission from machinery (trucks/loaders), gaseous emissions from 

the use of explosives and fugitive dust emissions from haul roads, 

in-pit access roads, ore stockpiles and waste/marginal ore stockpiles. 

Process Emission Controls 

Emissions from the mining and processing operations will be subject to 

compliance with licence conditions under the Environmental Protection 

Act, 1986 and as such will be subject to a regular monitoring programme. 

Processing Plant - 

Dust and gaseous emissions from the processing operations, as indicated 

in the earlier Table, will be controlled and regularly monitored to 

ensure their compliance with the Environmental Protection Act, 1986. 

Transport systems within the plant will consist of covered or fully 

enclosed conveyors equipped with dust control water atomisers and/or 

dust collectors at transfer points. Any dust or fumes vented to the 

atmosphere from the plant process will be scrubbed prior to emission. 

Dust control in the crushing circuit will be achieved by dust 

collectors. 

Mining Operations - 

To reduce dust emissions, topsoil and waste/low grade ore stockpiles 

created will be revegetated, where possible. If necessary, further dust 

suppression measures will be implemented through the use of water, 

bitumen or other effective methods. Fugitive dust from ore stockpiles 

at the plant site will be prevented by the use of water sprays and 

appropriate materials handling equipment. 
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Haul roads and in pit dust emission will be suppressed by the regulated 

use of water and/or chemical suppressants applied to the road by water 

tankers or incorporated into the road surface. 

Residue storage areas will contain wet slurry and will at all times 

during the operating life of the project remain in a moist condition. 

Should excessive evaporation result in the surface of the residue area 

becoming dry and hence a potential source of dust, sprinkler irrigation 

will be applied for containment. 

Long term stability of the residue area will be achieved by 

rehabilitation and return to designated end land use (refer to Sections 

5.5, 7.4 and 8). 

7.7 Noise 

Potential Impacts 

The mining and processing operations are both potential noise sources. 

The most noise will come from mining machinery, haulage and blasting 

operations. The potential impacts of these operations are discussed 

below. 

(a) mining operations - 

Noise sources from the mining operations will include blasting noise and 

machine noise at the mine pit, and heavy haulage along the major haul 

road linking the mine and processing site. 

The gold bearing ore is localised and hence the impact on the 

environment (eg. fauna populations and distribution) will also be 

localised. Blasting within the pit will be infrequent and scheduled for 

optimal meteorological conditions. Noise levels generated by blasting 

operations would be within the limits of currently proposed legislation 

and within lcoa's current self-imposed standard of 115 dB peak linear. 
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Machine operation during shifts will be within noise legislative 

guidelines as required by the Noise Abatement Act and Hearing 

Conservation Regulation Act (1983). 

Noise from haulage operations will be intermittent but frequent during 

operating shifts but will also be within legislative requirements as 

specified above. 

The closest inhabited residence to the mine area is a distance of 6 kms, 

whilst the town of Boddington is some 12 km to the south-east. Neither 

location should experience any significant noise from either the mine or 

hauling operations. 

(b) Processing Plant - 

Noise emissions from the processing plant will primarily occur in the 

crushing area. 

The closest inhabited residence to the processing plant is 3 km to the 

south-east whilst the town of Boddington is 14.5 kms to the east. 

Noise Management and Control 

(a) Mining Operations - 

Previous experience gained by Alcoa through its bauxite mining 

operations has shown that, whilst there may be a temporary localised 

impact on faunal populations and distribution, animals rapidly adjust to 

the presence of noise and relocate to alternative habitats adjacent to 

the mining area. This results in only a minor disturbance to 

populations. 

In the long term, decommissioning of the mine site and rehabilitation of 

the mine area will permit recolonisation. Rehabilitation programmes are 

discussed in Sections 5.3 and 8. 

Machine operating noise will be subject to compliance with the Noise 

Abatement Act and Hearing Conservation Regulations Act (1983) and blast 
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noise will meet the requirements of the proposed Mines Regulation Act 

covering this area. In addition, Alcoa will utilise the experience 

gained from Alcoa's Blast Acoustics Modelling System (B.A.M.S.) to 

enable blasting to be scheduled during optimal meteorological 

conditions. This will ensure minimum audible noise impact on the 

environment and in particular the town of Boddington. Nearby 

populations, and relevant State Government officers will be notified of 

likely blasting times. 

All mobile equipment on the minesite will be fitted with acoustic 

insulation in the cabs to ensure operators are not exposed to noise 

levels in excess of the statutory guidelines. 

(b) Processing Plant - 

Crushing and processing operations will comply with noise emission and 

monitoring procedures as specified in the provisions of the Noise 

Abatement Act and Hearing Conservation Regulation 1983. 

Appropriate engineering design will enable significant control of 

general noise emission levels, for example the use of a rubber lined 

crushing mill system. 

7.8 Dieback Management 

Impacts 

Jarrah dieback is the most important identified disease in the jarrah 

forest. The disease is caused by the introduced, soil borne fungus 

Phytophthora cinnamomi. The dieback fungus spreads by artificial and by 

natural means. Artificial spread involves an agent, usually a vehicle, 

which transports the fungus into uninfected forest, and thereby 

establishes a new dieback outbreak. Natural spread causes extensions of 

these or existing outhreaks. Inappropriate changes to natural drainage 

patterns may accelerate the natural rate of dieback spread and the level 

of impact on the vegetation. 



94 

Recent research by CALM has shown that many sites in the forest are not 

highly susceptible to dieback and that jarrah trees have a range of 

defence mechanisms to curtail the growth of the fungus within their 

tissues (Forest Focus, No. 31, 1984). The more resistant sites to 

dieback may have the fungus present but there is no visual expression of 

the disease. 

The objectives of the Hedges mining operation in relation to forest 

disease are to mine ore efficiently, while effectively 

- 	preventing the introduction of the dieback fungus into the 

surrounding forest; 

- 	preventing the intensification of dieback disease in the 

surrounding forest; and 

- 	controlling the development of the disease within the project 

area to the extent necessary to meet the land use objectives 

of the rehabilitation programme. 

There are a number of operations in the Hedges Gold Project which have 

the potential to spread dieback downslope, or intensify existing 

infections. These are 

- 	the orebody drilling programme; 

- 	the mining operation (mainly during the development phase); 

- the haul road (mainly during the construction and 

rehabilitation phases); 

- 	general light vehicle access. 

The magnitude of these potential impacts will depend on five factors 

- 	management of the operations to minimise introductions of the 

disease; 
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- 	implementation of effective drainage control measures to 

minimise disease introduction or intensification; 

- 	the area of dieback susceptible forest (termed "at risk") 

downslope of planned operations; 

- 	the natural resistance of the site; and 

- 	the extent to which existing or operation-carried infections 

are rehabilitated following the operation. 

The area of forest "at risk" is not large. The mine pit extends to 

already infected stream zone vegetation on the west and south-west, 

while the waste/low grade ore stockpile will be established directly to 

the south. The only area of forest which could potentially become 

infected lies to the north, between the pit and a stream. This area 

total about 30 ha. The only other area of forest which could be 

classified "at risk" lies downslope from the preferred haul road 

alignment. Since the road has been located low in the profile to 

minimise dieback spread (Section 5.3), this area is small, and totals 

less than 50 ha. As appropriate management techniques will be applied 

to protect these "at risk" areas. 	At all stages of the project, 

vehicle movement within the forest will be strictly controlled. This 

will minimise the risk of project-related spot infections occurring in 

State Forest. 

Extensive experience in dieback management has been gained through 

management of the timber industry and Alcoa's bauxite mining operations. 

Minepit drainage design, road construction, management of vehicle access 

and other techniques are all well-defined procedures for restricting the 

spread of dieback. Provided effective dieback management techniques are 

incorporated into all phases of the Hedges Gold Project, the area of 

forest affected by the disease is likely to be small. 

Another fungal pathogen (Armillaria species) has the potential to 

significantly affect the health of the forest vegetation. Fruiting 

bodies of this pathogen have been found and mapped within Hedges block. 

Control measures will be applied to prevent the spread of the inoculum 

and wherever possible, to eradicate the pathogen. 
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Dieback Management Programme 

CALM and Alcoa have developed a range of effective dieback control 

measures which are being used in Alcoa's bauxite mining operations in 

the western jarrah forest. These dieback control measures will be used, 

where appropriate, for the Hedges mining operation. These control 

measures include 

(i) 	planning all facets of the mining operation in relation 

to disease control. Maps of the dieback boundaries will 

be produced prior to mining. These maps will be used in 

the design and scheduling of the mining operation; 

scheduling exploration drilling, logging and clearing in 

dieback free forest, where practicable, to take place 

during dry soil conditions. Where this is not 

practicable all vehicles will be cleaned before entering 

a dieback free site to ensure there is no transfer of 

potentially infected soil; 

restricting access to dieback free forest; 

finalise location of the haul road with CALM. Use maps 

of dieback boundaries to select optimal haul road 

location for minimising spread of dieback; 

constructing haul road and road drains to a standard 

which prevents the dieback fungus leaving the haul road 

and entering dieback free forest; 

only using water which has a low dieback inoculum level 

(to a standard approved by CALM) as a dust suppressant on 

haul roads during dry soil conditions; 

after mining, wherever possible and necessary, ripping 

the minepit floor intensively to a depth of approximately 

3. .2 m using a winged tine. This will encourage deep 

infiltration of water and reduce the wetness of surface 

soils; 
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developing training programmes for the workforce 

to educate them on the nature of the disease and the 

operational prescriptions, and regulations and 

supervision designed to minimise the risk of disease 

spread and intensification; 

rehabilitating any dieback affected areas adjacent to 

operations following the project, if requested by CALM. 

A monitoring programme will be developed to determine the efficiency of 

these dieback control procedures. A secondary objective of the 

monitoring programme will be to identify other forest pests or diseases 

which may potentially have an effect on the health of the forest. The 

results of this monitoring programme will be reviewed jointly with CALM, 

and if necessary, the dieback management programme will be modified. 

Management Programme for other Forest Diseases 

The other important plant pathogen identified in the Hedges block is 

Armillaria. The distribution of Armillaria in State Forest of the 

project area has already been mapped by CALM. The control measures 

associated with the pathogen will be 

(i) 	compare Armillaria distribution maps with maps of planned 

operations, to assess the presence of Armillaria fruiting 

bodies in soils; 

ensure that topsoil which has been identified as 

containing Armillaria is handled separately; 

establish separate topsoil stockpiles for 

storage of Armillaria infected soils; 

treat the stockpiles by either: 

a) spraying with fungicide and covering with thin 

sheets of polythene to increase soil temperatures 

and thereby kill the fungus; the stockpile will be 
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determining whether it can be used for 

rehabilitation; 

b) 	dumping the topsoil into the tailings pond. 

Management plans will be developed in co-operation with CALM if other 

significant forest diseases are identified in the project area. 

7.9 Hazardous Chemicals 

In any CIL refining process, a number of potentially hazardous chemicals 

are required. However, all of these chemicals have been used in 

industry for many years, and appropriate safe handling procedures have 

been developed. Provided these procedures are closely followed, 

previous experience in the gold processing industry indicates that risks 

to employee health and the broader environment will be small. 

Treatment of all hazardous chemicals will be designed to ensure that the 

health of all employees is safeguarded, and Government requirements are 

met. All hazardous chemicals will be delivered to and stored in the 

reagent storage and preparation area. Special attention will be paid to 

the proper storage and handling of sodium cyanide, caustic soda and 

acids, and all personnel will be trained in safe work practices and 

issued with appropriate clothing and safety equipment. Recent education 

and training initiatives within the Mines Department and the Chamber of 

Mines have served to highlight the danger of hydrogen cyanide gas formed 

in the CIL process, where improved gold recovery onto carbon can be 

achieved by reducing protective alkalinity. Mines Department guidelines 

will be followed in the operation of the plant. The risk of hydrogen 

cyanide gas generation by the accidental mixing of bulk cyanide and acid 

will be minimised by storing and preparing these reagents in different 

areas: sodium cyanide at the reagent preparation area and acids in the 

gold recovery area. Hydrogen cyanide gas detection and alarm systems 

will be installed throughout the Metallurgical Treatment Plant. 
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Caustic used in the processing plant will be manufactured in membrane or 

diaphragm cells and will therefore contain negligible amounts of 

mercury. 

Spillages of any reagents or other process materials within the plant 

area will flow to engineered suxnps to be pumped back into the process. 

Materials spilled outside the plant area will be promptly retrieved and 

the affected area treated as appropriate. All areas (tanks, etc.) 

containing hazardous chemicals will be bunded so that any unexpected 

leakage can be collected and returned to the process or placed in the 

tailings dam. 

All stormwater runoff from the plant site will be directed into the 

tailings impoundment, sited directly downstream from the plant. Any 

cyanide spillage from the process water tank would be contained and 

directed into the tailings impoundment or collected for recycling. 

Alcoa will take full responsibility for monitoring, clearing up and 

rehabilitating any affected areas to the satisfaction of the State. 

7.10 Waste Management 

Apart from the normal tailings residue, the gold processing plant and 

associated facilities will generate office and domestic waste, sewage, 

waste oil and various containers and packing wastes. Provided these are 

handled according to established, standard disposal practices, they are 

not expected to cause any adverse environmental impacts or 

safety/hygiene problems. 

Office and domestic waste will be disposed of by landfill at a site yet 

to be determined. Discussions with Worsley Timber Co. and the relevant 

authorities will be undertaken to select an appropriate site and 

operating strategy according to accepted and established procedures. 

Sewage from the plant and mine service areas will be piped by gravity to 

septic tanks. Tank effluent will be pumped to the residue storage area, 

and sludges disposed of by contract. 
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Water from an oil separation trap treating oil wastes and washdown from 

workshop areas, the vehicle washdown pad at the workshop and refuelling 

points, will be disposed of by evaporation in a sump located adjacent to 

the workshop. The separated oil and grease will be transported off site 

by truck for recycling or appropriate disposal. All other liquid wastes 

will be disposed of with the process residue. 

Containers used for cyanide delivery will be destroyed in an incinerator 

which will comply with the requirements of the Environmental Protection 

Act (1986). Non-combustible packing components such as metal strips, 

nails etc. will be detoxified if necessary, and stored prior to removal 

from site by contract or disposal in the sanitary land-fill area. 

7.11. Infrastructure Impacts 

Impacts 

The 22 kV power line will connect the processing plant to the SCM 

switching station, along the route outlined in Figure 4. None of this 

route is within State Forest. For part of the route, it will traverse 

existing road and power alignments on WAJV land. The remainder of the 

route will be on cleared farmland. 

The line will consist of wooden poles and an adjacent maintenance track. 

At most, it will require a small amount of clearing on the forested WAJV 

land. Provided this is managed according to standards already 

prescribed for the land, impacts on the environment will be negligible. 

Any impacts will be compensated for by the fact that the line may serve 

as a useful future power source for Boddington Township. 

The water supply pipeline between the Hotham River and the Water Supply 

Reservoir will traverse land cleared for agriculture. The pipelines 

effect on farming activities will be negligible and would only last for 

the duration of the project, unless some benefit is seen in retaining 

it. 
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Road traffic on the Dwellingup-Boddington Road will increase, but not to 

a very large extent because of the relatively small scale of the 

project. 

Management 

On WAJV land, the power line will be constructed according to 

environmental management prescriptions outlined in the BGM ERMP and 

subsequent Environmental Management Programmes. 

The impacts of the water supply pipeline and increased traffic are not 

considered sufficiently great to warrant specific management programmes. 

7.12 Social Impacts 

Impacts and Management 

The social impacts of the Hedges Gold Project will be felt mainly in the 

towns of Boddington, Dwellingup, Pinjarra and Mandurah. These impacts 

will include 	economic effects of the project and workforce on local 

business; effects of the workforce on existing town infrastructure; 

housing; local employment generated, and effects of the construction 

workforce. 

Assessment of the social impacts of the Hedges Gold Project on the town 

of Boddington have been made by calculating workforce requirements, and, 

for the permanent workforce, assuming the same base parameters (eq. 

proportion married, family size, etc.) as those used in the BGM ERMP. 

The total permanent Hedges Gold Project workforce is about 80. Assuming 

the same base parameters as were used in the BGM ERMP (80% married, 

average family size of 4 people), the total number of persons (employees 

plus families) associated with the Hedges Gold Project is 192. There 

would also be a small associated (project induced) population component. 

The workforce is expected to be drawn from the existing populations of 

Boddington, Dwellingup, Pinjarra and Mandurah. Travel distances from 

these towns are 20 km (Boddington), 35 km (Dwellingup) , 	60 km 

(Pinjarra) and 80 km (Mandurah). These are considered to be reasonable 

commuter distances. 
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Detailed social impact studies were carried out for the BGM project. 

The effects of that project on all aspects of the community were 

carefully assessed. Generally, the study concluded that facilities 

would readily be able to cope with the medium projection of 435 extra 

residents. Health services, schooling, water supply, recreation 

facilities, emergency services, transport, communications and power 

supply were all considered and no problems were foreseen. 

Since that study, two trends have emerged. A combined WAJV/State 

Government total of $5M is being spent on deep sewerage facilities, 

improved power facilities, extensions to the school and renovations to 

the hospital. The number of new town residents is now expected to be 

about 200 - much lower than the predicted (and planned for) 435. These 

factors together suggest that the town could easily cope with any influx 

of Hedges Gold Project workers and families, even assuming that a high 

proportion of the workforce of 80 choose to live in the town. This is 

considered unlikely, since a proportion of workers will already live or 

choose to live in Dwellingup, Pinjarra and Mandurah, so the housing 

requirements and impacts will be spread between the towns. 

There will be a positive economic benefit to the town of Boddington, and 

to a lesser extent to other nearby towns. These benefits are discussed 

in Section 3. They will come from increased business to retail and 

commercial facilities, and other services. For its bauxite mining 

operations, Alcoa have a policy of using local materials and services, 

where possible. This will also apply to the Hedges Gold Project. The 

plant assay samples, for example, will be analysed in the Boddington 

Australian Assay Laboratories, which will increase the viability of that 

business. Employees for the project will be actively recruited locally, 

where possible. 

The shorter term construction workforce will consist of up to 120 

people, with an average of 80-90 workers. Some of this workforce may 

reside in nearby towns, but a number may need to be recruited from 

outside the area. This could necessitate the establishment of a 

construction camp. If so, a camp would be established on private land, 

possibly in the Shire of Boddington or near Dwellingup. Location and 

details of any camp would be discussed and agreed with the particular 

shire involved. 
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8. 	Rehabilitation and Decommissioning 

Minesite and Haul Road 

After the Hedges Gold Project is completed, the minesite will be 

rehabilitated. Since the final configuration of the pit floor is not 

yet known, it is only possible to generalise about rehabilitation 

prescriptions. Rehabilitation earthworks are discussed in Section 5.3. 

In general terms, the pit will consist of a series of benches and pits 

which will vary in depth, the deepest being about 35 m below surface 

level, depending on the final results of the grade drilling programme. 

Steep or dangerous slopes will be reshaped. As mining progresses some 

waste material will be used to refill pits where feasible but this will 

not be possible in all cases. Landscaping, including contouring and 

construction of water retention sumps, will be designed to minimise 

surface erosion and turbid water release into streams. Topsoil 

material, stockpiled during earlier clearing operations, will be 

respread to facilitate growth of vegetation. Subsoils will be deep 

ripped where necessary. 

Seeding and planting followed by fertilising will be used to establish a 

stable vegetation cover. The actual techniques will depend on soil 

quality, and the detailed rehabilitation plan. The broad objective of 

the rehabilitation programme will be to stabilise all surfaces, and 

re-establish indigenous vegetation communities, within probable site 

limitations (eg. in deeper sections of the pit). 

The final, detailed rehabilitation prescription will be drawn up in 

agreement with State Government authorities, as further information on 

final pit profiles and soil quality becomes available. 

Whether the low grade ore stockpile is processed at the completion of 

mining will depend on economic considerations. If not, it will be 

rehabilitated in the same way as the waste stockpile. Surfaces will be 

reshaped to a configuration suitable for vegetation establishment, and 
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erosion control structures constructed. Topsoil will be replaced and 

slopes contoured and deep ripped if necessary. Surfaces will be seeded, 

planted and fertilised according to the rehabilitation prescription 

drawn up for the mine and waste stockpiles. 

The haul road will be rehabilitated with operations being carried out 

under the same strict dieback management guidelines as will be used in 

the construction phases. 

All rehabilitation will be monitored until it has reached a standard 

acceptable to the Government. If rehabilitated sites are found to be 

not developing to an acceptable standard, remedial action will be taken. 

Plant and Water Storage Reservoir Decommissioning 

At the completion of the project, unless there is further use for the 

plant it will be dismantled and the site rehabilitated according to 

private landowner wishes, and State Government requirements. 

Appropriate drainage patterns will be re-established, and designed to 

facilitate long term operation of the tailings impoundment. 

The water supply reservoir will be retained, and appropriate vegetation 

cover established on bare surfaces. Some modification to the structure 

may be required to ensure safe long-term operation. Any such 

modification will be determined by agreement with relevant State 

Government authorities and the land owner. 

Tailings Dam 

Surface Revegetation 

Following the active life of the project the tailings area will be 

rehabilitated to a stable, low maintenance and productive land use. The 

tailings surface will be accessible shortly afterwards and will be 

temporarily revegetated for dust control. The finer tailings area will 

be accessed by a process of surface crust development and covering by a 

layer of coarser tailings or if necessary mine spoil material at which 
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stage it also will be temporarily revegetated. A surface drainage 

system will then be installed to inhibit rising salt and encourage 

rainfall leaching. The original topsoil layer will then be restored 

over the area and a permanent pasture established. A number of salt and 

alkali tolerant pasture species have been identified in experiments on 

Alcoa's bauxite residue areas at Pinjarra and Kwinana. Trials will be 

undertaken to determine the suitability of these and other pasture 

species for revegetating the Hedges Project tailings. Most of the 

rehabilitation techniques required are well established routines for 

residue area rehabilitation at Alcoa's Pinjarra and Kwinana refineries. 

Specialized equipment such as the Alcoa Screw Tractor for gaining access 

and achieving crust development on fine tailings, and staff experienced 

in these practises will be available to assist in the rehabilitation 

process. 

The timespan for this rehabilitation procedure would be in the order of 

5 years following project completion. Alcoa will undertake a coimriitment 

to carry out this tailings rehabilitation plan, as described. 

Drainage 

Following the operating period the decant water pond within the tailings 

dam will be drawn down and the lowest area will be retained for seasonal 

collection of runoff and drainage from the rehabilitated surface of the 

tailings pond and surrounding catchment. The quality of this water will 

be checked during the wet season, and depending upon the results a 

number of management options will be available 

if the water quality is acceptable it could be gradually 

released during each wet season to the Hotham River; 

if the water quality is unacceptable it could be treated prior 

to release as in (i) 

if the water quality is unacceptable it could be stored 

permanently in the tailings pond in balance with summer 

evaporation; the collection pond would eventually become a 

salt pan; 
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(iv) 	for a number of years following closure of the plant, water 

pumped from the Hothain River could be used to dilute the 

runoff in the tailings collection pond to achieve acceptable 

quality criteria prior to its release as in (i). 

It is expected that rehabilitation of the tailings surface and of any 

surrounding catchment area disturbed by the project will reduce the 

winter runoff to levels typical of pastured land and natural forest 

respectively. TIere will only be limited contact between fresh runoff 

and tailings, and only relatively small amount of underdrainage water so 

that the quality of collected water should allow option (i) to be 

exercised. 	However a decision will only be made after careful 

measurement, observation and study of drainage conditions prior to and 

just following closure of the plant. 

These options will be evaluated further during the life of the project 

and a decision made based on then current knowledge. 
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APPENDIX 1 

EPA GUIDELINES FOR THE ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

SUMMARY 

The document should contain a brief summary of the salient features of 

the proposal, alternatives, existing environment, the extent of 

environmental impacts and environmental safeguards and management. 

INTRODUCTION 

The document should include 

- 	background and objectives of the proposal; 

- 	details of the proponent; 

- 	scope and timing of the proposal; and 

- 	relevant legislative requirements and approval processes (State and 

Commonwealth). 

NEED FOR THE PROPOSAL 

Describe in a general way the benefits of the project to the Company and 

Community. It may be useful to describe these at a local and State 

level. 

3. 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 treatment and infrastructure facilities; and 

mining and processing alternative. 

When alternatives are rejected the environmental engineering or economic 

factor which led to their rejection should be clearly identified. 

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, waste disposal and treatment. Auxiliary services 

such as power and water supply should also be described. 

Rehabilitation will be an important part of the project. It can be 

considered as a separate issue or integrated into the various project 

components. 

EXISTING ENVIRONMENT 

The document should provide an appraisal of the ecological and social 

systems likely to be affected by the proposal. Emphasis should be 

placed on the significant aspects of the environment subject to impact 

from the development. Habitats, resources and potential resources which 

could be influenced by the project should be defined. Any detail 

inventories such as species lists should be placed in technical 

appendices. 



Discussion of the physical and biological processes that are essential 

to the maintenance of various habitats and resources should be provided. 

An assessment of the resilience of these habitats and resources should 

be provided. This may cover such phenomena as bush fires, stream 

salinity, floods and existing bauxite mine rehabilitation. 

Discussion of the social environment should include information on 

regional economy, demography, land use and planning, local industries, 

infrastructures public and private utilities and facilities. Aboriginal 

site data can be either placed in this discussion or if it is entirely 

of an archaeological nature it can be described as part of the physical 

environment. 

6. 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; and 

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 uncertainties highlighted. The synthesis 

should also include an assessment of the timing of the various impacts 

identified. 



7. 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 environmental management 

programme will be adapted to rectify and short comings shown by the 

monitoring programme this section should also summarize and where 

necessary detail management safeguards described or not in earlier 

sections. 

The procedures for reporting results of monitoring and environmental 

management to the appropriate authorities should be provided. 

B. CONCLUSIONS 

Conclusions on the overall effects of the proposal should be stated, 

together with any qualifications regarding the conclusions reached. 

References 

Glossary 

Guidelines 

Appendices - List of environmental commitments contained in the ERNP. 



APPENDIX 2 

SUMMARY OF COMMITMENTS TO ENVIRONMENTAL MANAGEMENT 

The following represents a summary of the major environmental 

commitments which will be undertaken by Alcoa in the management of the 

Hedges Gold Project. 

The Company will 

Comply with the requirements of all applicable Acts and 

Regulations 

Minimise clearing of land consistent with safe and efficient 

operations; 

Compensate the State for all clearing of State Forest; 

Establish environmental regulations for both construction and 

permanent workforces; ensure that these regulations are complied 

with through environmental education, supervision and enforcement; 

take full responsibility for the environmental performance of both 

permanent employees and sub-contractors; 

Establish ongoing liaison with Mines Department for pit safety and 

face stability; 

Progressively rehabilitate mined areas during the project, if 

mining sequence and production drilling data indicate that this is 

possible. Alternatively, rehabilitate all areas after project 

completion; 

Where practicable, return waste to mined areas. Landscape and 

rehabilitate the remaining waste stockpile according to principles 

in (8); 



Return affected areas to appropriate and achievable land uses in 

accordance with agreements with the State Government and Worsley 

Timber Co., using prescriptions developed in consultation with 

relevant State Government authorities; 

Monitor and maintain rehabilitated pits, waste stockpile, haul road 

and reside disposal areas until such time as it is agreed, with the 

State, that the objectives of such rehabilitation have been met; 

Design and operate a water quality, drainage and stormwater 

management system throughout the project area which will minimise 

the discharge of turbid water, plant chemicals or tailings spills 

into nearby streams, and minimise erosion; 

Ensure mining operations do not have a negative impact on the long 

term quality of water in the BGM water supply reservoir, by 

developing and implementing appropriate drainage control and 

rehabilitation programmes; 

Monitor stream flow for quality and quantity in 34 Mile Brook 

upstream and downstream of the mine; 

In consultation with CALM, plan and apply appropriate disease 

control strategies for the haul road alignment through, and mining 

operations in, State. Forest; 

Apply appropriate dieback management procedures to activities 

conducted in other forest areas; 

Conduct forest upgrading planting in disease affected State Forest 

immediately adjacent to operations, if required and considered 

appropriate by CALM; 

Develop a sanitary landfill area for the disposal of office and 

domestic wastes generated by the project; 



If necessary, provide accommodation for the construction workforce 

following discussions with local authorities. 

Control fugitive dust from the Project Area; 

Monitor faunal populations in the Project Area; 

Restrict human and nori-avian faunal access to potentially hazardous 

areas by fencing. If necessary, construct and place avifaunal 

deterrents in the tailings impoundment; 

Monitor noise levels in the Project Area and its surrounds; use 

Blast Acoustic Modelling procedure developed at Alcoa's bauxite 

minesites to predict and reduce noise impact on Boddington townsite 

and neighbours; 

Advise nearby populations and relevant Government officers of 

likely blasting times; 

Utilize requisite safety equipment and procedures in the handling 

and storage of hazardous chemicals; 

Carry out detailed investigations and design of tailings 

impoundment in accordance with Government requirements. Minimise 

seepage from the tailings dam by provision of an underdrainage 

system, by selection of suitable low permeability materials for dam 

wall construction, and inclusion of seepage cutoff features in the 

design of the dam wall; 

Monitor surface water quality in streams immediately downstream of 

the tailings dam (and plant site) and the water supply dam. 

Monitor groundwater quality downstream of the tailings dam and 

implement a detailed monitoring, recovery and recycle/treatment 

strategy if elevated pollutant levels are detected in seepage or 

groundwater. 



In the event of contaminated groundwater being detected, be 

prepared to establish a recovery bore system downf low of the 

tailings area; 

Modify residue management system and operations to the reasonable 

satisfaction of the State if unexpected problems occur; 

Notify the Water Authority, EPA and downstream users promptly if 

any spillage occurs which has potential to affect downstream water 

users; conduct clean-up or containment operations if necessary; 

Remove contaminated material 	and carry out appropriate 

rehabilitation if a tailings pipeline failure occurs; 

Establish surface contouring and drainage to prevent the rise of 

contaminated waters in residue areas during rehabilitation, and 

permit vegetation establishment. Establish a drainage collection 

system to retain runoff so that it can be monitored and if 

necessary treated prior to discharge; 

Continue monitoring the water residue system until it is decided, 

in consultation with the State, that such activity is no longer 

required; 

Carry out 	investigations 	in conjunction with WAJV, 	or 

independently, on residual process chemicals in the gold tailings 

and their possible effects on underlying soils and groundwater. 

Include a comprehensive survey after the first 12 months operation 

of the chemical status of the tailings deposit. 

Keep abreast of developments in gold tailings disposal technology 

for possible future application in treating contaminated seepage or 

runoff if it proves necessary. 

Provide access for CALM and local Bush Fire Brigades; 

Submit an annual report of environmental management and monitoring 

programmes, the content of which is to be determined by agreement 

with the State; 



(36) Take action to the reasonable satisfaction of the State if actual 

or potential risks, not adequately addressed in this ERMP, occur; 
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