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AN INVITATION TO COMMENT ON THIS CER 

Alcoa of Australia Limited and the Environmental Protection Authority (EPA) invite 
people to make a submission on this Consultative Environmental Review (CER). 

Alcoa of Australia Limited proposes to expand the alumina production capacity of its 
Wagerup Refinery from 1.7 to 3.3 million tonnes per annum by building a third 
production unit at the refinery and subsequently enhancing the productivity of all three 
units. There will be a concomitant expansion of bauxite production at the Willowdale 
Mine. In accordance with the Environmental Protection Act 1986, a CER has been 
prepared which describes this proposal and its likely effects on the environment. The 
CER is available for public review for 4 weeks from 24 October 1994. 

Comments from government agencies and the public will assist the EPA to prepare an 
assessment report in which it will make its recommendations to Government. 

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 by the EPA will be acknowledged. Submissions will be 
treated as public documents unless specifically marked confidential, and may be quoted 
in full or in part in the assessment report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining with a 
group or other groups interested in making a submission on similar issues. Joint 
submissions may help to reduce the workload for an individual or group, as well as 
increase the pool of ideas and information. If you form a small group (up to 10 people) 
please indicate all the names of the participants. If your group is larger, please indicate 
how many people your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the 
CER or the specific proposals. It helps if you give reasons for your conclusions, 
supported by relevant data. You may make an important contribution by suggesting 
ways to make the proposal environmentally more acceptable. 

When making comments on specific proposals in the CER: 

clearly state your point of view 
indicate the source of your information or argument if this is applicable, and 
suggest recommendations, safeguard or alternatives 
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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 recommendation in the 

CER. 

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

Remember to include: 

your name 
address 
date, and 
whether you want your submission to be confidential. 

The closing date for submission is 18 November 1994. 

Submissions should be addressed to: 

The Chairman 
Environmental Protection Authority 
Westralia Square 
141 St George's Terrace 
PERTH WA 6000 

Attention: Mr. Shane Sadlier 
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EXECUTIVE SUMMARY 

BACKGROUND 

In 1978 the State Government gave approval under the terms of the Alumina Refinery 

(Wagerup) Agreement and Acts Amendment Act for an alumina refinery to be built 

by Alcoa of Australia Limited at Wagerup, 8 km south of the town of Waroona. The 

approval was for a refinery with a production capacity of up to 2 million tonnes per 

annum (Mtpa), but the Agreement foreshadowed an ultimate production capacity of 

up to 4 Mtpa. An expansion beyond 2 Mtpa was to be subject to further 

environmental assessment. 

The refinery was commissioned in 1984 with a single production unit. A second 

production unit was commissioned at the end of 1992. 

Alcoa now proposes to lift the capacity of the Wagerup Refinery from the current 1.7 

Mtpa to 3.3 Mtpa by building a third production unit, then enhancing the yield of all 

three units. The timing of both stages of the expansion will be determined by world 

alumina demand. Production of bauxite from the Willowdale Mine, located about 

8 km east of the refinery, will need to increase proportionately to meet the increased 

demand from the refinery. 

This Consultative Environmental Review (CER) is the third environmental 

assessment of the Wagerup Alumina Project, the first being an Environmental Review 

and Management Programme (ERMP) submitted in 1978 and the second being a CER 

submitted in 1989 prior to the construction of the second production unit. The latter 

provided an audit of Alcoa's progress on the primary environmental management 

commitments made in the 1978 ERMP. 

The purpose of this CER is to describe and evaluate the incremental environmental 

impacts of the proposed expansion and to describe how these impacts will be 

managed. It is not intended to reconsider in detail all the issues already dealt with in 

the two previous environmental reviews. 

BENEFITS AND ALTERNATIVES 

The expansion of the Wagerup Refinery is a major development project for the Peel 

Region of Western Australia with significant economic and social benefits including: 
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employment and added value impacts of the construction programme 
(investments of around $960 million, about 85% of which will be spent in 
Australia; construction workforce of up to 1300 people) 

the continued employment and added value impacts of the expanded 

operations (additional operating expenditure of more than $200 million per 

year; 260 additional permanent employees) 

a significant contribution to the nation's balance of payments (the increased 

production alone representing more than twice the value of Australia's live 

sheep export trade) 
a major contribution towards decentralisation and regional development 

Alternatives to the proposed expansion at Wagerup include the construction of a new 

refinery or expansion of another refinery in Western Australia, or the expansion of 

alumina refining capacity elsewhere (probably overseas). Construction of a new 

refinery is not a viable option for Alcoa at the present time. Wagerup is the preferred 

location for the expansion because it has the most up to date technology of Alcoa's 

three alumina refineries in Western Australia, the highest energy efficiency and the 

greatest potential for achieving further economies of scale. It has access to sufficient 

bauxite reserves and is relatively unconstrained by urban expansion. 

An expansion of alumina refining capacity outside Western Australia would mean the 

loss of the economic and social benefits outlined above and acceptance of a declining 

share of the world alumina market. 

CURRENT AND PROPOSED OPERATIONS 

Bauxite Mining 

The principal bauxite reserves in Alcoa's mineral lease are located in the Darling 

Range southeast of Perth. Almost all the mineable bauxite underlies jarrah forest 

managed by the Department of Conservation and Land Management (CALM) on 

behalf of the Lands and Forest Commission. Mining at Willowdale is currently 

centred on a crusher site near Mt. William but it is planned to relocate the operations 

north of Samson Brook about 1999. This relocation is independent of the proposed 

expansion. Depending on the timing of the two stages of the expansion and other 

factors, mining will remain in the Willowdale North area, bounded by Samson Brook, 

the Murray River and the Darling Scarp, for a period of 10-15 years. The next crusher 
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location after Willowdale North has not year been determined, but a probable scenario 

is for the operations to relocate to an area south or southeast of Mt. William. 

Preparatory activities before mining include the definition of bauxite orebodies by 

drilling, planning and scheduling of ore extraction, harvesting of timber and minor 

forest produce from the areas to be mined and clearing of residual vegetation. 

Orebodies are typically tens of hectares in area and cover roughly one quarter of the 

landscape. The mining process itself involves the stripping and subsequent return of 

about 0.5m of soil and overburden, the blasting or ripping of a one metre thick 

caprock layer, and the excavation of the fragmented caprock and typically 2-4m of 

friable, earthy material beneath it by front-end loaders. The bauxite is transported to a 

crusher site by haul truck and the crushed ore is conveyed to stockpiles at the refinery. 

Mined pits are rehabilitated to defined standards using procedures agreed with 

CALM. 

There will be no change to the mining and rehabilitation process as a result of the 

proposed expansion other than the possible inclusion of secondary crushing facilities. 

Increased production from the mine will be achieved by increasing the number of 

production and maintenance crews and working extra production shifts. Little 

additional heavy mobile equipment will be required other than for mine development 

and rehabilitation purposes. 

The main workshop and mine administration facilities will remain at their current 

location. Satellite facilities will be located at the new Willowdale North crusher site. 

Access to the latter will be either from the existing main facilities or via a new access 

road direct from Waroona. A new conveyor line will be established from the new 

crusher site to the end of the existing line. This will necessitate a causeway crossing 

at the southeastern tip of Lake Kabbamup (Samson Dam reservoir). 

There will be no change to the areas of forest mined as a result of the expansion - only 

the timing of mining will change. The rate of clearing will increase from the current 

140 hectares per year to 250 hectares per year. 

Alumina Refinery 

The Wagerup Refinery uses the conventional Bayer process to extract smelter grade 

alumina from bauxite supplied to it from the Willowdale Mine. Ore is reclaimed from 
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stockpiles just north of the main plantsite, milled and digested in a hot caustic soda 

solution. Residual solids are removed, washed to recover as much caustic soda as 

possible and pumped to a residue storage area west of the plantsite. The process 

liquor passes through precipitation tanks in which hydrated alumina is crystallised out 

of solution. Water of crystallisation is removed by calcination at high temperature. 

The product is stored on site them railed to a shipping terminal at Bunbury. 

Caustic soda is imported through the same shipping terminal and railed to the refinery 

as required. Lime and other process materials are trucked to the refinery from 

suppliers in the metropolitan area. Process steam, compressed air and electrical power 

are generated on site using natural gas as the fuel source. The gas is supplied by 

pipeline. Water is supplied from small storage facilities on South Yalup Brook and 

Samson Brook South Drain, and runoff collected from the plantsite, bauxite stockpiles 

and residue storage areas. 

The third production unit at the refinery will essentially be a replication of the two 

existing units, with some technology enhancements. The construction schedule is 

currently uncertain but work could commence as early as February 1995; in which 

case production from the third unit could commence at the end of 1996. Subsequent 

enhancement including additional plant will take production capacity from about 2.7 

Mtpa to 3.3 Mtpa. 

There will be proportionately increased requirements for bauxite and water, although 

in the longer term the make-up water requirement will decrease as more runoff is 

collected from both completed and operating residue storage areas. Caustic soda, 

energy and lime requirements will also increase but not in direct proportion to the 

increased production. An additional 1,100 Ml of water, 12,800 GJ of natural gas and 

15,000 tonnes of lime will be required each year when production reaches 3.3 Mtpa 

alumina. Process efficiency and design improvements, particularly at the yield 

enhancement stage, are expected to improve energy efficiency by 10% and reduce 

caustic soda and lime consumption rates by 20% and 35% respectively compared to 

current performance. 

Alumina will continue to be railed to the Bunbury shipping terminal shared with 

Worsley Alumina Pty. Ltd. The current alumina storage facilities are considered 

adequate to cater for the expansion. Shipments from Bunbury will increase from an 

average of 40,000 tonnes to 65,000 tonnes per vessel, with a small increase in the 

number of vessels. This increased level of shipping can be met without additional 
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ship berthing or loading facilities. The only changes likely at Bunbury will be the 

installation of one additional caustic soda storage tank and an upgrading of rail 

loading/unloading facilities. 

Bauxite Residue Management 

Washed bauxite residue from the refining process (mainly sand and a silty material 

known as red mud) is pumped to residue storage areas west of the South-Western 

Highway, where the red mud is thickened and spread in thin layers onto drying beds. 

About two (dry) tonnes of residue is produced for each tonne of alumina. The drying 

beds are underlain by a drainage layer placed on top of a compacted clay base. 

Although the residue is repeatedly washed before deposition, it still contains a 

12-15 g/l alkaline solution. Alkaline water draining from the residue deposits is 

collected in the underdrain system and returned to the refinery for reuse. 

The increased alumina production will result in a proportionately increased volume of 

bauxite residue being produced each year. This will require increased residue 

washing and thickening facilities and an expansion of the active residue drying area 

from the current 145 hectares to about 300 hectares. Additional water storage 

facilities will be provided to collect the runoff from the residue areas for use in the 

refinery. There will be no increase in the total area required for residue storage. In 

fact, Alcoa has been able to relinquish about 10% of its original land holding at 

Wagerup because of the reduced land requirement associated with the "dry stacking" 

technology introduced in 1991. 

EXISTING ENVIRONMENT 

Mining Areas 

The Willowdale and Willowdale North mining areas are located in State Forest 

including the Samson, Waterous, Federal, Waroona, Nanga and Park forest blocks and 

extending into the Hoffman and Driver blocks. Major geomorphological features 

include the steep valleys of Samson Brook and the Murray River, and Mt. William. 

The western boundary is formed by privately owned properties along the Darling 

S carp. 
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The jarrah forest in most of the area is affected by dieback disease, with the incidence 

of infection ranging from about 40% to more than 70%. The impact of the disease has 

been particularly severe in the lateritic upland areas of the Park forest block. 

Despite the generally poor condition of the forest in areas of interest for mining, 

several priority flora species have been recorded in recent botanical surveys conducted 

for Alcoa. These are located in river valleys and vegetation communities fringing 

rock outcrops and streamzones. They will not be directly affected by mining. One 

plant species listed under the Commonwealth Endangered Species Protection Act 

occurs near the current mining area. it will not be affected by the operations. 

Fauna recorded within the Willowdale and Willowdale North perimeter are generally 

similar to those recorded elsewhere in comparable areas of the jarrah forest. Mammal 

populations are low, as elsewhere, probably as a result of fox predation. The species 

present include one gazetted rare species, the Chuditch. 

None of the current or proposed future mining areas meets accepted criteria for 

wilderness classification, contains virgin "old growth" forest or is listed on the 

Register of the National Estate. The Lane Poole Reserve, comprising a series of 

conservation parks linked by the Murray River Valley recreation zone, forms the 

northern and eastern boundary of the Willowdale North area. 

Refinery and Residue Storage Areas 

The refinery and residue storage areas straddle the South-Western Highway, the 

plantsite and bauxite stockpiles being located on the Ridge Hill Shelf (foothills of the 

Darling Scarp) and the residue storage area on the Pinjarra Plain. All of the 4,500 ha 

land holding had been cleared for agriculture before being purchased by Alcoa in the 

mid 1970s.   Land not required in the short-term for refining or residue storage 

operations will continue to be managed by Alcoa as a commercial farming enterprise. 

Social Environment 

Most of the project area lies within the Shire of Waroona, except for part of the 

current mining area which extend into the Shire of Harvey. About 70% of the current 

workforce lives in Mandurah, Waroona and other parts of the Peel Region. Most of 

the remainder live in the Shire of Harvey or Bunbury. The communities involved are 
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well provided with health, education, recreation, commercial and retail facilities and 

services. 

Alumina refining at Wagerup and Pinjarra is the dominant economic activity in the 

Peel Region, the value of alumina production far exceeding that of all other economic 

activities combined. The traditional mainstay of economic activity in the Shire of 

Waroona was previously dairying, but the number of milk quota holders has been 

declining for several decades, commencing well before Alcoa's purchase of land in the 

district. A similar trend exists in the adjacent Shire of Harvey. Further restructuring 

of the agricultural industry in the irrigation districts is likely if the recent 

recommendations of the South-West Irrigation Review Task Force are implemented. 

No sites of Aboriginal or European cultural heritage significance are known in the 

project area. The company has commissioned archaeological and ethnographic 

surveys to ensure that it meets its obligations under the Aboriginal Heritage Act 1972. 

ENVIRONMENTAL EFFECTS AND MANAGEMENT 

Mining 

Land Use Planning and Management 

Mining operations in Willowdale North have the potential to adversely affect 

recreational use of the area, temporarily restrict access to some forest roads and 

impinge on adjacent private properties. The latter consideration is equally applicable 

in the current mining area. 

To help minimise these potential effects, five and 10 year mine plans and associated 

environmental management programmes will continue to be prepared and submitted 

annually to the State's Mining and Management Programme Liaison Group 

(MMPLG) for review prior to approval by the Minister for Resources Development. 

Regional and local government authorities and neighbouring property owners will be 

consulted in the development of the mine plans. 

A survey of recreational use has been commissioned and this will provide information 

to help plan the operations so that disruption is minimised and opportunities to create 

new recreation assets in conjunction with the rehabilitation of mined areas are 

identified. At least one suitable north-south and east-west road will be kept open for 

through traffic. 
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Visual resource management techniques developed by CALM will be applied to the 

operations to minimise their visual intrusiveness where necessary. Where mining 

opens up scenic vistas previously not accessible, consideration will be given to 

retaining access to them. 

Interactions with timber harvesting and forest management activities will be 

optimised using an integrated forest and mine planning system developed jointly with 

CALM. It is expected this will serve as a model for Alcoa's other bauxite mining 

operations in the Darling Range. 

Lane Poole Reserve 
In 1988 Alcoa and the State reached an agreement that the company would forego the 

bauxite resources in the proposal System 6 conservation reserves within its mineral 

lease. Alcoa retained the right to cross the reserves, if necessary, in order to gain 

access to bauxite resources which would otherwise become isolated. It also retained 

the right to mine the 105 million tonnes of bauxite in the recreation zone only of the 

Lane Pool Reserve. 

The part of the recreation zone in the Willowdale North area contains about 20 million 

tonnes of bauxite. However, Alcoa is conscious of the high recreational value of the 

facilities section of the recreation zone extending from the northern end of the King 

Jarrah Formation to the Nanga Road bridge, and further downstream in the Murray 

Valley. Mining in this area will therefore be deferred indefinitely. About 12 million 

tonnes of bauxite is in the recreation zone downstream from the Nanga Road bridge, 

mostly in badly dieback-affected forest on the lateritic uplands rather than on the 

flanks of the river valley. Alcoa believes there is an opportunity to gain the economic 

benefits from extracting the bauxite in this area while creating a landscape which will 

have conservation and recreational values at least equal to those which exist now. 

Mining in any part of the recreation zone or adjacent to conservation areas will be 

managed under a site-specific environmental management programme developed in 

consultation with CALM and the Lane Poole Reserve Advisory Committee. 

Water Resources 
Based on extensive experience and the results of monitoring over many years, it can 

be reliably predicted that the mining operations will not affect the salinity of water 

resources in the project area. Minor increases in stream turbidity may occur but these 

C:\DATA\WG\TOC.DOC 	 (viii) 



are expected to be very localised and transient as a consequence of the comprehensive 

stormwater management procedures already in place. 

Increases in water yield in the order of 10-20% are likely to occur following mining, 

but these will return to pre-mining levels within 5-10 years as rehabilitation re-

establishes the water balance in the mined areas. Rehabilitated sites of this age will 

consume more water than dieback-affected forest and it may be necessary to thin the 

minepit regrowth if the elevated water yields from catchments heavily affected by 

dieback declines below acceptable levels. 

Alcoa has made a commitment not to extend its bauxite mining operations into the 

eastern part of its mineral lease until research shows that mining there will not have a 

significant effect on the salinity of water resources. A comprehensive research 

programme is underway, conilucted jointly with the Water Authority and with input 

from CSIRO and other research institutions. A demonstration mining project is 

scheduled for an area east of the Huntly Mine around 2005, and it is expected that 

sufficient information will be available to allow decisions on full-scale mining by 

about 2020. There is sufficient bauxite in the high rainfall western part of the lease to 

sustain the operations beyond 2030, including the additional bauxite requirements for 

the proposed expansion. 

Forest Flora 
The mining operations will have little impact on the flora of the jarrah forest as a 

whole, the total area to be cleared at Willowdale North, for example, representing less 

than one quarter of one percent of the jarrah forest. Alcoa's mining operations at all 

four bauxite mines have resulted in the clearing of about 0.6% of the jarrah forest 

under State ownership since the Jarrahdale Mine commenced production in 1963. If 

all the potentially mineable bauxite in Alcoa's mineral lease were to be extracted it 

would represent less than 4% of the forest. The establishment of an ecologically 

representative system of conservation reserves and national parks in the jarrah forest 

over the past decade has ensured the preservation of nearly all significant ecosystem 

types. 

None of the priority species identified in the detailed botanical survey of the 

Willowdale North area will be directly affected by mining. Alcoa will consult with 

CALM and the Kings Park and Botanic Garden to determine whether resources 

should be applied to develop propagation methods for these species and establish new 

populations in suitable rehabilitated mine areas. 
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A number of vegetation communities which are less well represented in conservation 

reserves exist in the project area. These mainly fringe streamzones. The operations 

will be planned to minimise possible adverse effects on these communities. Buffers 

will be maintained around streamzones and major rock outcrops - areas which tend to 

be biologically diverse. Stream crossings will be designed and constructed to 

minimise impacts on streamzone vegetation and facilitate their subsequent removal 

and rehabilitation. 

Dieback Management 

Dieback is widespread in the project area, with the incidence of the disease being as 

high as 70% in some areas and its impact being particularly severe in parts of the Park 

forest block. Alcoa will implement a comprehensive dieback management strategy to 

minimise possible effects on unmined forest, particularly in the few areas where there 

is a significant proportion of uninfected forest. However, even in these areas nearly 

40% of the forest is infected. 

A plan will be developed jointly by CALM and Alcoa to optimise the benefits of the 

Dieback Forest Rehabilitation Scheme in the project area, and initiate further research 

into methods of successfully rehabilitating the more severely dieback-affected sites on 

black gravel soils. This scheme is funded by Alcoa and managed by CALM. It will 

be applied within the perimeter of the mining area, and possibly beyond, regardless of 

the cause of the dieback status of the areas involved. 

Because of the high level of existing dieback infection, the effectiveness of the 

dieback management procedures developed over the past 15 years, and the selective 

rehabilitation of dieback-affected areas, it is believed the net effect of the operations 

on the surrounding forest in the project area will be positive rather than negative. 

Forest Fauna 

Given the current dieback status of the forest in the study area and the known 

effectiveness of mine rehabilitation in proving suitable habitat for most species, it is 

expected the mining operations will not have a significant long-term effect on the 

forest fauna. 

Alcoa will continue its financial support for CALM's Operation Foxglove, which is 

expected to substantially reduce the predation of native fauna by foxes. The existing 

comprehensive system of fauna surveys will continue, as will the Company's support 
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for fauna conservation programmes such as the Chuditch Recovery Plan sponsored 

jointly with the Australian Nature Conservation Agency and the World Wide Fund for 

Nature. 

Mine Rehabilitation 

There have been substantial improvements in mine rehabilitation over the last two 

decades as a result of a concerted research effort. The current objective is to re-

establish the complete jarrah forest flora and fauna appropriate to the site conditions 

existing after mining. In addition to the primary ecological objective, rehabilitation is 

planned to enhance or maintain water, timber, recreation, conservation andlor other 

nominated forest values defined in CALM's Regional Management Plans for the Swan 

and Central Forest Regions. 

Rehabilitated areas are monitored to ensure that defined establishment criteria are met 

and the sites are, progressing towards a stable, self-regenerating jarrah forest 

ecosystem. Completion criteria are currently being developed jointly by CALM and 

Alcoa. 

Four hundred and twenty-three (423) hectares of the 893 ha cleared for mining in the 

nine years of operations at Willowdale to the end of 1993 have already been 

rehabilitated. The rate of rehabilitation will be increased to match the rate of clearing 

required for the increased production. 

Noise and Dust Control 

The frequency of blasting will increase as a result of the increased rate of mining, but 

not in proportion to the production increase. Blast noise is the most common concern 

of neighbouring property owners and the dominant cause of complaint. For this 

reason the largest available of a new generation of bulldozers has been purchased to 

allow caprock in noise sensitive areas to be ripped wherever possible rather than 

blasted. 

Alcoa aims to keep blast noise at neighbouring dwellings below 115 dB (linear) peak, 

well within the draft Australian Standard and proposed noise regulations under the 

Environmental Protection Act. There has been a substantial improvement in blast 

noise performance as a result of concerted effort in the areas of blasting technology 

and noise prediction. In 1985/86, 25% of blasts exceed 115 dB, while over the 1991-

93 period exceedances ranged from none to 8.5%. No blasts over the latter period 

exceeded the draft Australian Standard. 
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Wind conditions will continue to be evaluated before each blast and blast noise levels 

predicted using a blast acoustics model and pilot shots if necessary. Blast noise will 

continue to be monitored and close communication with potentially affected 

neighbours maintained. 

The proposed new crusher location is relatively remote from private dwellings and 

areas of recreational use and is not expected to present a noise problem. Conveyor 

noise has not been a source of complaint in the past and is unlikely to become a 

concern provided dwellings are not built closer than those existing now. If noise from 

heavy mobile equipment becomes a concern for particular property owners, 

production from nearby orebodies will be scheduled on day shifts only. 

Dust will continue to be controlled effectively by the watering of haul roads, 

stabilisation of heavily trafficked areas and other conventional dust suppression 

methods. 

Blasting Safety and Access Control 

Alcoa will continue to operate the mine as a secure area not open to public entry 

except under escort. This will minimise risks to the public which would otherwise 

accrue from blasting and other mining activities. Comprehensive safety procedures 

associated with blasting and storage of explosives will continue to be applied. Only 

minor quantities of explosive material will be held on site. 

Refinery 

Atmospheric Emissions 

Because the refinery uses natural gas as its fuel for steam and power generation and 

calcination, emissions of sulphur dioxide will be minimal. In the 10 years of 

operation, only two significant partial gas outages necessitating the substitution of 

fuel oil have occurred. These were of 40-50 hours duration. 

Emissions of nitrogen oxides are expected to remain well within National Health and 

Medical Research Council guidelines for new stationary sources. Alcoa will specify 

low NOx burners for major combustion equipment required for the expansion. 

Particulates (dust) will be controlled well within regulatory standards and pollution 

control licence limits by the installation of electrostatic precipitators on powerhouse 
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and calciner stacks and appropriate dust control measures on alumina handling 

systems. The train loading station at Pinjarra Refinery will be upgraded to minimise 

the overfilling and spillage problems which are believed to be the basic cause of 

occasional complaints about alumina dust from residents living near the railway line. 

Alumina refineries produce a characteristic "earthy" odour resulting from the 

digestion of organic matter in the bauxite. Combustion processes such as liquor 

burning can also generate odours. Only one complaint about odour has been received 

at the refinery in recent years and it proved to be unsubstantiated, the source of the 

odour being another facility in the district. Nevertheless, Alcoa will continue its 

programme of improving operating procedures and process design to minimise the 

generation of odours, particularly in relation to sources which have the potential to 

generate odours which may be offensive. 

Energy Efficiency and Greenhouse Gas Emissions 

The expanded refinery will require an additional 12.8 petajoules of natural gas per 

year which will generate 650,000 additional tonnes of carbon dioxide, equivalent to 

about 0.2% of the 1990 national total. 

Wagerup is one of the most energy efficient alumina refineries in the world and one of 

the few which has access to natural gas as a fuel source. Thus its carbon dioxide 

emissions per torme of alumina produced are among the very lowest in the world. 

Because energy is an important cost factor in alumina production, Alcoa's W.A. 

alumina system achieved a continuing improvement in energy efficiency over the 

years up to the mid 1980s. There was an improvement of 12% between 1978 and 

1987, and more dramatic improvements were achieved through the earlier part of the 

1970s.   The enhancement (second) stage of the proposed expansion is expected to 

result in a further 10% improvement in energy efficiency at Wagerup. 

Emissions of other greenhouse gases such as methane and CFCs are thought to be 

minor by comparison with carbon dioxide. These will continue to be minimised by 

phasing out the use of CFCs, continued emphasis on optimisation of combustion 

processes and condition monitoring of gas supply and distribution lines. 

Alcoa will continue to contribute to the enhancement of greenhouse sinks through its 

sponsorship of landcare and revegetation projects throughout the southwest, wheatbelt 

and south metropolitan regions. 

U 
C:\DATA\WG\TOC.DOC 	 (xiii) 



Water Resources 
An extensive surface monitoring network around the refinery, farmland and residue 

storage areas shows no significant deterioration in water quality. 

Stormwater runoff from areas of the plant which could generate caustic or other 

contamination is controlled and directed to a storm water surge pond, and at periodic 

intervals is pumped to the residue storage area. Two separate water circuits handle 

process water of low and moderate alkalinity respectively. All these waters are 

collected and recirculated through the process. 

Comprehensive procedures are now in place to monitor the condition of vessels and 

pipework, and report and respond effectively to spillages. 

Expansion to 3.3 Mtpa will require the extraction of an additional 1100 Ml of water 

per year to top up the combined refinery and mine water storage. The additional 

water will be sourced from the Samson South Drain, which runs through Alcoa's 

farmland and residue storage area. The additional abstraction is equivalent to 8.1% of 

the average June-September flow in the drain, as measured over the below average 

rainfall period 1983-1993. This extraction will not have a significant effect on 

downstream users. 

On a regional scale the annual extraction is equivalent to about 0.7% of the Harvey 

River flow into the Harvey Estuary, or 1.5% of the flow for the driest year over the 

1982-93 period. This is not considered likely to have any significant effect on the 

flushing of or nutrient loading to the Harvey Estuary. 

In the longer-term, make-up water requirements will progressively decline as more 

runoff is collected from both operating and completed residue storage areas. 

Raw Materials and Alumina Transport 

Bauxite will continue to be transported direct to the refinery by conveyor. The 

conveyor already operates around the clock as required. The only change will be 

reduced downtime. Alumina will continue to be railed to Bunbury and caustic soda 

railed from Bunbury. Alumina trains will increase in average size from 34 wagons to 

42 wagons, and the frequency will increase from an average of between two and three 

trains per day to between three and four trains per day. Three southbound trains per 
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day originate from Pinjarra. Given that the South-Western Railway is the main line 

between Perth and Bunbury, this increased rail traffic should not be a major concern. 

Gas is delivered to the refinery by underground pipeline and there will be no change 

other than an additional volume of gas through the same line. 

The lesser volume raw materials, mainly lime, acid and flocculants, are delivered by 

road. Currently seven lime tankers make the round trip to Kwinana each day. This 

will increase to about 10 after the addition of the third production unit, then reduce to 

eight after the yield enhancements have been added. This increase is not expected to 

cause a major traffic problem, but may bring forward the necessity to re-route the 

South Western Highway around Pinjarra and Waroona. The shire councils involved 

have been in discussion with the Main Roads Department on this subject for several 

years. 

Waste Management 

The refinery will continue to manage non-bauxite residue wastes according to 

accepted practice and will continue the staged implementation of its waste 

minimisation programme. A number of innovative approaches are being evaluated, 

including the potential for bacterial destruction of sodium oxalate as a supplement to 

high temperature roasting. 

Hazard Management 

Hazardous materials such as caustic soda, acids, petroleum fuels and quicklime are 

stored on site and transported in accordance with the requirements of Dangerous 

Goods Regulations and the Hazardous and Toxic Substances Regulations. 

Alcoa personnel are active in site fire crews, in volunteer emergency organisations 

and in the training of Westrail employees and others on hazard and emergency 

response procedures particular to the alumina industry. A Release Prevention, 

Control and Countermeasures Plan sets out procedures to follow in the event of all 

feasible accidental spillages or releases, including emergency responses and reporting 

details. 

Although a quantitative risk assessment has not been performed for the proposed 

expansion, analogy with the Kwinana Cumulative Risk Analysis indicates that off-site 

risk levels in residential areas near the refinery are, and will continue to be, well 

within the EPA's current criterion for acceptable risk. 
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Noise Control 
The refinery has a practice of responding promptly to complaints about noise and 

rectifying problems as they are identified. Only one complaint about noise was 

recorded in the 1991-93 triennium. Measurements on the northern edge of Yarloop 

have indicated a noise issue which is related to a tonal component rather than the 

absolute noise level. The source has been identified and options for ameliorating the 

noise are being investigated. No additional noise problems from the refinery are 

expected as a result of the expansion. 

Bauxite Residue 

Land Requirements 
The area of active residue drying beds will increase from the current 145 ha to 

approximately 300 ha, but the total area of land required for residue storage will not 

increase as a result of the expansion. 

In fact, the total amount of land required for residue storage over the life of the project 

will be substantially less than envisaged in the 1978 ERMP because of the 

introduction of"dry stacking" technology in 1991. Alcoa has relinquished about 10% 

of its original land holding. 

Alcoa will continue to operate land earmarked for residue storage as farmland, and the 

buffer function served by the farmlands will remain. Industrial use of land with better 

quality soils, such as that near Hamel, will continue to be deferred for as long as 

possible. 

Groundwater Protection 

A recent review of data from 125 monitor bores in and around the residue storage area 

indicates that there has been no major groundwater contamination. Impacts, if any, 

are confined to the superficial formation within the perimeter of the residue storage 

area where higher than background groundwater conductivities have been recorded in 

some bores. The exact cause of the higher than background conductivities is presently 

uncertain. The largest changes noted are well north of the residue deposits and appear 

to reflect a change back to the groundwater conditions which existed before the 

refinery commenced operation. The shallow groundwaters are limited in quantity and 

of marginal quality - better suited to stock watering than potable use. 
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Groundwaters beneath the residue storage areas will continue to be monitored and 

protected by appropriately designed residue containment and drainage water recovery 

systems. 

Surface Water Protection 
At present all runoff and drainage water collected on the refinery site and residue 

storage areas is captured, stored and then recycled as refinery make-up water. This 

minimises the demand placed on fresh water supplies and avoids the need to discharge 

effluent. The planned expansion in drying area to accommodate the proposed 

increased in alumina production will result in a larger catchment area and hence a 

larger volume of winter runoff. An additional 2,500 Ml capacity storage pond will be 

provided to store this extra runoff for use by the refinery. 

As the residue deposits gradually increase in area the amount of runoff from operating 

and closed storage areas will also increase to the point where it may exceed the needs 

of the refinery. At that point discharge of water to the environment will be necessary. 

Water balance predictions suggest that this might occur for average rainfall conditions 

at Wagerup within about 20 years. Studies of likely runoff water quality, treatment 

requirements and possible discharge options are in progress. 

Dust Control 

One of the few negative aspects associated with dry residue disposal compared to the 

previous wet slurry disposal method is the increased potential for dust generation. 

Average daily ambient dust levels measured by continuous high volume samplers at 

four monitoring points around the residue storage areas ranged from 42 to 46 tg/m3  in 

1993 - similar to background levels in nearby farming areas. Five of the daily 

readings from the four samplers exceeded the internal objective of 120 jg/m3  

The current impact of dust incursions from the residue storage area is considered to be 

relatively low based on the monitoring data and the low number of complaints, 

although three complaints were received in the very long, dry summer of 1993/94. 

Dust will continue to be managed by a combination of weather forecasts, spray 

irrigation, and surface stabilisation using bitumen emulsion, crushed aggregate and 

vegetation. Because of the larger active residue drying area required after the 

expansion, the potential for dust generation will increase. It will therefore be 

necessary to give close attention to all these dust management procedures, particularly 

during the dry summer months. 
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Hazard Management 
Dry stacking has significantly reduced the risks associated with residue storage. The 

area of land exposed to residue in the longer term will be less and the amount of free 

alkaline solution contained in the slurry distribution system and storage areas is less 

with reduced risk from spillage and seepage. The drying layers are relatively shallow 

and the area of wet or soft mud at any one time is limited, thereby posing less risk to 

people and wildlife. Risks are further minimised by appropriate education of 

employees, provision of protective equipment, and exclusion of all but escorted 

visitors by means of security fencing, sign posting and patrols. 

Because the bauxite residue is derived from Darling Range soils, it contains small 

amounts of naturally occurring radioactive elements such as thorium and uranium. 

The extraction of around 30% of the bauxite as alumina results in a proportional 

increase in the concentration of these elements in the residue. The radioactive 

constituents of bauxite residue have been studied in detail and the results considered 

by the Radiological Council of W.A. It has been concluded that me aaaitionai 

radiation dose likely to be experienced by members of Alcoa's workforce working at 

the residue storage area is not significant. 

While the residue storage activities do not pose any health risk to Alcoa's employees 

or members of the public, the assessment of future land-use options for the residue 

deposits will need to consider whether uses such as urban development would be 

appropriate. It is emphasised however that the completed residue deposits will exhibit 

levels of gamma radiation within the range of natural soils and similar to those found 

in the Darling Range. 

Residue Area Rehabilitation 

The objective of residue area rehabilitation is to establish a surface condition which is 

low maintenance, stable, has sustainable vegetation cover, is aesthetically acceptable 

and is suitable for future appropriate land uses. Experience with surface rehabilitation 

has so far been limited by the continued used of most residue storage areas. However, 

a number of demonstration areas are being established on older, now completed 

storage areas at Kwinana and Pinjarra. 
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Long- Term Residue Area Management 

In order to meet its commitment under the conditions of approval for the 1989 CER, 

Alcoa and a number of government agencies have established a Residue Planning 

Liaison Group (RPLG) to oversee the development of long-term management plans 

and closure strategies for the reside storage areas at all three refineries. The RPLG 

was formed in May 1992 and has met three times to review progress. 

A preliminary long-term management plan has been developed for Pinjarra and is 

under development for Wagerup. Community consultation will be a feature of the 

development of the plans. A brochure outlining the issues involved will be distributed 

widely within Waroona and the adjoining districts in the near future, and comment 

will be invited at a refinery open day during the course of the public review period for 

this CER. 

The RPLG has identified the key issues to be addressed by the long-term plans as 

residue area rehabilitation and land use, water (effluent) management, financial 

provision for closure and long-term management, and future land ownership, control 

and liability issues. Ultimately, the closure strategies will be subject to the approval 

of the Minister for Environment. 

Alternative Uses for Residue 

Alcoa has examined a wide range of alternative uses for bauxite residue for more than 

15 years. This work will continue. One of the most promising beneficial uses 

demonstrated so far is its use as a soil amendment to reduce the leaching of nutrients 

from agricultural and horticultural activities on the sandy soils of the Swan Coastal 

Plain. The accumulation of nutrients in wetlands and estuarine systems has resulted 

in large-scale eutrophication of these water bodies and consequent diminution of their 

conservation, recreation and commercial value. 

The widespread use of bauxite residue in the Peel-Harvey catchment has been the 

subject of a Public Environmental Review approved by the Minister for Environment 

in February 1994. Negotiations between Alcoa and the State Government aimed at 

achieving a mutually acceptable structure for the release of residue are underway and 

once concluded should allow residue from the Wagerup Refinery to be more readily 

available for a range of soil amendment uses. 
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Bunbury Port Facilities 

Dust Emissions 
Elevated dust levels occur periodically at the Bunbury shipping terminal and train 

loading/unloading facilities shared by Alcoa and Worsley Alumina. The cause of the 

dustiness appears to be partly related to ship loading operations (particularly 

associated with certain vessels) and partly to the general susceptibility of some of the 

port area to fugitive dust generation. There are no residential developments in the 

area but the dust has caused occasional complaints from employees of the nearby 

SEC WA power station. 

Further dust monitoring is planned to help pinpoint the causes of dust generation and 

develop appropriate control strategies. These might include the establishment of more 

vegetation, surfacing of frequently trafficked areas and modifications to dust control 

devices on the shiploader. 

Caustic Soda Handling 
Following the detection of limited shallow soil contamination in the vicinity of the 

training loading station and overspill lagoon, modifications have been carried out to 

caustic filling equipment to provide cut out prior to rail wagons being overfihled and 

to reduce dripping. The overspill lagoon has been upgraded with the installation of a 

double-lined sump and concrete aprons. 

The groundwaters beneath the terminal area are naturally brackish to saline. On 

mixing with seawater, any dilute caustic soda is quickly neutralised. Consequently no 

adverse impact are expected for the minor spillages that may have occurred in the 

past. One extra caustic soda storage tank will be required at the port facility to cater 

for the increased production at the refinery. This will be constructed with appropriate 

secondary containment and high level alarms to guard against accidental overfilling 

during ship unloading. 

Corn rn unity 

Demography, Employment and Housing 

The expansion is expected to create about 260 new permeant jobs at the mine and 

refinery. It is expected that several positions will be established in service industries 

for each person directly employed in the operations. Up to 1300 people will be 

employed in the construction of Unit III, which will occur over a period of between 
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eighteen months and two years. A further construction phase will occur when the 

enhancements are built. 

Almost all the new employees are expected to live in the Peel Region, Shire of Harvey 

or Bunbury. About 30% will probably live in the Shire of Waroona, but a larger 

proportion will probably choose to live on the coast, mainly at Mandurah. 

The communities involved have the infrastructure, services and residential land 

available to readily absorb the extra employees and their families. 

Community Liaison and Consultation 

Refinery and mine personnel conduct regular meetings with the Waroona Shire 

Council. Shire officers and councillors from Waroona and Harvey, regional planning 

officers and the local member of Parliament have all been appraised of the proposed 

expansion and relocation of the Willowdale mining operations to Willowdale North. 

A substantial number of these people, and representatives of relevant state agencies, 

have visited the Willowdale Mine and viewed the alternative conveyor routes to 

Willowdale North. 

All near neighbours in the Willowdale North area have been briefed on the proposed 

relocation of the mining operations. An invitation to tour the mine will be extended in 

the near future. Additional groups advised about the Willowdale North plans include 

the Lane Poole Reserve Advisory Committee, Recreational Fishing Association and 

local apiarists. Any concerns expressed during these briefings have been noted and 

will be taken into account in planning and managing the mining operations. Liaison 

with neighbours in particular will be an interactive and ongoing process. 

In August 1994 independent consultants were retained to conduct a further survey of 

local community attitudes towards all issues connected with Alcoa's operations at 

Wagerup. A questionnaire was developed from the results of discussions with six 

focus groups. About 10% of the population in Waroona and local districts over the 

age of 18 (351 people) were interview. About 81% of those interviewed had no 

particular concerns about the refinery or its expansion, and 19% had varying levels of 

concern about a number of issues. 	Concerns included possible increased 

environmental damage (5%), pollution (4%) and the destruction of forest (3%). Other 

issues raised by smaller numbers of people included the increased size of the residue 

storage areas, noise, dust from the residue areas, groundwater contamination, dust 

from trains and increased traffic. The issues of dust from trains and increased noise 
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were raised by Yarloop residents only. Yarloop is within 4 km of the refinery and 3 

km of Alcoa's southern property boundary. 

The concerns outlined above have been addressed in this CER and further opportunity 

to discuss them will be made available by holding an open day at the refinery during 

the course of the public review period (24 October - 18 November 1994). An open 

day held earlier this year to celebrate the 10th anniversary of the refinery's 

commissioning attracted 450 visitors. 

A particular view expressed during the previous community attitude survey held in 

1989 was a perceived lack of adequate ongoing communication. its reinforcement in 

the latest survey indicates that further effort is required in this area. 

Farm Buffer 
The farm buffer will continue to be operated as a commercial farming enterprise 

compatible with other land uses in the district. Development of a long-term 

management plan for the whole land holding has commenced. The planning approach 

will be based on a model developed for Pinjarra in 1992. It will complement the 

existing whole farm plan developed this year in conjunction with the Department of 

Agriculture and the Community Catchment Centre at Pinjarra. 

Decommissioning Plans 

Alcoa anticipates the Wagerup refinery and associated mining activities at Willowdale 

minesite will continue to operate for at least 50 years. On completion of the 

operations the company will decommission the plant, mine and residue storage 

facilities and carry out reasonable restoration measure appropriate to the future land 

uses of the areas involved. These will be determined in consultation with relevant 

state, regional and local authorities. 	Mine crusher sites will be rehabilitated 

immediately following the relocation of the crusher and mining of any residual 

bauxite in the vicinity. 

On decommissioning of the refinery, the plant and ancillary works will be dismantled 

unless required for ongoing management of the site or other purposes related to the 

future use of the site. Long-term management plans for the residue storage areas will 

be periodically reviewed and updated to ensure compatibility at closure with projected 

land-use requirements. 
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1. INTRODUCTION 

1.1 	BACKGROUND TO PROPOSAL 

In 1978 Alcoa of Australia Limited (herein referred to as Alcoa or the company) 

entered into an agreement with the State of Western Australia to establish an alumina 

refinery at Wagerup to be supplied with bauxite from a new mine - the Willowdale 

Mine - located near Mt. William. The Wagerup Refinery was to be the third in 

Alcoa's Western Australian bauxite - alumina system. Its ultimate production 

capacity was envisaged to be 4 million tonnes per annum. 

The agreement was ratified by the Alumina Refinery (Wagerup) Agreement and Acts 

Amendment Act of 1978. As required under the terms of the Act, a draft 

Environmental Review and Management Programme (ERMP) for the proposed 

refinery was submitted to the Environmental Protection Authority (EPA) in May 

1978. 

After extensive public comment and a detailed review of the draft ERMP by a 

Technical Advisory Group established specifically for that purpose, the EPA 

requested that Alcoa submit a modified proposal for a refinery with a capacity of 2 

rather than 4 million tonnes per annum. The final ERMP for a 2 million tonne 

capacity refinery was submitted in September 1978 and approved shortly thereafter. 

It contained 10 major environmental management commitments which subsequently 

formed the basis of Alcoa's environmental management programme across all its 

Western Australian bauxite - alumina operations. 

Production commenced at Wagerup Refinery in February 1984 and by 1989 its 

capacity had increased to 840,000 tonnes per annum. At that stage Alcoa advised the 

State that it planned to establish a second production unit. Although the 1978 ERMP 

gave environmental approval for a production capacity of 2 million tonnes, the EPA 

requested that Alcoa undertake a further environmental review before it added the 

second unit. A Consultative Environmental Review (CER) was prepared for the 

proposed expansion and submitted to the EPA in October 1989. The CER provided 

an audit of the company's progress on the commitments made in the 1978 ERMP. 

Approval to implement the planned expansion was received from the Minister for 

Environment in March 1990. The conditions of approval and a consolidated list of 

commitments from the 1978 ERMP and 1989 CER are attached as Appendix B. The 
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second unit was commissioned in December 1992 and the production capacity of the 

refinery has since increased progressively to the present level of 1.7 million tonnes 

per annum. 

Alcoa now proposes to further increase the capacity of the refinery by building a third 

production unit and subsequently enhancing the yield of all three units to a total of 3.3 

million tonnes per annum. This will require a proportional increase in the rate of 

bauxite production at the Willowdale Mine. The company notified the Minister for 

Resources Development of the proposed expansion on 28 July 1994 and he referred 

the proposal to the EPA early in August. The EPA has determined that the expansion 

project should be formally assessed by means of another CER. 

1.2 	THIS DOCUMENT 

The purpose of this CER is to describe and evaluate the incremental environmental 

impacts of the proposed expansion of the Wagerup Refinery to a capacity of 3.3 

million tonnes per annum and to describe how these impacts will be managed. The 

EPA Guidelines under which the review was prepared, and a schematic representation 

of the environmental assessment and approval process, are included as Appendix A. 

This document is not intended to reconsider in detail all the issues already dealt with 

in the two previous environmental reviews. Where appropriate, reference is made to 

either the 1978 ERMP or the 1989 CER. References to the 1978 ERMP should be 

interpreted to mean both the draft ERMP published in May 1978 and the final ERMP 

published in September 1978. Copies of these documents are held in the Department 

of Environmental Protection's Reading Room, the J.S. Battye Library, The 

Environment Centre and municipal libraries in the project region. A limited number 

of copies are available from Alcoa on interlibrary loan. 

Reference is also made in this review to Alcoa's 199 1-93 Triennial Review of 

Environmental Research and Operations. Copies of the Triennial Review are held in 

the Department of Environmental Protection (DEP) and Waroona libraries and are 

available from Alcoa on interlibrary loan. 

A list of abbreviations is included in Appendix D. 
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1.3 	THE PROPONENT 

The proponent for this proposal is Alcoa of Australia Limited, a major fully-

integrated aluminium producer with assets in 1994 exceeding $3.5 billion. The 

company's main business in Western Australia is the production and supply of smelter 

grade alumina to world markets, including its own smelting facilities in Victoria. It 

currently supplies about 15% of world alumina demand. 

In Western Australia, the company operates bauxite mines at Jarrahdale, Huntly and 

Willowdale, alumina refineries at Kwinana, Pinjarra and Wagerup, shipping terminals 

at Kwinana and Bunbury, and the Hedges Gold Mine near Boddington (refer Figure 

1). In Victoria, it operates an aluminium smelter and rolling mill at Pt. Henry near 

Geelong and a coal mine and power station at Anglesea. It is a major partner in, and 

the operating manager of, a second smelter at Portland. 

Alcoa is part owner of ACAP Chemicals Pte. Ltd. and ACAP Australia Pty. Ltd. 

These companies supply the worldwide alumina-based chemicals industry using 

specialty alumina feedstock from the Kwinana Refinery. ACAP Australia is also part 

owner of Australian Fused Materials Limited, which operates the fused alumina 

facility at Rockingham in Western Australia. 

Alcoa of Australia Limited is currently owned by Alcoa International Holdings 

Company (51%), Western Mining Corporation Holdings Limited (48.25%), QBE 

Securities Pty. Ltd. (0.5%) and QBE Nominees Pty. Ltd. (0.25%). Both parent 

companies recently announced a restructuring agreement whereby it is intended that 

Alcoa International Holdings will assume 60% ownership of Alcoa of Australia 

Cimited and Western Mining Corporation will assume 40% ownership of most of the 

Aluminum Company of America's worldwide bauxite-alumina operations. 

	

1.4 	EXISTING OPERATIONS 

1.4.1 Willowdale Mine 

Willowdale Mine currently produces 6.6 million (wet) tonnes of bauxite per year from 

a mining area centred on the Arundel crusher site, within State Forest 2.4 km north-

west of Mt. William (refer Figure 2). The mine's initial crusher site was located 3 km 

further west. There are approximately five years of ore reserves remaining in the 
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current mining area, after which it is planned to establish a new crusher site north of 

Samson Brook. 

The first step in the mining process is to define the bauxite orebodies by drilling. 

These orebodies are eventually included on a five year mine plan. Orebodies within 

the plan area are scheduled for mining according to the production, ore grade and 

impurity control requirements of the refinery. At least six months before a particular 

group of orebodies is due to be mined, permission is sought from the Department of 

Conservation and Land Management (CALM) to clear the areas involved. CALM 

supervises the harvesting of timber and minor forest produce from these areas, and the 

remaining material (mainly tree stumps and shrubbery) is cleared and either retained 

for future use in rehabilitating the sites after they have been mined, or heaped and 

burned. 

After the orebodies are cleared, a shallow (0.1 - I m) layer of topsoil and sandy gravel 

overburden are removed by scrapers and either returned to other sites ready for 

rehabilitation or stockpiled nearby. Removal of the overburden exposes a hard 

caprock layer, usually about one metre thick, which must be fragmented by blasting 

or ripping before mining can commence. The bauxite ore comprises the caprock and 

typically two to four metres of more friable earthy material beneath it. 

The mining operation is relatively simple. Front-end loaders extract the bauxite from 

the shallow minepit faces and load it onto haul trucks which transport the ore to a 

mobile crusher. The crushed ore is then transported by conveyor to the refinery. 

The mine operates a fleet of mobile mining equipment, a mobile crusher, the 

conveyor system and a stacker and reclaimer at the refinery stockpile. It currently has 

150 permanent employees and operates an average of between 6 and 7 production 

shifts per week, each shift being 12 hours duration. 

A total of 31 million totmes of bauxite had been produced from Willowdale to the end 

of 1993. This required the clearing of 893 ha of forest, of which 423 ha has already 

been rehabilitated. 
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1.4.2 Wagerup Refinery 

Wagerup Refinery is located approximately 8 km south of Waroona adjacent to the 

South-Western Highway (refer Figures 1 and 2). It lies within 4,500 ha of freehold 

land. Areas not required for refining or residue storage operations are managed 

primarily as a beef grazing enterprise. 

The refinery uses the conventional Bayer process to extract smelter grade alumina 

from bauxite supplied to it from the Willowdale Mine. Ore is reclaimed from 

stockpiles just north of the main plant site, milled and digested in a hot caustic soda 

solution. Residual solids are removed, washed to recover as much caustic soda as 

possible and pumped to a residue storage area west of the plantsite. The process 

liquor passes through precipitation tanks in which hydrated alumina is crystallised out 

of solution. Water of crystallisation is removed by calcination at high temperature. 

The product is stored on site then railed to a shipping terminal at Bunbury. 

A schematic representation of the refining process is given as Figure 3 (refer also to 

section 3.5.1 of 1978 ERMP). Figure 4 shows the plant layout. The refinery 

currently comprises two production units which provide 27% of the 6.4 million tonnes 

of alumina produced annually from Alcoa's three refineries in Western Australia. 

Total alumina production from Wagerup Refinery to the end of 1993 was 7.2 million 

tonnes. 

A gas fired power station is an integral part of the refinery. It is a co-generation 

facility which generates steam and compressed air for process operations as well as 

electricity for the plant and mine. The power station is connected to SECWA's 

electric power distribution grid, which provides peak and standby power 

requirements. 

The refinery currently has around 490 permanent employees and operates 

continuously (24 hours per day, 365 days per year). 

1.4.3 Bauxite Residue Management 

For each tonne of alumina produced at the refinery about two (dry) tonnes of bauxite 

residue are generated. The bauxite residue is pumped from the refinery to residue 

storage facilities on the western side of the South-Western Highway. About half the 

residue from Darling Range bauxite is relatively coarse sand. A fine silt-like "red 
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mud" material, which is the predominant component of the residue from most other 

bauxite deposits, comprises the other half. 

The initial residue storage complex at Wagerup consisted of a 15 ha cooling pond, a 

10 ha sand storage area and a 30 ha mud storage area. A second 32 ha mud storage 

area was completed in 1989 before Mud Area 1 was filled (refer Figure 5). Mud was 

pumped into the storage areas as a low density slurry. Sand was and still is 

continually being excavated from the sand storage area to build retaining dykes and 

drainage systems. 

In 1989 a decision was made to change residue disposal practice at Wagerup by 

implementing "dry stacking". This followed the successful introduction of this 

technique at Pinjarra in 1987 and at Kwinana in 1989. Dry stacking was 

commissioned at Wagerup in 1991. The method involves dewatering the low density 

mud slurry using specialised thickening equipment, then spreading it in thin layers 

over drying beds to allow it to dry and consolidate to a physical condition 

approaching that of natural soil. 

A total of 145 ha of drying area has been constructed at Wagerup to sustain the dry 

stacking operation at current production rates. The method of construction of the 

drying areas is similar to the original wet storage areas in that they include a 

recompacted clay seal and a gravity underdrain system; however the height of the 

perimeter embankments is lower. These embankrnents will be built up progressively 

using residue sand as the height of the stack increases. As with the original wet 

storage areas, alkaline water collected in the underdrain system is returned to the 

refinery for reuse. 

The cost of this conversion was high (over $56 million). However, long-term 

advantages including a substantial reduction in the amount of land required for 

residue storage, lower risk of ground and surface water contamination, less excavation 

of land for embankment construction materials, and improved conditions for surface 

rehabilitation, helped to justify the capital investment required. 
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1.4.4 Water Supply and Management 

The Wagerup Refinery currently uses around 2.2 kl of water for each tonne of 

alumina produced. This water is sourced from winter runoff which is collected in 

small reservoirs on South Yalup Brook (near the refinery) and on the Samson Brook 

South Drain (near the residue storage area). In addition, all rainwater falling on the 

plantsite and residue areas is captured and stored for use by the refinery. 

Towards the end of the exceptionally dry summer of 1994, 340 Ml of water was 

purchased from the Water Authority at the industrial rate. 

Water supply and stormwater management issues were considered in some detail in 

the 1978 ERMP and in Appendix 2 of the EPA's Report and Recommendations on the 

1989 CER (EPA 1989). 

1.4.5 Alumina and Materials Handling 

Materials and alumina handling issues were discussed in the 1978 ERMP. Bauxite is 

conveyed to the refinery by overland conveyor to two stockpiles at the north end of 

the plantsite. Alumina produced at the refinery is railed to Bunbury and exported 

through a shipping terminal shared with Worsley Alumina Pty. Ltd. Fifteen 

permanent employees work at the Bunbury Port facility. 

Caustic soda is imported through the Bunbury shipping terminal and railed to 

Wagerup. Other raw materials such as lime, flocculants and acid are trucked to the 

refinery from suppliers in the Perth metropolitan area. Storage facilities for alumina 

and most raw materials except caustic soda are located at the refinery. The main 

caustic soda storage tanks are located at Bunbury. 

1.5 	LEGISLATIVE AND PLANNING FRAMEWORK 

Alcoa's bauxite-alumina operations in Western Australia are subject to the Alumina 

Refinery Agreement of 1961. The Agreement, ratified by Act of Parliament, outlines 

the rights and responsibilities of both the company and the State of Western Australia. 

Alcoa's mineral lease in the Darling Range (ML 1 SA) was granted under the terms of 

the Agreement. 
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The principal Alumina Refinery Agreement applies to all three of Alcoa's W.A. 

refineries and their associated mining operations. Subsidiary Agreements specify 

conditions applicable to the Pinjarra or Wagerup projects alone, and in some instances 

amend the principal Agreement. Thus the Wagerup Refinery was established under 

the terms of the Alumina Refinery (Wagerup) Agreement and Acts Amendment Act 

1978. 

Subsequent major amendments to the principal Agreement, which are applicable to 

the Wagerup/Willowdale operations, include the Alumina Refinery Agreement 

Amendment Act 1986 and the Alumina Refinery Agreements (Alcoa) Amendment 

Act 1987. These deal with a number of important issues such as Alcoa's commitment 

to forego the bauxite resources in the System 6 conservation reserves established in its 

mineral lease in the mid 1980s. 

Like most other major industrial projects established in Western Australia over the 

past two decades, the Wagerup and Willowdale operations are subject to a wide range 

of legislative and regulatory controls. The following list is indicative. 

Aboriginal Heritage Act 1972 

Australian Heritage Commission Act 1975 

Conservation and Land Management Act 1984 

Dangerous Goods Regulations 1992 

Endangered Species Protection Act 1992 

Environmental Protection Act 1986 

Environmental Protection Policies and Regulations (W.A.) 

Explosives and Dangerous Goods Act 1961 

Hazardous and Toxic Substances Regulations 

Health Act 1911-1979 and Regulations 

Heritage of Western Australia Act 1990 

Mining Act 1978-87 and Regulations 

Noise Abatement (Neighbourhood Annoyance) Regulations 1979 

Occupational Health, Safety and Welfare Act 1984-87 

Rights in Water and Irrigation Act 1915 

Soil and Land Conservation Act 1945-82 

Water Authority Act 1984 

Waterways Commission Act 1976 

Wildlife Conservation Act 1950-1980 
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Pollution control licences issued by the DEP under the Environmental Protection Act, 

and administered by either the DEP or the Water Authority, place limits and reporting 

requirements on the discharge of wastes to the atmosphere, land or water. 

Alcoa's operations are somewhat unique in the extent to which the planning of certain 

key activities is subject to regular review and approval by the State. Five and ten year 

mine plans are submitted annually for review by a Mining and Management 

Programme Liaison Group (MMPLG) established under the Alumina Refinery 

(Wagerup) Agreement. The plans and associated management programmes are 

subject to approval by the Minister for Resources Development on the advice of the 

MMPLG. The process is described in more detail in section 5.1.1. Long-term residue 

area management plans are reviewed by a Residue Planning Liaison Group (RPLG). 

These plans will ultimately require the approval of the Minister for Environment, on 

the advice of the RPLG. 

As required under the Alumina Refinery (Wagerup) Agreement, Alcoa has submitted 

annual and triennial reviews of its environmental research and operations to the State, 

through the Department of Resources Development, since 1979. These reviews have 

been circulated to all relevant state agencies for comment. Copies of the triennial 

reviews have been made available for public perusal in the DEP Reading Room since 

the first was published in 1981. In more recent years copies have also been supplied 

to the Waroona Library. 

	

2. 	BENEFITS AND ALTERNATIVES 

	

2.1 	ECONOMIC BENEFITS 

The construction of a third production unit at Wagerup is a major development project 

for the Peel Region of Western Australia with significant economic and social 

benefits including: 

employment and added value impacts of the construction programme 

the continuing employment and added value impacts of the expanded mine 

and refinery operations 

a significant contribution to the nation's balance of payments and 

a major contribution towards decentralisation and regional development. 
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The initial construction phase of the project will cost approximately $620 million; 

however the full construction cost to achieve the 3.3 million tonnes per year annum 

(3.3 Mtpa) capacity will exceed $960 million. About 85% of this expenditure will be 

in Australia. 

The additional export revenue generated solely by the higher production capacity will 

vary between $300 million per year and $500 million per year, depending upon the 

stage of the business cycle for alumina. By way of comparison, at current market 

prices this represents more than twice the value of Australia's entire live sheep export 

trade. 

The additional annual expenditure necessary to generate the revenue is approximately 

$220 million per year, of which approximately 88% will be spent within Australia, 

and over 70% will be spent within Western Australia. 

The flow-on effect of these expenditures will deliver an increased cash flow to the 

community via the State and Federal Governments, through company and individual 

income taxes, through royalty payments, payroll tax and other miscellaneous 

government imposts and through increased use of services. The more apparent 

payments of taxes and similar charges will deliver additional revenue of at least $30 

million per year to the Federal Government and $15 million per year to the State 

Government. 

The expansion will significantly lower Wagerup's cash operating costs per tonne of 

alumina produced and position the refinery to remain one of the lowest cost alumina 

refineries in the world. This will improve the competitiveness of Alcoa's Western 

Australian refining system and help ensure that these facilities, which provide direct 

employment for more than 4000 persons and indirect employment for several times 

that number, remain competitive into the next century. 

2.2 	COMMUNITY BENEFITS 

Apart from the economic benefits outlined above, the proposed expansion will 

generate significant employment opportunities. Unit III will be constructed over a 

period of between 18 months and two years, requiring a peak construction work force 

of 1,300. There will be additional construction activity for the enhancement stage. 
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The combined Wagerup/Willowdale permanent workforce of 640 will increase to 

about 900 when the refinery reaches a capacity of 3.3 Mtpa. Several jobs are created 

in service industries for each person directly employed in the mining-refining 

operations. Some of these service jobs will be located in the Peel Region. More than 

160 contractors currently work at the refinery or mine in a wide range of occupations. 

Most of the Wagerup/Willowdale employees live in the Peel Region, Harvey, Yarloop 

or Bunbury, and help provide these communities with a strong economic base. It is 

expected that the additional workforce will require housing in the same area, leading 

to expansion of these communities and consequent economic input. Payroll generated 

by the operations has risen from just under $9 million in 1984 when 354 people were 

full-time employees, to more than $27 million in 1993. The additional permanent 

employees required for the expansion will add some $9 million to payroll purchasing 

power. 

Alcoa is the largest local source of sponsorship funding for community activities. 

Financial and material assistance is provided regularly for community activities in the 

Shires of Waroona and Harvey from a budget managed by the Wagerup Refinery. For 

example, a special grant of$150,000 covering the 1991-93 triennium was made to the 

Shire of Waroona to assist in the establishment of a new library. The regular 

Community Assistance Programme budget will be increased by 75% to $50,000 

during 1995. This is in addition to any benefits which accrue to the district from 

centrally managed community assistance projects funded across Alcoa's W.A. 

operations. An additional $50,000 per year for five years is being considered as a 

capital contribution to the Waroona Shire Council for a heated community swimming 

pool. This particular facility is favoured by the majority of ratepayers. 

2.3 ALTERNATIVES 

From a Western Australian perspective, realistic alternatives to the proposed 

expansion at Wagerup Refinery are: 

expand another refinery in Western Australia 

establish a new refinery in Western Australia 

maintain overall production at current levels and accept a declining position in 

the world alumina market. 
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There are economic and environmental reasons for Alcoa to expand Wagerup rather 

than its Kwinana or Pinjarra operations. Of the three refineries, Wagerup has the 

most up to date technology, the highest energy efficiency and the greatest potential for 

achieving further economies of scale. 

By comparison with Kwinana in particular, the accessible bauxite resource is 

relatively large and there is a much lower risk of urban encroachment on refinery and 

residue storage operations. With its existing production capacity of 2.95 Mtpa, 

Pinjarra is already a large refinery by world standards. 

The option of maintaining Western Australia's share of the world alumina market by 

establishing a new refinery is not economically viable for Alcoa at the present time. 

The capital cost would be at least 60% higher than an expansion at Wagerup and the 

time required to bring the additional capacity on stream would increase by at least a 

year. It would be necessary to purchase or lease several thousand hectares of land and 

clear several hundred hectares simply to duplicate facilities which already exist at 

Wagerup and Willowdale. 

The options of not expanding any of the W.A. refineries, or expanding Wagerup but 

reducing production at Kwinana or Pinjarra, would result in the increased market 

demand being met by increased production elsewhere in Australia or overseas. In this 

case, the economic benefits would be lost to Western Australia and probably 

Australia. So too would most of the environmental costs, but it is worth noting that 

the most likely alternative sources of supply would use coal or fuel oil for power and 

steam generation and/or calcination. These fuels release much larger quantities of 

sulphur dioxide and "greenhouse" gases than does the natural gas used in Alcoa's 

W.A. refineries. Furthermore, the standards of mine rehabilitation and residue 

management achieved by the operations in Western Australia are generally regarded 

as world benchmarks within the bauxite-alumina industry. 

3. 	DETAILS OF THE PROPOSAL 

3.1. WILLOWDALE MINE 

3.1.1 Areas to be Mined 

The expansion to the refinery will result in a proportional increase in the rate of 

mining. The areas mined will be the same as those which would be mined if no 
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expansion were to occur, only the timing will change. Virtually all the areas involved 

are jarrah forest managed by the Department of Conservation and Land Management 

(CALM) on behalf of the Lands and Forest Commission or the National Parks and 

Nature Conservation Authority. 

Mining will remain initially in the Samson and Waterous forest blocks with minor 

extensions into the Driver, Hoffman and Federal blocks east of Mt. William (refer 

Figure 6). These areas all lie within the northern part of the probable 30 year mining 

region defined in the 1978 ERMP. 

It is currently planned to relocate the crusher north of Samson Brook around 1999, 

requiring construction of a causeway crossing at the southeastern end of Lake 

Kabbamup (Samson Dam reservoir) in the summer of 1995-96. This relocation is 

independent of the proposed expansion of Wagerup Refinery. 

Once the causeway has been constructed, some bauxite immediately east of Lake 

Kabbamup will be mined from about 1997. This ore will be trucked initially to the 

existing crusher site. From about 1999 all Willowdale's mining operations will be in 

the Willowdale North area comprising the Waroona, Nanga, Park and northern parts 

of the Samson and Federal forest blocks. 

Alcoa previously planned to access the bauxite reserves between the Murray River 

and Samson Brook from its Del Park Mine near Dwellingup. The Del Park 25 year 

mine plan prepared in 1982 proposed a major conveyor and road crossing of the 

Murray River downstream from the existing Nanga Road bridge. Mining was to 

commence in the Park forest block within what is now part of the Lane Poole Reserve 

recreation zone about the year 2000. 

This mine plan was included in Alcoa's submission on CALM's draft Lane Poole 

Reserve Management Plan in 1986 and presented at a public workshop held by 

CALM for the purpose of obtaining input to the final management plan. However a 

concurrent review of the long-term mining strategies for the Del Park and Huntly 

Mines led to a decision to phase out production at Del Park and expand the capacity 

of the Huntly Mine by an equivalent amount. As a consequence of this decision, 

which was formally endorsed by the then State Government, the only practicable 

means of accessing the bauxite reserves between the Murray River and Samson Brook 

is from the Willowdale Mine. 
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There is sufficient ore in the Willowdale North area to supply the expanded Wagerup 

Refinery for ten to fifteen years depending on the timing of the two stages of the 

proposed expansion at Wagerup and the refinery's ore grade and impurity control 

requirements. There is currently insufficient information to determine where the 

crusher will be relocated after Willowdale North, but a probable scenario is for the 

operations to return to the southern part of the mining region defined in the 1978 

ERMP and then move further south or east. The sequence of mining will be 

determined by agreement with the State's Mining and Management Programme 

Liaison Group. 

3.1.2 Additional Mine Facilities 

It is currently planned to retain the main mine facilities at the existing site. Mining at 

Willowdale North will be catered for by constructing an office, crib rooms, a fuel bay, 

vehicle parking and other satellite facilities. Similar satellite facilities exist at the 

Huntly Mine. They will be removed after mining at Willowdale North is completed. 

Access will be either via the existing facilities at Willowdale or direct from Waroona. 

Figure 6 shows the current concept for the location of the crusher, conveyor and 

access road. 

Water for the mine is currently supplied from a reservoir at the refinery on South 

Yalup Brook (Figure 5). This will continue to be the case in the short term; although 

an alternative source of supply closer to the new crusher site may be required when 

the mining operations move completely to the Willowdale North area. 

The increased production at Willowdale will be met by increasing the number of 

production crews from two up to four at maximum production, allowing an extra five 

to six shifts to be worked each week. Increases in the mobile equipment fleet will be 

minor and will primarily be to cater for the additional mine development and 

rehabilitation needs rather than production. 

3.1.3 Bauxite Transport 

The mine will continue to operate with one primary crusher and one conveyor line. 

There will be no change in the way the primary crusher and conveyor are operated, 

but a substantial increase in throughput will be achieved by installing a secondary 

crusher and reducing conveyor downtime. The preferred conveyor alignments avoid 
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the most environmentally significant areas of the valley of Samson Brook and have 

been sited to optimise environmental and operational requirements. 

3.2 	WAGERUP REFINERY 

3.2.1 Additional Plant 

The proposed expansion at Wagerup Refinery will see a third production unit added 

to the two already operating. In form and function, the additional plant will not differ 

from that existing, replicating all process steps from bauxite stockpiling through to 

alumina calcination (refer Figure 3). 

The technology is basically the same as that existing now, with some technology 

advances being incorporated in new designs for the sand and mud washing/filtration 

steps. Expansion will initially include a simple replication of existing plant, followed 

some years later by additions and modifications to improve process yield across all 

three units. The layout proposed for the expansion is shown in Figure 4. Additional 

process modules to be built as part of the two expansion stages are shown in Table 

3.1. 

The schedule for construction of Unit III is currently uncertain but preliminary site 

works could commence as early as February 1995. In this case production could 

commence by the end of 1996. The timing of construction of both Unit III and the 

enhancements will depend on world alumina market conditions. It is possible, but 

unlikely, that the refinery will reach the proposed production capacity of 3.3 Mtpa 

before the end of this decade. The estimate given in the draft ERMP of May 1978 

was for a production capacity of 3.5 Mtpa to be reached around the year 2000. 

3.2.2 Raw Materials, Water and Energy 

As the output from the refinery is increased, so too will the resource requirements to 

process the bauxite ore. Initially the usage rates per tonne of alumina will remain the 

same, or undergo a small temporary increase. After a settling in period, usage rates 

will decline as product recovery yields improve. The enhancement phase will ensure 

that Wagerup continues to be one of the most efficient refineries in the world. 

Resource requirements in absolute quantities and on a production normalised basis are 

given in Tables 3.2 and 3.3. 
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Table 3.1: Wagerup Refinery Facilities 

Facility 
Current 
Facilities 

Additional Facilities 
Unit III 2.65 - 3.3 

(2.65 Mtpa) Mtpa 
Ore Stockpiles 2 - 2 
Ore Reclaimer I - 
Ore Stacker I - 1 
Grinding Mill 3 - 1 
Slurry Storage Tanks 3 2 - 
Digestion Unit 2 1 upgrade units 1 - 3 
Sand Removal Train 3 1 upgrade 
Mud Washers 12 2 upgrade 
Mud Thickeners 5 1 upgrade 
Precipitation Tanks 48 24 12 
Surge/Equalisation Tanks 11 7 2 
Oxalate Removal Plant I upgrade - 
Calciners 3 1 1 
Powerhouse:- 
- Boilers 3 1 1 
- Turbo alternators 3 1 1 
- Compressors 4 2 - 
Caustic Storage Wagerup 1 - 1 
Residue Mud Thickeners 1 1 - 
Low Alkalinity Water - I - 
Storage Lake 
Potable Water Storage 1 expanded - 
Make-up Water Storage 2 expanded - 
Inorganic Impurity - - 1 
Removal System 
Administration/Amenities 1 extensions - 
Caustic Storage Bunbury I I - 
Train Loading/Unloading 10 2 - 
Stations Bunbury  
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Table 3.2: Raw Materials Usage 

Material or Resource  Capacity (Mtpa)  
1.75 2.65 3.3 

Current Unit III Enhanced 

Bauxite, as mined 6.6 10.2 12.4 

(Mt/year) 
Energy Index (excluding 1.0 1.5 1.7 

mine fuel use) (1) 
Electricity (MW) (-ye -2 -6 +5 
import, +ve export) 
CausticSoda Index (1) 1.0 1.3 1.6 

Lime (kt/year) 90 130 105 

Water, Refinery (Gl/year) 1.5 2.1 2.6 

Water, Mine (Gl/year) 0.2 0.3 0.4 

Bauxite Residue Output 3.5 5.2 6.3 

(Mt/year) 
Residue Drying Area (ha) 145 245 300 

Forest Cleared (ha) 140 210 260 
Mine Fuel Use (MI/year) 4.1 6.5 8.0 

Table 3.3: Raw Materials and Resources - Usage Rates 

Resource  Capacity (Mtpa)  
1.75 2.65 3.3 

Bauxite (dry) (lIt) 3.5 3.5 3.4 
Energy Index (1) 1.0 1.0 0.9 
Caustic Soda Index (1) 1.0 0.8 0.8 
Lime (kg/t) 50 50 30-35 
Water (net) (kl/t) (2) 0.85 0.8 0.8 
Residue (t/t) 2.0 2.0 1.9 
Residue 	Alkalinity 12 - 15 6 - 8 6 - 8 
(g/l)  

Note: (1) indexed relative to current consumption as 1.0 

(2) for an average rainfall year 
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Notable improvements are predicted in caustic soda, lime and energy consumption 

rates. The reduced residue alkalinity and caustic soda demand result from improved 

residue washing and thickening technology, which will enable recovery of a greater 

proportion of the alkali previously lost with the residue. Product yield improvements 

from these and other advances are expected to have the effect of lowering the energy 

demand per tonne. 

The sources of raw materials to be utilised in the expanded refinery are expected to 

remain as they are currently. 

Natural gas will be sourced from W.A. natural gas fields including the Griffin and 

North-West Shelf fields. Electricity shortfalls in the early stage of expansion will be 

supplied from the SECWA grid. With the enhanced expansion Wagerup Refinery 

will be capable of exporting electricity to the state grid. 

Caustic Soda will be imported from manufacturers in Canada, Europe, Japan, the 

Middle East and United States and will continue to be stored mainly at the Bunbury 

Port facility. Caustic will be railed to Wagerup as now. Trains will operate at the 

same frequency, but will be a few wagons longer. 

Lime will be sourced from W.A. lime manufacturers who currently produce industrial 

grade lime from limestone and lime sand deposits in the Perth region. It will continue 

to be trucked daily to Wagerup. 

Water will continue to be sourced from Samson South Drain, South Yalup Brook, and 

runoff collected from the plantsite and residue areas. 

Acids, flocculants, petroleum fuels and other materials will be sourced from 

Australian manufacturers and refiners wherever available. Some will be imported. 

Fuel oil supplies will continue to be transported by rail and stored at the refinery. All 

other materials will be transported by road on an irregular basis. 
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3.2.3 Alumina Transport and Storage 

The current alumina storage facilities at Wagerup Refinery and Bunbury shipping 

terminal are capable of satisfying the requirements of the expanded refinery. 

Alumina trains from Wagerup to Bunbury will increase in average size from 34 

wagons to 42 wagons, and the frequency will increase from an average of between 

two and three trains to between three and four trains per day. Three southbound trains 

per day originate from Pinjarra. 

	

3.3 	BAUXITE RESIDUE MANAGEMENT 

The planned increase in alumina production to 2.65 Mtpa will require an additional 

active drying area of approximately 100 ha, increasing the total area to 245 ha. At 3.3 

Mtpa the total active drying area requirement will be around 300 ha. As perimeter 

embankments are raised available drying surface areas contract, requiring an 

offsetting increase in the area of land utilised for residue storage. Figure 5 shows the 

approximate land area to be utilised over the next 50 years. 

Additional infrastructure will be required at the residue area, proportional to the 

increase in drying area. Pipes, pumps valves, headers and mobile equipment needs 

will all gradually increase. In terms of fixed infrastructure the main addition will be a 

new super thickener in parallel with that existing at present. 

	

3.4 	BUNBURY PORT FACILITIES 

The management of inventory to keep total stored volumes within the existing storage 

capacity will involve larger and more frequent shipments of alumina from Bunbury. 

Shipments will increase from an average of 40,000 tonnes to 65,000 tonnes per vessel, 

with a small increase in the number of vessels. This increased level of shipping can 

be met at Bunbury without the need for additional ship berthing infrastructure. The 

only changes likely will be a need for one additional caustic soda storage tank and an 

upgrade of rail loading/unloading facilities by the addition of a further two loading 

stations. 
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4. 	EXISTING ENVIRONMENT 

A comprehensive description of the existing environmental conditions around the 

refinery and residue storage area, and in the existing mining area, is given in section 5 

of the 1978 ERMP. 

The project area spans several geomorphic divisions. The refinery site is located on 

the Ridge Hill Shelf, the mining area is on the Darling Plateau and the residue storage 

areas on the Pinjarra Plain. The area has a Mediterranean climate with cool wet 

winters and hot dry summers. Annual rainfall in the refinery area averages 1050 mm 

with 55% falling in winter. The rainfall in the mining area is up to 20% higher but 

with a similar seasonal distribution. 

The northern extension of the Willowdale Mine was not included in the 30 year 

mining region outlined in the 1978 ERMP. The bio-physical environment of this area 

is described below. 

	

4.1 	WILLOWDALE NORTH AREA 

4.1.1 Landforin and Soils 

The proposed northern extension of the Willowdale Mine is on the western edge of 

the Darling Plateau, an area of Archaean granite and other igneous rocks. The 

western edge of the plateau is more commonly known as the Darling Range because 

of its higher relief. 

The soils and landforms in the region have been described and mapped by McArthur 

(1991). Landforms in the Willowdale North area are much the same as those in the 

current mining area, except there are no significant areas of the Cooke landform 

associated with prominent hills like Mount William, and there is a small area of the 

deeply incised Helena landform west of Lake Kabbamup. The proportions of the total 

landscape at Willowdale North represented by lateritic uplands, minor valleys and 

major valleys do not vary substantially from those in the current mining area. 
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4.1.2 Surface and Ground Water 

The hydrology, drainage patterns, stream runoff, water quality and water resources 

development of the Willowdale area, including Willowdale North, were described in 

the 1978 ERMP. Since land use and management activities from 1978 to 1994 were 

similar to those before 1978, these data and descriptions are still applicable. 

The major streams draining the Willowdale North area are Samson Brook, Drakes 

Brook and Nanga Brook. Tributaries of Big Brook and Christmas Creek drain 

smaller areas east of Nanga Road while Vince Brook, Kyabram Brook, Nyngan Brook 

and Cypress Brook drain areas north of Waroona Road. 

Some of the mining in the Willowdale North area will occur in the catchments of 

three water supply dams: Samson Dam (Lake Kabbamup), Samson Pipehead Dam 

and Waroona Dam (Lake Navarino). The water from Samson Dam is used for 

irrigation and potable water, from Samson Pipehead Dam for potable water and from 

Waroona Dam for irrigation. Waroona Dam is also used for water-based recreation. 

Numerous small agricultural dams exist in the foothills and scarp area with some 

farmers relying on summer base flows for a variety of purposes. At the time of 

writing no further major water resources developments were planned. 

The Willowdale North area is all within the high rainfall zone (>1100 mm per year) of 

the Darling Range which produces relatively high yields of good quality surface 

water. There are no Water Authority stream gauging stations on any of the streams 

draining the study area, but water quality data are available for Lake Kabbamup and 

Lake Navarino. Table 4.1 summarises these data and shows the quality of the water 

to be very good. 

Alcoa established stream water quality monitoring points in the Willowdale and 

Willowdale North area in 1977. Representative points were regularly monitored up to 

1979 and the data values obtained were similar to those for the two dams. Salinity 

data for these points are summarised in Table 4.2. Additional stream sample points 

were established on Nanga Brook and the streams north of Waroona Road in May 

1994. All sampling points in the study area were sampled for salinity in May and July 

1994, and the results are included in Table 4.2. Results obtained in 1994 were very 

similar to the earlier samplings. 
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Table 4.1: 	Summary of Water Quality Data (Water Authority of W.A.) 

Parameter 

Lake Kabbamup (613010) 

No. of 	Minimum 	Maximum 	Average 

Samples   

Lake Navarino (613009) 

No. of 	Minimum 	Maximum 	Average 

 Samples  

Turbidity (NTU) 39 0.5 15.0 2.2 80 0.5 25.3 2.8 

pH 62 6.0 7.9 6.8 126 6.5 8.2 7.1 

Sodium (mg/I) 2 24.0 24.0 24.0 6 28.8 36.0 32.9 

Chloride (mg/l) 62 12.0 74.0 47.5 138 42.0 97.0 68.4 

Total 	Alkalinity 12 2.5 10.0 5.3 30 6.0 22.0 10.9 

(mg/i) 

Total Hardness (mg/I) 12 12.0 26.0 17.7 30 19.0 40.0 27.5 

TDS (180°C)(mg/1) 10 70.0 176.0 104.0 24 114.0 186.0 147.0 

EC(mS/m) 87 11.3 22.6 16.4 186 15.7 34.3 23.3 

TSS** (mg/1) 87 47.3 104.6 73.2 186 69.6 164.0 108.2 

** 	Total soluble salts (TSS) calculated from electrical conductivity (EC) using the formula: TSS (mg/l) = 5.073 EC + 10.1 



Table 4.2: 	Summary Of Stream Water Quality Data From Alcoa Sampling Points 

Catchment No. of 

Points 

Sampling 

Periods 

No. of 

Samples 

EC @ 25°C 

 mS/rn  

TSS 
* 

 mg/l  

pH 

Mm. Max. Av. Mm. Max. Av. Mm. Max. Av. 

Samson Brook # 18 1977-79 152 14 25 17 79 135 97 5.4 6.9 6.2 

1994 10 16 20 17 89 109 98 5.5 5.8 5.6 

Drakes  Brook # 14 1977-79 124 16 87 26 89 453 143 5.5 7.4 6.5 

1994 14 17 39 24 96 208 135 5.5 6.0 5.8 

Nanga Brook 9 1994 16 11 31 19 69 167 106 5.7 6.0 5.7 

Big Brook 13 1977-78 45 17 33 23 94 179 127 6.4 7.8 6.8 

1994 14 17 37 21 94 198 119 5.7 6.0 5.9 

Tributaries** 8 1994 16 13 25 18 74 137 102 5.5 5.9 5.7 

* 	TSS derived from EC using the formula: TSS (mg/i) = 5.073 EC + 10.1 

Sample points are all upstream of Lake Kabbamup (Samson Dam) and Lake Navarino (Waroona Dam) respectively. 
** 	Tributaries includes Waldeck Brook, Kyabram Brook, Nyngan Brook and Cypress Brook which are all tributaries of the Murray River. 



No soil salt storage and groundwater data are available for the immediate Willowdale North 

area but, because of its similar rainfall, drainage patterns, landform and vegetation, it is 

expected to have similar salinity characteristics to other areas of the high rainfall zone in 

which Alcoa currently operates. Data are available for 21 boreholes drilled in and around the 

current Willowdale mining area. The average volumetric total soluble salts (VTSS) for these 

bores is 0.09 kg/rn3  (range 0.04 to 0.20 kg/rn3) which is at the low end of the typical range 

for the high rainfall zone. Groundwater salinity samples collected from these boreholes 

ranged from 77 to 244 mg/l total soluble salts (TSS). 

Another indication that the study area has low soil salt storages typical of the high rainfall 

zone is the results of the stream baseflow sampling survey carried out in May 1994, after the 

driest summer on record. The water flowing in the streams on this date can be assumed to be 

groundwater discharge and thus representative of the overall groundwater quality of the area. 

Thirty three points were sampled giving an average TSS of 120 mg/I (range 68 to 209 mg/I) 

with 28 of the points having TSS values below 140 mg/l. 

Alcoa proposes to drill up to 20 representative soil salinity/groundwater bores in late 1994 to 

confirm that soil salt storages and groundwater salinities for the Willowdale North area are 

typical of the high rainfall zone. However, it can be predicted with a very high level of 

confidence that this will be the case. 

4.1.3 Flora 

The Willowdale North mining area lies within the Darling Botanical District of the South-

western Botanical Province (Beard 1980). A comprehensive botanical survey of the southern 

part of the area (approximately 5900 ha) has been completed by E.M. Mattiske & Associates 

(Figure 7). The vegetation of the northern part of the area is currently being surveyed and a 

report is expected by the end of 1994. It is Alcoa's normal practice to compile an inventory 

of forest flora 10 years ahead of mining. 

A total of 315 species of vascular plants from 55 plant families was recorded in the southern 

part of the Willowdale North area. Nineteen of these species were introduced species. 

No Declared Rare Flora species were located in the survey. Seven priority species (as 

defined in CALM's "Declared Rare and Priority Flora List", Appendix D) were located: 

Thysanotusfastigiatus (priority one), Acacia oncinophylla aff. ssp. patulifolia (priority two), 
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Aotus cordifolia (priority three), Pultanaea ?radiata (priority one), Templetonia drummondii 

(priority four), Hibbertia silvestris (priority four), and Senecio leucoglossus (priority four). 

These species are locally and regionally significant and further studies are underway to 

investigate their distribution in the wider Willowdale area. All are located in either stream 

zones, river valleys or near rock outcrops, and will not be directly affected by mining. The 

status of three of the species changed following their recording in this survey. 

(Eucalyptus graniticola) is the only plant species listed under the Commonwealth 

Endangered Species Protection Act 1992 that could occur in the Willowdale North area. The 

only known locality for this species is near the current mining area. This locality will not be 

affected by mining. Alcoa has supported King's Park and Botanic Gardens in developing 

effective micropropagation techniques for this species and it is now in tissue culture at Kings 

Park. 

Twenty-three vegetation units were defined and mapped in the southern part of the 

Willowdale North area (Table 4.3). The units are based on the site-vegetation types 

developed by Havel (1975a, 1975b) for the northern jarrah forest. In recent years this 

classification system has been developed by E M Mattiske and Associates to further 

differentiate the site-vegetation types. Consequently many of the original site-vegetation 

types have been linked (e.g. ST - where the species and site conditions that define S dominate 

but there is a T influence). 

The most extensive site-vegetation types in the surveyed area are ST, 5, TS, SP and PS which 

together cover 73% of the area. Most of these site-vegetation types are well represented in 

the conservation estate (Heddle et al. I 980a). As these types all occur on the upland areas 

they will be directly influenced by the proposed mining activities in the Willowdale area. 

A number of the other site-vegetation types are locally and regionally significant, either 

because they are restricted in occurrence to narrow bands along the valley systems or they 

occur on specific site regimes. For example the site-vegetation types A, AW, WA, B, D, and 

E, all occur on the valley floors as narrow bands or pockets. Most of these types are 

represented in the conservation estate, including the nearby Lane Poole Reserve (Heddle et 

al. I 980a, Department of Conservation and Environment 1993). These types all occur in the 

two Yarragil vegetation complexes (Heddle et al. 1 980b) which occur in the reserve system 

in the northern jarrah forest. Havel (1989) has suggested that one of these complexes, the 

Yarragil (minimum swamps) complex, is barely adequately represented. This relatively low 
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representation in the conservation estate is also influenced by the vulnerability of these plant 

communities to dieback infection caused by species of Phytophthora (refer 4.1.4). These 

valley site-vegetation types are not likely to be directly influenced by any proposed mining 

activities except for occasional stream crossings; although indirect effects may occur as a 

result of upslope clearing and local changes in hydrology. 

Table 4.3: 	The area of each vegetation mapping unit in the southern portion of the 

Willowdale North mining area. 

Vegetation Mapping Unit Area 
(hectares) 

Proportion of total area 
(%) 

A 0.9 0.0 

AW 1.6 0.0 

B 1.0 0.0 

CA 28.8 0.5 

CQ 207.1 3.5 

CW 267.1 4.5 

D 54.1 0.9 

E 14.9 0.3 

G 26.8 0.5 

PS 376.6 6.4 

PT 8.2 0.1 

PW 146.8 2.5 

Q 72.1 1.2 

R 21.1 0.4 

R/G 8.7 0.1 

S 1076.6 18.3 

SP 422.2 7.2 

ST 1836.1 31.2 

SW 281.5 4.8 

T 97.0 1.6 

TS 593.9 10.1 
W 350.4 5.9 

WA 1.2 0.0 

TOTAL 5893.7  

The other site-vegetation types which are locally restricted include 0, R and PT. The former 

two are associated with the granite outcrops in the survey area which are site-specific and 

unlikely to be affected by any proposed mining activities. The two types are well represented 

in the conservation estate, near Mt Cooke and Mt Windsor (Monadnocks Reserve). The site- 
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vegetation type PT is an uncommon variant of the P type which is scattered in occurrence to 

small pockets within the northern jarrah forest. By its very scattered nature in many areas of 

the forest it is not considered at risk from mining in the Willowdale area. 

The site-vegetation types PW and SW are less common in the Willowdale area than at Huntly 

or Jarrahdale. These site-vegetation types are highly susceptible to dieback as a result of the 

presence of species reflecting local moist soil conditions. These types were not defined at the 

time of the System 6 studies; however both are known to occur in the conservation estate and 

in particular within the reserves in the Jarrahdale district. 

4.1.4 Jarrah Dieback Disease 

Jarrah dieback disease is associated with the soil-borne pathogen Phytophthora cinnamomi 

Rands. Deaths of jarrah and understorey species have been widespread in the jarrah forest. 

P. cinnamomi is the Phytophthora species most frequently isolated from areas of dying 

vegetation; however other Phytophthora species have also been found in the jarrah forest. 

All these Phyiophthora species have a wide range of hosts and a requirement for adequate 

moisture to complete their life cycles. The dynamics and management of P. cinnamomi in 

the jarrah forest have been discussed by Shearer and Tippett (1989). 

The life cycle of P. cinnamomi is relatively simple. Zoospores of P.cinnamomi are small 

(approximately 8iim diameter) and are readily transported in soil and water. Bauxite mining 

involves localised but intensive movement of soil and vehicles throughout the year and hence 

has the potential to spread the disease unless adequate control measures are implemented. 

Dieback interpretation and mapping of the proposed mining envelope at Willowdale North is 

nearly complete (a description of the mapping process is given in section 5.1.7). Dieback 

hygiene maps (Figure 8) are available for more than 2700 ha of the area and will be available 

for the remaining area by the end of 1994. Areas to be mined in the next four to five years, 

within the mining envelope covered by the 1978 ERMP, are about 50% dieback affected. 

The areas mapped so far at Willowdale North are on average 53% dieback affected. The 

most extensive areas of dieback free forest are immediately west and east of the north end of 

Lake Kabbamup. However, even here the proportion of forest showing symptoms of the 

disease is around 40%. 
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Although the northernmost part of the Willowdale North area has not yet been fully mapped, 

it is known to be one of the most heavily dieback-infected areas in the whole jarrah forest. 

The impact of the disease has been particularly severe in areas of forest on black gravel soils 

north of Waroona Road. The forest south of the current mining area between Mt. William 

and Clarke Road (Figure 8) also has a very high incidence of dieback infection. 

4.1.5 Fauna 

The fauna of the Willowdale North area is relatively well known. The mobility of most fauna 

means that the extensive studies conducted in the current Willowdale mining area are also 

applicable to the area north of Samson Brook. These provide comprehensive baseline data 

which can be used for planning purposes at Willowdale North except where: 

habitats are different from those studied earlier 

information from earlier surveys requires updating, and 

particular fauna groups were not studied in early Willowdale surveys. 

These deficiencies were recognised and since 1990 several detailed studies have been 

undertaken. The surveys listed in Table 4.4 demonstrate the extent of the information 

available on the fauna of the Willowdale and Willowdale North area. The most recent survey 

(Nichols, in prep.) was partly designed to assess fauna distribution and abundance in areas not 

covered in great detail in previous studies, such as granite outcrops (Havel site types G and R) 

and the upland P site type. These fauna survey sites are permanently marked in the field and 

on Alcoa's and CALM's Geographic Information Systems, and can be resurveyed as required 

to monitor impacts on fauna and compare with rehabilitated mined areas. 

As well as these studies, a number of detailed fauna surveys have been conducted in jarrah 

forest to the north, east and south of Willowdale. These studies are listed in Table 4.5. The 

following sections summarise what is currently known about the fauna of the area. 

Mammals 

Sixteen mammal species have been recorded in surveys at Willowdale (Appendix Q. These 

include ten indigenous species and six introduced species. Al! have either been recorded at 

Willowdale North, or are likely to occur there. Most species are present in low densities, as 

they were prior to the commencement of mining. Fox predation is likely to be the primary 

cause for this. 
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Table 4.4: 	Fauna studies conducted in and near Alcoa's Willowdale Mine. 

Survey When Conducted Reference Comments 

Wagerup ERMP 1977-78 Alcoa and Dames and Moore Preliminary vertebrate survey. 

(1978) 

Vertebrate surveys* 1979-80 Alcoa internal reports Comprehensive mammal, bird and reptile surveys with data on 
distribution, abundance and habitat. 

Ant study 1979 Majer(1980) Provided data on the distribution, status and abundance of the 
73 ant species recorded at 13 different sites. 

Termite study 1979 Bunn (1983) Provided 	data 	on 	the 	distribution, 	status 	and 	habitat 

requirements of termites. 

Samson MPA study 1980-81 Nichols et al. (1981) Survey of mammals, birds and reptiles occurring in the Samson 
conservation area. 

Frog monitoring** 1993-94 Alcoa internal report Baseline study of frog distribution and abundance at key sites 
in current and future mining areas. 

Rare and uncommon 1993 Alcoa internal report Survey of medium sized rare and uncommon mammal species, 

mammal survey** to evaluate their status prior to fox baiting. 

CALM mammal survey 1992-93 Unpublished Trapping conducted at various sites throughout the current 
mining area by CALM Harvey staff. 

Willowdale North fauna 1994 Nichols (in prep.) Vertebrate fauna survey of the Willowdale North area at key 

survey. sites within the proposed 10 year mining region. 

(Notes: *indicates  some are sites situated in Willowdale North, **jndicates  that most or all sites are located in 

Willowdale North. 
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Table 4.5: 	Fauna studies conducted in areas surrounding the Willowdale Mine. 

Study Distance from 
Willowdale North  

Details 

North of Willowdale 

1. 	Lane Poole Reserve (LPR) Adjacent (N-E) Contains a review of fauna known and expected to occur in Lane Poole 
Management Plan (Nichols et al., Reserve (LPR) 
1986) 

2. 	CALM-Dwellingup 20 km Mammal 	trapping 	conducted 	intermittently 	from 	1970 	to 	present. 
Chuditch research conducted in north of LPR from mid-1980s to present. 

3. 	Alcoa Huntly and Del Park mines 24 km Extensive research on vertebrate and invertebrate fauna conducted in 
fauna studies. rehabilitated and adjacent forest from late 1970s to present. 

4. 	Water Authority North Dandalup 38 km Describes detailed vertebrate surveys (Water Authority 1987). Notes that 
Dam Study long term fish and macro invertebrate studies of Canning and North 

Dandalup River Systems are being undertaken. 
East of Willowdale 

1. 	Worsley Alumina Saddleback Mine 40 km N-E Substantial vertebrate and invertebrate surveys conducted during Phase I, 
(Worsley Alumina 1981 1985, 1990) 2 and 3 flora and fauna studies. 

2. 	Worsley Alumina Conveyor Corridor 25 km Fauna surveys conducted along a relatively narrow area as part of Phase 1, 
2 and 3 studies. 

3. 	Hedges Gold 30 km N-E Studies include a brief vertebrate survey and detailed aquatic invertebrate 
monitoring programme. 

4. 	Boddington Gold Mine 32 km N-E Flora and Fauna Studies conducted as part of ERMP. 	Studies include a 
detailed aquatic fauna monitoring programme. 

Qiith of Willowdale 

I. 	Harris River Dam ERMP 36 km Includes vertebrate and invertebrate fauna surveys 
(WAWA 1985) 

2. 	Worsley Alumina Refinery Site 40 km Includes Phase I and 2 fauna surveys. 	Most representative of wetter 
forest found further south, and includes some species not found further 
north at Dwellingup. Willowdale is intermediate between the two. 



The species present includes one gazetted rare species, the Chuditch. This species is also 

listed under the Commonwealth Endangered Species Protection Act 1992. The large number 

of surveys conducted in the area make it unlikely that other rare species such as the Southern 

Brown Bandicoot and the Numbat (which is also on the Commonwealth Endangered Species 

list) are present. Several species which appear to have declined elsewhere in the forest have 

been recorded at Willowdale. These are the Brush-tailed Phascogale, Common Brushtail 

Possum and the Western Brush Wallaby. Two other species, viz., the Water Rat and the 

Dunnart Sminthopsis sp. are also present although in low numbers. Neither is confined to the 

jarrah forest. The remaining mammal species are relatively common, widespread and not 

considered to be declining. 

As well as providing important baseline data for mining operations, the recent mammal 

surveys were designed to determine the status of fauna prior to the commencement of 

Operation Foxglove, the joint CALM-Alcoa fox baiting programme being conducted over 

550,000 ha of the jarrah forest. The programme includes current mining areas at Willowdale, 

and the Willowdale North area. 

Birds 
The avifauna of the Willowdale North area is typical of that found in much of the northern 

jarrah forest. Seventy-two species have been recorded in all surveys conducted to date. 

These are listed in Appendix C. They include two specially protected species, viz, the Red-

eared Firetail and Baudin's Cockatoo. Both are relatively common in the area and widespread 

throughout the forest. The information available for birds in both the Willowdale North area 

and the current mining area is considerable. Data are available on the distribution and 

abundance of species in a range of habitats within present and future mining areas. This 

information is in a form which can be used to compare bird use in future mining areas with 

that of unmined forest. 

Reptiles 
Compared to other jarrah forest areas, Willowdale has a good diversity of reptiles, with 23 

species recorded in all surveys. The recent fauna survey collected four species not recorded at 

other Alcoa mines further north. These are all skinks: Egernia pulchra, E. kingii, 

Sphenomorphus australis and Lerista microtis. E. pulchra and L. microtis are near the 

northern limit of their range. S. australis is well beyond the previous northern limit of the 

species distribution as known from specimens in the W.A. Museum. Both E. pulchra and S. 
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australis were only collected in stream zone areas. None of the species collected to date is 

listed as rare or specially protected, although the Carpet Python is likely to occur in the area 

in low numbers (as it does in most of the jarrah forest). 

Frogs 
Ten frog species are known to occur in the Willowdale area (Appendix C), and all of these are 

probably present at Willowdale North. None is listed as rare or specially protected and all are 

relatively common and widely distributed. Frog monitoring is conducted at 18 locations 

situated at key points in current and future mining areas. Data obtained are used to determine 

the habitat requirements of frog species, and monitor any impacts of mining operations on the 

frog populations of each site. 

Fish 
Although no detailed fish studies have been undertaken in the Willowdale area, the fish fauna 

of jarrah forest streams are relatively well known through several studies listed in Table 4.5 

(eg. the North Dandalup Dam study). 

In vertebrates 
As noted in Table 4.4, detailed studies have been conducted on termites and ants at 

Willowdale. Both of these studies are directly relevant to Willowdale North. These two 

orders were chosen because they are relatively well known and can provide useful 

information relevant to the environmental management of mining and rehabilitation 

operations. Termites serve an important role in nutrient cycling by breaking down woody 

material, while ants fulfil a variety of functions (eg. pollination and predation) and are 

valuable indicators of successional change following disturbance (Majer 1983). Although 

these are the only detailed invertebrate studies conducted at Willowdale, other key 

invertebrate groups have been studied at Alcoa's Jarrahdale, Del Park and Huntly Mines, and 

the findings are relevant to Willowdale North operations. These studies have included 

predatory invertebrates (Nichols and Burrows 1985), spiders (Simmonds 1993), and 

Collembola (Greenslade and Majer 1993). All were selected because they serve important 

roles in the functioning of the jarrah forest ecosystem. All studies include an assessment of 

the extent to which the groups use rehabilitated bauxite mines, and recommendations for 

increasing the suitability of rehabilitated areas for the group concerned. 
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Aquatic invertebrates have not been surveyed in the Willowdale area. Detailed studies have 

been conducted at Alcoa's Jarrahdale Mine and nearby streams (Bunn 1982), at the North 

Dandalup Dam, Boddington and Hedges Gold mines, and the Harris River (Table 4.5). 

4.1.6 Lane Poole Reserve 

Creation of the System 6 Reserves 

In 1972 the EPA appointed the Conservation Through Reserves Committee to make 

recommendations on the establishment of a comprehensive system of parks and nature 

reserves throughout Western Australia. The Committee divided the State into 12 natural 

systems and by 1976 had made recommendations on all but two of them. Because of the 

complexity of the land-use interactions involved, the Darling System (System 6), was left 

until last. System 6 includes the jarrah forest and much of the adjoining Swan Coast Plain 

including the Perth metropolitan area. It encompasses all of the principal bauxite area. 

The System 6 Committee was appointed in 1976 to provide the EPA with recommendations 

on areas within System 6 considered desirable for national parks, nature reserves and major 

associated recreation resources. It submitted its report in 1981 (Dept. Conservation and 

Environment 1981). Following an extended period of public consultation, the EPA made its 

final recommendations to the Minister for Environment in 1983 (Department Conservation 

and Environment 1983). Alcoa provided the System 6 Committee with data on the bauxite 

resources in the Darling Range and made two submissions at various stages through the 

System 6 study. 

The EPA recognised in its 1983 report that the System 6 study had not adequately considered 

the potential loss of other resources if all the proposed new parks and reserves were dedicated 

exclusively to the purposes of nature conservation andlor recreation. It recommended that 

these resources be assessed before the tenure of the proposed reserves was established. 

Consequently, the then new State Government established the Reserves Review Committee 

to undertake a review of the implications of the proposed System 6 reserves on the 

development of water, mineral and timber resources in the Darling Range. At the same time, 

it decided that a major jarrah forest reserve should be established. This reserve was to be 

based on the System 6 Committee's recommendations for the Murray Valley and adjacent 

areas. These areas were subsequently linked together to become the Lane Poole Reserve. 

C:\DATAWG\94-620 	 41. 



The Reserve Review Committee included representatives from the Conservation Council of 

WA., Alcoa, the Forest Products Association (W.A.) and relevant government agencies 

including CALM and the EPA. Agreement on the boundaries for the main conservation and 

recreation areas in Alcoa's mineral lease was reached in 1985. Alcoa agreed to forego mining 

within the conservation areas, but retained the right to cross them if necessary in order to 

access bauxite reserves which would otherwise become isolated. The company also retained 

the right to mine the bauxite in the recreation zone of the Lane Poole Reserve because of the 

substantial bauxite resources involved. The recreation zone contains about 105 million 

tonnes of bauxite - sufficient to supply the Wagerup Refinery for 16 years at the current 

production rate or 8.5 years at 3.3 Mtpa alumina production. About 20% of this bauxite lies 

within the Willowdale North area. 

The agreement on the System 6 reserves in Alcoa's mineral lease was ratified by the Alumina 

Refinery Agreement Amendment Act of 1986 (Alcoa's rights of access to the bauxite reserves 

in ML 1 SA having been determined by the Alumina Refinery Agreement Act of 1961). The 

full extent of conservation and recreation reserves in the mineral lease, designated variously 

as national parks, nature reserves, conservation parks and CALM Act section 5(g) reserves, is 

shown on Figure 9. 

Current Situation 

The characteristics and use of the Lane Poole Reserve are described in the Lane Poole 

Reserve Management Plan 1990-2000 (CALM 1990). The facilities section of the recreation 

zone, extending from near the Icy Creek Bush Camp to the Nanga Bridge crossing of the 

Murray River (refer Figure 10), is one of the few areas near the metropolitan area that allows 

camping immediately adjacent to a relatively natural bush setting and within a major river 

valley. The Murray River valley in this vicinity is also a popular picnicking, canoeing, 

marroning and fishing area. Bushwalkers and hikers use the Bibbulmun Track and other 

walking circuits nearby. As a consequence of this wide range of forest and water-based 

recreational opportunities, the area has attracted up to 200,000 visitors annually in recent 

years. 

As might be expected, forest quality in the reserve is generally good. However dieback 

disease is widespread in the Samson and Federal conservation parks and on the lateritic 

uplands of the section of the recreation zone west of Nanga Road. The dieback impact in this 

latter area is so severe that its inclusion in the reserve is questionable. 
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The Forest Management Plan 1994-2003 (Lands and Forest Commission 1994) proposes that 

most of the designated conservation areas within the Lane Poole Reserve become 

conservation parks except for the largest area north-east of Collie which is to become a 

national park. The Plan also proposes additions to the eastern part of the reserve south of 

Boddington. Alcoa supports these proposed changes. 

4.1.7 Other Forest Values 

Wilderness and Visual Resource Values 
The Willowdale North area has been assessed by CALM for the National Wilderness 

Inventory being compiled by the Australian Heritage Commission (AHC). None of the 

Willowdale North area meets the accepted criteria for wilderness classification. 

The scenic quality of the Willowdale North area also has been assessed by CALM. Three 

classes of scenic quality were used: high, moderate and low. Definitions of these classes can 

be found in CALM (1992). The majority of the area (85%), and virtually all of the area likely 

to be mined, was classed as being of moderate scenic quality: that is it exhibits the features 

and diversity normally present in the northern jarrah forest. Fifteen percent of the 

Willowdale North area was assessed as being of high scenic quality. These areas were 

mostly associated with valleys and major streams. 

Natural Heritage Values 
None of the Willowdale North area is listed on the Register of the National Estate or is on the 

interim list for the Register. The Conservation Council of W.A.'s proposed jarrah forest 

national park was nominated for inclusion on the Register in the late 1970s,   prior to the 

establishment of the extensive and ecologically representative system of jarrah forest parks 

and reserves which now exists. The small area of the recreation zone of Lane Poole Reserve 

of interest for mining within the next 25 years (refer Figure 10) is extensively degraded by 

dieback disease and is therefore unlikely to meet objective criteria for listing on the Register 

of the National Estate. Mining will not occur within the area before the year 2000. 

There is almost no virgin "old growth" forest in either the current Willowdale mining area or 

Willowdale North, except for two small pockets totalling about 160 ha in the Teesdale 

conservation park of the Lane Poole Reserve. These areas will not be affected by mining. 
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4.2 	REFINERY AND RESIDUE AREAS 

The proposed expansion lies within the original project area defined in the 1978 ERMP. The 

reader is referred to the ERMP for detailed information on bio-physical components of the 

existing environment. Where appropriate, additional data and information that has accrued 

since the original ERMP is included in the discussion of incremental environmental impacts 

related to the expansion. 

	

4.3 	SOCIAL ENVIRONMENT 

4.3.1 Regional Context 

Most of the project area is in the Shire of Waroona, except for the southernmost portion of 

the mining area which extends into the Shire of Harvey. About 70% of the workforce lives in 

Mandurah, Waroona and other parts of the Peel Region. Most of the remainder live in the 

Shire of Harvey or Bunbury. This will continue to be the case after the expansion. 

The Peel Region is Western Australia's most rapidly developing region outside the Perth 

metropolitan area. Economic activity includes mining, mineral processing, manufacturing, 

tourism, timber production, agriculture and horticulture. These are supplemented by a wide 

range of commercial and service activities in Mandurah and in the rural towns including 

Waroona. A significant amount of revenue is generated by day visitors from Perth and other 

areas. However, the value of alumina production at Alcoa's refineries at Wagerup and 

Pinjarra far exceeds that of all other economic activities in the region combined. 

An excellent summary of the characteristics of the Peel Region including the Shire of 

Waroona is given in the Peel Development Commission's Regional Profile (Peel 

Development Commission 1993). More detailed planning-related information will be given 

in the Peel Regional Strategy (Dept. Planning and Urban Development, 1994). A draft 

regional plan to which Alcoa contributed a submission was produced in 1990. 

4.3.2 Community Structure 

In the 15 years from 1961 to 1976 the population of the Shire of Waroona grew by 12.7% to 

2020. In the following 15 years, which included the construction, commissioning and first 

seven years of operation of the mine and refinery, it grew by 49% to about 3010. The current 
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population is about 3,200. Agriculture was the main economic activity in the Shire prior to 

commencement of Alcoa's bauxite-alumina operations. Dairying generated most of the 

revenue but was already in a state of decline (refer section 5.3.3 of 1978 ERMP). Small farm 

sizes and high land costs had contributed to the relocation of a significant number of milk 

quotas to areas further south. 

Alcoa's acquisition of 4,500 ha of farmland in the Waroona Irrigation District accelerated the 

local restructuring of agricultural activity, but the pre-existing trend towards a smaller 

number of larger farming enterprises was inevitable and has continued. For example, 

although milk production in the Shire of Waroona remained reasonably stable around eight 

million litres from 1984/95 to 1992/93, the number of milk quota holders declined from 28 to 

18. Over the same period milk production in the Shire of Harvey increased by 20%, yet the 

number of quota holders declined from 167 to 134. Only 10% of the livestock in the Shire is 

now dairy cattle - the remainder is mainly beef cattle and sheep. 

The South-West Irrigation Review Task Force (1994) has recommended that the price for 

irrigation water and drainage services should reflect the true resource cost of providing those 

services. This would lead to further restructuring of agricultural activity in the district. 

The Wagerup Refinery is the only major indusirial activity in the Shire of Waroona, but there 

is also considerable mineral sands mining along the base of the Darling Scarp. Other 

substantial employers include an abattoir and boning room and earth moving contractors. 

Waroona has a light industrial area which accommodates a range of enterprises including 

panel beating, spray painting, aluminium window and door manufacturing, concrete products 

manufacturing, toy manufacturing, cabinet making, steel fabrication and machinery hire. 

4.3.3 Community Services 

Waroona's commercial centre consists of two supermarkets plus numerous small shops, 

including a ladies boutique, drapery store, shoe shop, bakery, ladies hair dresser, chemist, 

delicatessen, dry cleaner, two banks, garages, road house, hardware store, newsagency, 

furniture store, produce store, handyman hire stores, garden centre, real estate agency and 

others. A veterinary clinic provides service for large and small animals. 
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Community health is served by one resident doctor, and a group of doctors hold regular 

clinics in the town. People requiring hospitalisation use Yarloop hospital 12 km south or 

Pinjarra Hospital 23 km north. The St John's Ambulance depot in Waroona has modern, well 

equipped vans available. A dental clinic operates two days per week, the Infant Health Clinic 

is serviced by a visiting sister twice a week, and Silver Chain nurses service the district from 

their Harvey base. 

The Harvey/Waroona Aboriginal Corporation plan to establish premises in the district. Its 

current activities include a crafts shop and running homework classes for school children and 

encouraging them to stay at school. Waroona Primaiy and Junior High School takes students 

to year 10, with years 11 and 12 bused to Pinjarra Senior High School. St. Joseph's takes 

students to year 8, and there are two pre-primary facilities. 

A State Emergency Service group, which has received support from Alcoa and to which a 

number of employees belong, services the district. Alcoa provides a range of supporting 

resources in particular emergency situations. 

A variety of recreation facilities are available in the town and adjacent areas. The Waroona 

Shire Council operates a public library. 

4.3.4 Cultural Heritage 

Aboriginal Heritage 
Surveys for Aboriginal heritage sites were conducted in the refinery, residue storage and 

current mining areas as part of the 1978 ERMP. 

In August 1994, McDonald, Hales and Associates was commissioned by Alcoa to conduct a 

'desk-top' study of Aboriginal heritage issues relating to the proposed Willowdale North 

mining operations. The study involved a search through the archives held by the Department 

of Aboriginal Sites (Western Australian Museum) and a review of consultancy reports 

together with relevant published and unpublished documentary material. The review has 

been completed and is summarised below. It will be followed by field archaeological and 

ethnographic surveys. 

The proposed methodologies for the surveys have been reviewed by the Department of 

Aboriginal Sites. To facilitate the location of artefacts, the surveys will be conducted after 
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the study area is burnt by CALM as part of its spring fuel reduction burning programme. The 

consultants are required to submit a draft report to Alcoa by early December 1994 and Alcoa 

will submit a final report to the Department of Aboriginal Sites by the end of the year. The 

report will identif' all sites located, particularly those for which permission to disturb might 

be required under Section 18 of the Aboriginal Heritage Act (1972-1980). 

A number of archaeological surveys have been conducted in the wider study area, with 

particular emphasis being placed on the coastal plain to the west of Wagerup. The majority 

of these surveys were small-scale and restricted in terms of survey coverage (McDonald, 

Hales and Associates 1992). A small number of surveys have been undertaken in forest areas 

in the vicinity of the Willowdale North area (eg., McDonald, Hales and Associates in prep; 

Novak and Wright 1977). The survey conducted immediately south of the study area as part 

of the 1978 ERMP (Novak and Wright 1977) only located sites on the coastal plain. A 

further study in the Collie region conducted as a part of the Harris River Dam Project located 

53 archaeological sites, the majority consisting of ten or less stone artefacts (Veth ci al. 

1984). A number of regional studies have also been conducted in the areas surrounding the 

survey area (Novak 1975; O'Connor, Quartermaine and Bodney 1989; McDonald, Hales and 

Associates 1994). 

A large number of sites have been recorded in the region, the majority of which are small, 

low density artefact scatters. These sites, for the most part, represent a general background 

scatter reflecting single activity episodes and/or task specific activities. 

A number of models have been proposed to describe Aboriginal settlementlsubsistence 

patterns on the Darling Plateau and the adjacent Swan Coastal Plain (Anderson 1984, Hallam 

1972, 1978, 1987; Pearce 1982). Anderson (1984) has proposed a land use model of 

prehistoric Aboriginal exploitation of the Swan Coastal Plain and its hinterland. This model 

suggests that there was more intensive use of the coastal plain than either the adjacent forest 

or open woodland plateau. When resources on the Swan Coastal Plain were low, there was a 

movement into the jarrah forest. The small size of sites in this zone points to exploitation by 

small mobile groups in an area of less concentrated resources. Sites tend to be located near 

water courses (Anderson 1984). 

No sites have been recorded within the Willowdale North Area; however two archaeological 

sites (S00823, S00827) and one ethnographic site (S02459) have been identified within a 

notional 10 km radius of the area. 
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Site S00823 (Gas Pipeline) consists of a large artefact scatter associated with a swamp to the 

north of the Murray River. Artefacts were scattered over a wide area of approximately 

400 in, including more than 500 quartz pieces (flakes, cores and blades with some utilised 

scrapers), a small number of fossiliferous chert pieces (generally small in size), some 

quartzite and granite hammers, anvils and some upper grindstones (mullers). In addition, 

some large lumps of red ochre were noted. This site is considered to be of significance owing 

to its size and number of artefacts. The presence of fossiliferous chert artefacts throughout 

this site also contributes to its importance. The sources of this material are believed to lie off 

the coast in the vicinity of Mandurah (Glover 1975). Post-glacial sea level changes about 

6,000 years ago submerged the presumed source area. 

Site S0827 (Gas Pipeline 94) consists of a small scatter of quartz flakes on top of a low hill. 

This is typical of the South West sites, being of low significance and having a small number 

of artefacts. 

Site S2459 Murray River (Waugal Swamp) is an ethnographic site which consists of a swamp 

believed to be the resting place of the Waugal who inhabits the Murray River. This site is 

considered to be of significance as it is believed that a dangerous mud or quicksand deposit is 

located near its centre and it is generally avoided by local Aboriginal people (O'Connor et a! 

1985). 

Although no archaeological sites have been recorded within the Willowdale North area it is 

important to note that recorded sites are a function of two main factors, viz. Aboriginal land 

use patterns, and previous research in the area. In terms of the study area it can be predicted 

that the majority of archaeological material is likely to be located adjacent to creek and 

stream lines, permanent pools, level bedrock outcrops and in more open vegetation 

associations. Across the remainder a low background scatter of artefacts may also be 

expected. 	The likelihood of encountering a site will be raised where disturbance or 

clearances increase the level of surface visibility. The absence of recorded ethnographic sites 

within the Willowdale North area may also simply reflect the focus of previous research. 

European Heritage 

No places of European" cultural heritage significance are registered or classified for heritage 

or other purposes within the proposed mining area by the Heritage Council of W.A., the 

National Trust of Australia (W.A.) or the Australian Heritage Commission. A number of 
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historic railway trestle bridges and the remains of a historic timber mill exist in the facilities 

section of the recreation zone of Lane Poole Reserve. These will not be affected by the 

mining operations. 

5. 	ENVIRONMENTAL EFFECTS AND MANAGEMENT 

5.1 MINING 

5.1.1 Land Use Planning and Management 

Local and Regional Planning 
Because of their location in State Forest, the mining operations generally do not impact 

significantly on local and regional planning other than that related to forest management. 

Most previous interactions between the mining operations and local government planning 

activities have been in relation to the realignment or temporary closure of forest roads used 

by the general public. Such matters will continue to be discussed with the relevant shire 

council and property owners on a case by case basis. 

Willowdale North differs from the current mining area in that some of the operations will 

occur relatively close to valuable public recreation and tourism assets such as Lake Navarino 

and parts of the Lane Poole Reserve. Maintaining access to and enjoyment of these assets is 

an important consideration in local and regional planning. For this reason, Alcoa has 

broadened its normal mine planning consultation process (outlined below) for Willowdale 

North to include the Shire of Waroona, Peel Development Commission and Lane Poole 

Reserve Advisory Committee. 

Information and submissions are provided as appropriate to assist agencies such as the 

Department of Planning and Urban Development, the South West Development Authority 

and the Peel Development Commission to formulate regional plans. 

Mine Planning 
As required under the terms of the Alumina Refinery (Wagerup) Agreement, Alcoa submits 

draft five year mine plans and associated environmental management programmes to the 

Stat&s Mining and Management Programme Liaison Group (MMPLG) annually. The 

MMPLG comprises senior public servants from the Department of Resources Development 
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(responsible for administering the Alumina Refinery Agreements), Department of Minerals 

and Energy, CALM, DEP and the Water Authority. Alcoa consults with the key land and 

resource management agencies, particularly CALM and the Water Authority, before the draft 

plans are submitted. This allows any significant environmental issues to be identified early in 

the planning process. After committee review, discussion with Alcoa and other relevant 

parties, and joint field inspection of sensitive areas, the draft plans are modified as necessary 

and resubmitted. The MMPLG makes its recommendations on the revised plans to the 

Minister for Resources Development, who then approves the revised plans subject to 

appropriate conditions. The process is shown diagrammatically in Figure 11. 

Implementation of the management programmes is monitored by the Mining Operations 

Group (MOG). MOG comprises representatives from CALM, the Water Authority and 

Department of Minerals and Energy. This group also reviews detailed aspects of the mining 

proposals at the two year plan stage. For example, the group considers clearing boundaries, 

the location and design of stream crossings, and haul road drainage and sediment control 

measures. The Convenor of MOG, the manager of CALM's Swan Region, is an ex-officio 

member of the MMPLG. 

Annually, in addition to five year plans, Alcoa provides the MMPLG with preliminary ten 

year plans which show the general outlines of the areas which are most likely to be mined 

after the bauxite covered by the five year plan has been extracted. Conceptual 25 year mine 

plans are also submitted periodically for consideration by the MMPLG - usually at about five 

year intervals or when a major change in the direction of mining is proposed. These longer-

term plans are used to establish the boundaries within which future operations are likely to be 

located. They provide a framework for decisions on subsequent five year mine plans and 

allow state agencies to plan management operations, such as timber harvesting and fuel 

reduction burning, within and beyond the proposed areas of mining. 

Consultation by Alcoa with neighbours and others likely to be directly affected by the future 

operations is included as part of the planning process. 

Integrated Forest and Mine Planning 

Because of CALM's participation in the MMPLG and MOG, and frequent liaison between 

mine and CALM district personnel, there is ample opportunity for mining to be considered in 

the formulation of district and regional forest management plans. There is a high level of 
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cooperation on matters such as dieback mapping, fire management, access control, timber 

harvesting and clearing. Alcoa made formal submissions to CALM as part of its public 

consultation on the development of its forest region management plans (CALM 1987) and its 

review of Management Strategies for the South-West Forests (CALM 1992). 

CALM and Alcoa are currently developing an Integrated Forest and Mine Planning System to 

better co-ordinate bauxite mining with forest management planning in the Willowdale North 

area. The aim is to improve the integration of planning activities by more interactive use of 

Geographical Information Systems (GIS) and other planning tools. Plans are being 

developed for the integration and management of each of the key forest and mining 

operations. Examples are: forest access, timber harvesting, ore development, clearing, 

burning, mining, recreation, maintenance of landscape values, dieback management, 

rehabilitation, and flora and fauna conservation. It is envisaged that the integrated approach 

being developed for Willowdale North will become a model for all Alcoa's bauxite mining 

operations in the Darling Range. This approach should help alleviate any additional 

logistical problems created by the increased rate of clearing associated with the expansion. 

Visual Resource Management 

Mining will have a significant but largely temporary effect on visual landscape values in the 

immediate area of the operations. The bauxite orebodies are located on forested hillslopes 

and as a result they tend to be visible from nearby vantage points when cleared for mining. 

However, the relatively low relief of the Darling Plateau means that the number of 

viewpoints is restricted, and the majority of the areas of high scenic quality in Willowdale 

North are associated with valleys and streamzones which won't be mined. Mine 

rehabilitation aims to re-establish the pre-mining flora and this will restore the visual 

landscape values in the medium term. 

Visual resource management is now an integral part of forest management in Western 

Australia. Visual resource management techniques will be applied to all construction and 

mining operations at Willowdale North. An integrated landscape management plan is being 

developed as part of the CALM/Alcoa Integrated Forest and Mine Planning System. It will 

give particular application to mining in the vicinity of Lake Navarmno and the facilities 

section of the Lane Poole Reserve recreation zone. 

A system for quantifying visual landscape resources has been applied to the Willowdale 

North area. The scenic quality information discussed in section 4.1.7, together with viewer 
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sensitivity levels and distance zones (defined in CALM 1992), have been used to produce 

maps of visual landscape management zones. Four management zones have been defined. 

Visual resource management objectives will be established for bauxite mining in each of 

these zones. Careful scheduling of mining operations and the retention or development of 

vegetation screens will be used to filter their visibility from major recreation sites and roads 

where appropriate. 

5.1.2 Forest Clearing 

The rate of mining will increase to provide 10.2 million wet tonnes per year of bauxite 

initially and 12.4 million wet tonnes per year when yield enhancements on all three refinery 

units take the total capacity to 3.3 Mtpa. The annual rate of forest clearing at Willowdale will 

increase from around 140 hectares per year, to around 210 hectares per year and then 260 

hectares per year after yield enhancement. The areas mined will be the same as those which 

would be mined if no expansion were to occur, only the timing will change. 

The total amount of forest that will be cleared for mining and associated facilities at 

Willowdale North is estimated to be about 2900 ha, or around 27% of the forest within the 

mining perimeter shown on Figure 6. This comprises 2750 ha cleared for mining, 100 ha of 

haul roads on areas not otherwise required for mining, 20 ha for the crusher and support 

facilities, 20 ha for an eight kilometre employee access road, 5 ha for the conveyor alignment 

and 5 ha for a powerline to the crusher and other facilities. 

Alcoa will continue to minimise the area cleared for mining by wherever possible locating 

haul roads and overburden stockpiles in existing minepits or on orebodies to be mined in 

future, and by rationalising orebody boundaries where appropriate. 

5.1.3 Interactions with Other Land Uses 

Recreation and Tourism 
The major recreation sites close to the Willowdale North area are Waroona Dam (Lake 

Navarino) and in the Lane Poole Reserve (refer Figures 6 and 10). Camping and cabin 

accommodation sites include a caravan park at Waroona Dam, CALM's facilities at Nanga 

Mill, the Icy Creek Bush Camp, Nanga Bush Camp, Forest Edge Camp and Nanga Dell 

Farm. Tourist routes include Waroona, Stawell, Nanga and Western Boundary/Scarp Roads, 

all of which are unsealed. 
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The presence of surface water features, particularly dams and rivers, appears to be the 

single most important factor affecting the public's choice of recreational settings in 

the jarrah forest. These features are valued for their scenic attractiveness and 

suitability for activities such as canoeing and fishing. 

Recreational use of Lake Navarino and nearby areas has significantly increased since 

the mid-i 970s. Most of the recreational use is on or around the reservoir (CALM and 

Water Authority 1988). Mining at Willowdale North will have little impact on the 

recreational use of the reservoir itself, although some mining activities may be visible 

at times. In the upper catchment recreational use is less intense. The main 

recreational pursuits are sightseeing (usually vehicle based), driving off-road vehicles, 

horse riding, bushwalking, picnicking, camping and illegal hunting for pigs and 

kangaroos (CALM and Water Authority 1988). Mining will have a temporary and 

localised effect on some of these activities as public access will have to be restricted 

along some of the existing roads and tracks in the Willowdale North area for safety 

reasons concerned with mining and blasting, and for dieback management purposes. 

Operations near the Nanga Dell Farm could adversely affect its non-agricultural 

activities which include bushwalking, horse and pony rides, donkey cart rides and 

picnicking. Impacts could include noise, visual intrusion and disruption of access to 

some forest tracks. These impacts will be temporary but significant unless carefully 

managed. Although they will be less directly affected, similar considerations will 

apply in the vicinity of the Icy Creek Bush Camp, Nanga Bush Camp and other 

recreation sites in or abutting Lane Poole Reserve. The Waroona Dam caravan park 

and Forest Edge Camp are further removed from the proposed mining areas. 

A recreation and landscape planner from CALM was seconded to Alcoa for three 

months in 1992 to examine how recreation considerations could more effectively be 

integrated into mine planning and rehabilitation. An integrated management plan for 

recreation is now being developed. Mining operations close to existing major 

recreation sites will be planned and managed to minimise their impact, including their 

visual impact, on recreational activities. Existing trails for horse riding, mountain 

bikes etc. will be temporarily re-routed in consultation with nearby property owners 

and user groups, to avoid conflict with mining operations. Rehabilitation plans will 

consider opportunities to restore and enhance existing recreational assets or create 

new recreation sites where appropriate. Alcoa has commissioned a recreation survey 

to quantify current patterns of use and help plan its operations taking these into 

account. 
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CALM and Alcoa have jointly established a forest enhancement programme which 

utilises about 10-15% of Alcoa's annual clearing compensation payments to CALM to 

upgrade community facilities in forest areas in the vicinity of its mining operations. 

The programme has been in operation for less than two years but already funds have 

been directed to a wide range of recreational, cultural and educational projects. 

Current projects in the Willowdale North area include an upgrading of signage and 

picnic facilities at Lake Navarino, the preservation of two historic trestle bridges in 

Lane Poole Reserve and the repair of the footbridge at the Hoffman Mill recreation 

site. 

Access through the area for tourism and day visitors to the various recreation and 

holiday camp facilities will be maintained. At least one north-south and one east-west 

road suitable for general traffic will be maintained open for the duration of Alcoa's 

operations in the Willowdale North Area. In cases where road realignment opens 

access to a previously unavailable scenic vista e.g. from the Darling Scarp, 

consideration will be given to maintaining the new viewpoint and rehabilitating the 

adjacent mined area in a compatible manner. 

Rehabilitation using current techniques and local plant species will restore the 

recreational and scenic values of mined areas to a large extent. It is worth noting that 

Alcoa's operations are themselves a major attraction. About 408,000 people have 

visited the three mines and refineries since public tours began in 1978. 

Timber Harvesting 
After 31 years of operation, Alcoa's mining activities have resulted in the clearing and 

mining of less than 0.6% of the area ofjarrah forest under State ownership. Seventy-

six percent of the areas cleared for mining at all four bauxite mines has already been 

rehabilitated and it is reasonable to predict that the areas rehabilitated using more 

recent methods will have a useful (although as yet unquantified) timber production 

capacity. Most of the areas of poor rehabilitation from the very early mining at 

Jarrahdale have received remedial treatment which should significantly improve their 

production potential. 

If all the accessible bauxite resources in the principal bauxite area were eventually to 

be mined, about 4% of the total area of jarrah forest under State ownership would 

have been cleared for that purpose. Even if a pessimistic view were taken of the 
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timber production potential of rehabilitated mine areas, the impact on the available 

timber resource would be minor. 

Because of the need to completely clear areas being prepared for mining, the 

operations cause some logistic problems particularly in relation to the removal and 

marketing of minor forest produce. Alcoa will continue to support CALM in its 

efforts to overcome existing limitations on the recovery and utilisation of minor forest 

produce from areas scheduled for mining. The Integrated Forest and Mine Planning 

System discussed previously should help overcome the logistics problems. 

Gravel Supplies 
Access to gravel suitable for road building is an ongoing problem for local 

government authorities. Alcoa's mining operations routinely uncover substantial 

areas of gravelly overburden which is stripped prior to mining. In most instances the 

overburden is less than 0.5 m deep and it is essential that this material be stored and 

returned to the mined out areas as part of the rehabilitation process. Deeper deposits 

of gravel exist in some restricted areas and these are used for haul road construction 

purposes. Only occasionally is there a surplus of gravel available for other purposes. 

The Minister for Minerals and Energy recently gave his consent to an arrangement 

whereby Alcoa will stockpile a specified minimum quantity of gravel for access by 

the Shire of Waroona. Access will be subject to appropriate safety and environmental 

guidelines. 

5.1.4 Lane Poole Reserve 

Recreation Zone 
As indicated in section 4.1.6, the 1983-85 review of proposed conservation and 

recreation reserves in the Darling System (System 6) by the State Government's 

Reserves Review Committee, led to an agreement between Alcoa and the State in 

which the designated conservation areas in Alcoa's mineral lease would not be mined 

but the company would retain access to the bauxite in the recreation zone of Lane 

Poole Reserve. 

Alcoa's interest in the bauxite within the recreation zone relates to the orebodies on 

the lateritic plateau surface adjoining the Murray River valley, not the valley itself nor 

its steep flanks. Mining on the uplands in and adjoining the recreation zone would be 

transient and affect localised areas at any one time. For example, over the next 25 

years only one side of the river downstream of the confluence with Big Brook would 
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be affected. However, this is the high-use area where most camping and picnicking 

facilities are located. Mining would restrict access to about 5-10% of the recreation 

zone at a time for a period of up to five years, the exact extent and duration being 

dependent on the particular mining strategy adopted. 

Notwithstanding the legal position ratified by Act of Parliament in 1986, Alcoa is 

conscious of the high recreational use of the facilities section of the recreation zone 

extending from the northern end of King Jarrah Formation to the Nanga Road bridge 

(refer Figure 10). Consequently, mining in this area will be deferred indefinitely, 

resulting in the quarantining of an estimated 7-8 million tonnes of bauxite. 

The river valley downstream from the Nanga Road bridge to Scarp Pool is also 

heavily used by canoeists and bushwalkers, particularly in the spring months. Mining 

will not intrude into the river valley. 

Alcoa will include the orebodies in the reserve west of the Nanga Road bridge 

crossing in its 10 year plan for the Willowdale Mine, subject to agreement on an 

access plan and management programme with the MMPLG, and following 

consultation with CALM, the National Parks and Nature Conservation Authority 

(NPNCA), Lane Poole Reserve Advisory Committee, and nearby property owners 

who might be directly affected. 

Much of the vegetation on the lateritic plateau surface in Park forest block west of the 

Nanga Road crossing is severely affected by dieback disease. Alcoa believes there is 

an opportunity to secure the economic benefits from extracting most of the 12-13 

million tonnes of bauxite in this part of the reserve and at the same time create a 

landscape which has conservation and recreational values at least equivalent to if not 

higher than those existing now. Those parts of orebodies extending onto the steep 

slopes adjoining the main river valley and its tributary streams will not be mined. 

These major valleys have the highest scenic and recreational value and lowest dieback 

impact. They also include vegetation complexes which are not well represented in 

conservation reserves. 

It is emphasised that the Lane Poole Reserve restricts access to substantial bauxite 

reserves between Dwellingup and Boddington. At some time in the future, it will be 

necessary to access this bauxite by a crossing of the Murray River or some other route 

north of Dwellingup. It is essential for the long-term viability of Alcoa's operations 

that the company's existing rights of access for ore transport under the 1986 
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Amendment Act be retained. Based on currently available information, it is 

considered unlikely that any future conveyor crossing of the Murray River would be 

in the facilities section of the recreation zone. However, circumstances which are 

currently unforseen could dictate otherwise. 

Mining will eventually extend into the southern part of the recreation zone and into 

the area on the eastern side of the river. These areas have much lower recreational 

usage, restricted largely to the valley floor and immediately adjacent areas. Any 

future conveyor crossing, or mining in the southern and eastern parts of the recreation 

zone, will be subject to agreement with the Minister for Resources Development after 

appropriate review by the MMPLG and consultation with CALM, the NPNCA, Lane 

Poole Reserve Advisory Committee and other relevant parties. 

CALM has carried out a detailed review of the route of the Bibbulmun Track and it is 

being substantially re-aligned to make maximum use of the extensive network of 

forest reserves created over the last decade. There is a popular misconception that the 

existing alignment has a particular heritage significance; however such is not the case. 

The new alignment takes the track through the river valley of Lane Poole Reserve, 

with the result that mining in Willowdale North will have minimal impact on its use. 

Conservation Areas 

Under the terms of the 1986 Amendment Act, Alcoa agreed not to mine the bauxite in 

any of the proposed System 6 conservation reserves endorsed by the Reserves Review 

Committee while their conservation values remained. This includes the conservation 

parks within the Lane Poole Reserve, of which those in the Samson and Federal forest 

blocks abut the Willowdale mining area. 

Much of the reserve boundary is poorly defined on the ground. A procedure has been 

established between CALM, Alcoa and the Department of Land Administration to 

ensure that the reserve boundaries adjacent to potential mining areas are correctly 

recorded on maps and computer databases used for planning purposes, and are 

accurately located in the field. Field demarcation of the boundaries is being 

established by Alcoa survey crews using coordinates validated by CALM and the 

Department of Land Administration. Signs are being erected where necessary. Minor 

rationalisation of the reserve boundary has been proposed in some areas where the 

existing boundary appears to have no rational basis and could cause confusion to 

operators or present other management problems. 
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An environmental management plan has been developed specifically for mining 

adjacent to the Samson conservation park. The objective of the plan is to ensure that 

the conservation values of the park are not compromised by mining adjacent to it. 

The plan includes a comprehensive pre-mining assessment of the flora, fauna, dieback 

status and hydrology of the area. 

Phytophihora cinnamomi was found to be widespread within the conservation park. 

Consequently, dieback control measures were designed to prevent intensification of 

the existing disease impact. Drainage control to ensure that mining does not cause 

soils in forest downslope to become wetter and more favourable to the dieback 

pathogen is the most important dieback control measure. Areas cleared for mining 

have runoff control measures applied as necessary to prevent surface discharge to 

adjacent forest. During mining, water is contained within the pits. The objective is to 

mine areas of ore immediately adjacent to the reserve over one summer and then 

rehabilitate them before winter. Rehabilitation aims to re-establish vegetation capable 

of restoring the site water balance as quickly as possible, while still retaining its 

primary ecological objectives. 

Permanent vegetation monitoring plots have been established to assess the impact of 

dieback on the forest in the Samson conservation park before, during and after 

mining. Fauna monitoring will be conducted after mining to determine the rate of 

return of fauna to rehabilitated areas. 

Similar programmes will be implemented when mining occurs adjacent to other 

conservation areas. Annual presentations are given to the Lane Poole Reserve 

Advisory Committee on the latest mine plan and the status of the environmental 

management plan 

5.1.5 Water Resources 

Stream Runoff 
Changes to the forest canopy cover can result in significant changes to catchment 

water yield particularly in the high rainfall zone. Thus one of the few beneficial 

effects of canopy loss due to dieback disease is an increase in stream runoff. Broad-

scale thinning of the forest canopy has been proposed as a means of increased water 

yield in water supply catchments but has not been implemented on an operational 

scale. 
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The hydrological effects of mining in the high rainfall zone (>1100mm per year) have 

been reviewed by Lob et al. (1984), Ruprecht et al. (1990) and Ruprecht et al. (1994). 

These studies found that water yields from small catchments increased by 8-20% of 

annual rainfall after mining commenced. However, the water yield declined back to 

near normal levels following rehabilitation of the mined areas. Nine years after 

rehabilitation was complete in a carefully monitored catchment at Del Park, water 

yields had declined to slightly below pre-mining values. Water yields could be 

increased if necessary by thinning the regrowth in the rehabilitated areas. 

Mining in the Willowdale North area may cause localised, transient changes to local 

streams but no significant detrimental long-term effects are expected. 

Stream Turbidity 

The major water quality issue in mining areas in the high rainfall zone is turbidity. 

Turbidity is the release into suspension of fine particles after land disturbance. If not 

effectively managed, land cleared for mining can cause temporary increases in stream 

turbidity after rain. Turbid runoff is most likely to come from haul roads in heavy 

rainfall but can also emanate from minepits during mining and in the first year of 

rehabilitation. 

Extensive monitoring of streams which drain Alcoa's mining areas (refer Figure 12) 

show that stream turbidity events associated with mining are infrequent and 

temporary. Of more than 5,300 samples taken at long-term monitoring points around 

the Willowdale Mine during the 199 1-93 triennium, only two (0.04%) recorded 

turbidities over 25 NTU. Sixty-six samples (1.3%) recorded turbidities between 10 

and 25 NTU, but more than half of these resulted from emergency action to control a 

wildfire. Streams draining catchments where rehabilitation has been completed have 

turbidity levels similar to those in unmined forest. No long-term adverse effects on 

stream zone vegetation due to turbid runoff from haul roads have been detected. 

Stream zone sedimentation and stream turbidity will continue to be minimised by 

designing and constructing haul roads and associated drainage control works to 

standards approved by the Water Authority and which are consistent with those 

recommended by The Institution of Engineers Australia. Turbid runoff will be routed 

to sediment basins or other sediment control works. Standards used for the design of 

detention ponds and other components of the minesite drainage system, such as 

stabilised channels and road culverts, are described in Alcoa (1990). 
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A procedure for predicting unseasonal and heavy rainfall at Willowdale and Alcoa's 

other mines has been developed with a contract meteorology service. Twenty four or 

48 hours notice is provided of the probability of 25 mm or more of rain falling at the 

mine. If more than 25 mm is forecast within 48 hours a 'green alert' is issued. A 'red 

alert' is issued if the rain is forecast within 24 hours. Mine personnel implement 

procedures to minimise the potential for stormwater runoff damage and soil erosion in 

response to these alerts. After each rainfall event, mine personnel carry out a survey 

to determine whether any significant turbid discharge to streams has occurred. Any 

deficiencies or damage to the drainage control works are rectified promptly. 

Runoff rarely occurs from the active minepit areas. Minepit perimeters and access 

points are designed to ensure that any runoff which does occur is contained within the 

pit. There is a vulnerable stage when the orebody has been cleared and not yet blasted 

or ripped. Runoff from these cleared areas is controlled by temporary earthworks and 

blasting of a narrow strip of caprock around the lower perimeter. After mining, the 

rapid establishment and growth of plants following rehabilitation quickly reduces the 

potential for turbid runoff to enter adjacent forest or stream zones. 

A water quality objective of less than 10 NTU has been established for third order or 

larger streams and sensitive catchment areas. The objective for minor streams 

draining the immediate mining area is less than 25 NTU. Water Authority inspectors 

are notified of any incidents involving exceedance of these objectives. As mining 

progresses, the current turbidity monitoring programme will be extended to cover all 

catchments in which mining will occur. Both long-term sampling points and short-

term sampling points will be established at least one year before clearing begins in a 

catchinent. The long-term sampling points will be equipped with automatic samplers 

or turbidity transducers and data loggers. The short-term sampling points will be 

equipped with stage-rise samplers. These and a manual sample will be collected 

whenever 25 mm or more of rain is received in 24 hours. 

Management of Hydrocarbon Spillages 

During mine vehicle refuelling and minor servicing in the field, there is a potential for 

oil or fuel spillage. To manage and contain such spillage and prevent it affecting 

water catchments, a clear response procedure has been established, involving 

immediate temporary control by earth bunding, clean-up using oil spill recovery 

equipment held in the mine workshop, and if necessary excavation of contaminated 

soil and placing it in the ore stockpile for incorporation with the ore sent to the 

refinery. Oil spill recovery equipment includes absorbent mats, pillows and floating 
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oil booms, in addition to general equipment such as pumps, excavators and catch trays 

and receptacles for recovered fuel and oil. The frequency of such spills is held at a 

low level by restricting all significant maintenance, repair and refuelling activities to 

the main workshop facility, which is within a controlled drainage area. 

Groundwater 
Groundwater levels beneath minepits in a closely monitored catchment at Del Park 

rose by approximately three metres in the two to three years following clearing and 

mining. As water use by the vegetation established on the minepits during 

rehabilitation increased, groundwater levels receded. Groundwater levels beneath 

mined areas had declined to only 0.4m above those in forested areas eight to nine 

years after mining. Generally, groundwaters in the high rainfall zone are relatively 

fresh because of the low salt levels in the soil (see 4.1.2). 

Salinity of Water Resources 
Alcoa has been mining in the high rainfall zone of the Darling Plateau since 1963 

without causing significant increases in stream salinity. Very slight increases in 

stream salinity of 7-10 mg/l of chloride were measured after mining in monitored 

catchments at Jarrahdale and Del Park. Nine years after rehabilitation was completed 

in the Del Park catchment, stream salinity had returned to pre-mining levels. Neither 

the relocation of mining to the Willowdale North area, nor the increased rate of 

mining, is expected to cause any significant increases in stream salinity. 

Alcoa made a commitment in the 1978 ERMP that bauxite mining will not take place 

in the eastern, lower rainfall portion of its mineral lease until research shows that the 

operations can be conducted without significantly increasing the salinity of water 

resources. This commitment remains. The Joint Intermediate Rainfall Zone Research 

Programme is an ongoing investigation into the possible effects of mining east of the 

1100 mm isohyet. It also aims to develop appropriate environmental management 

procedures for mining in the lower rainfall areas. It is overseen by the Bauxite Sub-

Committee of the Steering Committee for Research on Land Use and Water Supply, 

which reports to the W.A. Water Resources Council. A review of the programme was 

endorsed by the Steering Committee in August 1994. 

The field research and monitoring programme is undertaken mainly by the Water 

Authority, Alcoa and Water and Environmental Consultants (Alcoa's consultants). 

CSIRO's Division of Water Resources and University of Western Australia's Centre 

for Water Research are contributing to the development of catchment models which 
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will be capable of predicting the effects of land-use changes including mining and 

rehabilitation on stream salinity. The research programme includes a demonstration 

mining and rehabilitation project east of the Huntly Mine scheduled to commence 

about the year 2005. Depending on the results from this and other research, 

modelling and inventory programmes, full-scale bauxite mining in the eastern part of 

the mineral lease could occur from about the year 2020. 

Based on geological estimates, the remaining potentially mineable bauxite reserve in 

AlcoaTs mineral lease is currently about 2 billion tonnes, of which about 750 million 

tonnes lies east of the 1100 mm rainfall isohyet, mostly within the intermediate 

rainfall zone. There is sufficient bauxite in the high rainfall western part of the 

mineral lease for the Kwinana, Pinjarra and expanded Wagerup refineries to continue 

operating at full capacity for about 40 years. In 40 years time Kwinana Refinery will 

be 71 years old Pinjarra 62 and Wagerup 50 - at or beyond the life span of most major 

industrial facilities. The proposed expansion will not result in a need for premature 

access to lower rainfall areas. 

5.1.6 Forest Fiora 

The impact of mining on the flora and fauna in the original Willowdale 30 year 

mining region was discussed in the 1978 ERMP. 

Mining at Willowdale North will have little impact on the flora of the jarrah forest as 

a whole. The total area to be cleared at Willowdale North represents less than one 

quarter of one percent of the jarrah forest. The establishment of an ecologically 

representative system of conservation reserves within the jarrah forest has ensured the 

preservation of nearly all significant ecosystem types. 	Alcoa supported the 

establishment of these reserves and has agreed to exclude or indefinitely defer mining 

in conservation reserves and other special purpose areas covering about 25% of the 

principal bauxite area within its mineral lease. 

Mining will have a localised impact on the flora due to direct losses during clearing 

and possible indirect losses associated with the spread of dieback. Rehabilitation will 

alleviate these losses to a large extent. 

Vegetation site-types S, SP, ST, PS, and TS will be the major vegetation types cleared 

as they cover more than 90% of the possible minepits defined by exploratory drilling. 
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The various S vegetation types are well represented in the nearby Lane Poole Reserve 

and other conservation parks in the jarrah forest. 

Mining should have little effect on populations of the priority species Acacia 

oncinophylla aff. ssp. patulfolia (section 4.1.3) as this species occurs adjacent to 

granite outcrops which won't be mined. Similarly, the only known population of E. 

graniticola exists near granite outcrops on the Darling Scarp. The other priority 

species occur mainly in stream zones and river valleys which generally do not contain 

bauxite. Any localised impact on priority species will be mitigated by the 

environmental management measures outlined below. 

Pre-mining flora surveys will continue to be conducted to detect the presence of 

declared rare flora or priority species (for an explanation of these terms see Appendix 

D) and map site-vegetation types. Mine plans will be modified where appropriate to 

minimize the effect of mining on priority species or vegetation types identified in 

these surveys. 

Alcoa has established an advanced plant propagation research and production 

capability at its Marrinup Nursery near Dwellingup, and has a close working 

relationship with the Kings Park and Botanic Garden and universities working on the 

propagation of rare or recalcitrant native plants. These resources will be harnessed to 

develop propagation protocols for any of the priority species considered to be at risk, 

or whose conservation would benefit from their establishment in rehabilitated mine 

areas. For example, two priority species have been successfully propagated and 

established at the Hedge Gold Mine near Boddington. 

Significant areas of granite outcrop which are known to be sites of rich floral and 

faunal diversity will be protected from disturbance. Mining will not take place within 

50 m of any outcrop greater than one hectare in area. 

Stream zone areas consistently support higher flora and fauna diversities than upland 

forest. Stream zones do not contain bauxite, so the direct impact of mining operations 

on their flora and fauna is minimal. Where stream crossings are required for haul 

roads or conveyors, construction methods will be designed to minimise clearing and 

any other potential impacts. The crossings will be removed and rehabilitated after use 

unless required by CALM for ongoing forest management purposes or some other 

special need for ongoing access exists. 
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5.1.7 Dieback Management 

If mining activities and drainage from minepits, haul roads, and other roads and 

structures are not well managed, they could result in the introduction of new dieback 

infections or in pre-existing disease impacts being intensified. 	Some public 

submissions on the 1978 ERMP suggested that more than three hectares of forest 

could be degraded through dieback spread by the operations for each hectare actually 

mined. 

Surveys in mined areas at Del Park South and in the Urbrae forest block at Huntly 

have quantified the spread of dieback after mining. Mining in the Del Park South area 

was undertaken with less comprehensive dieback management strategies than those 

which are now in place. Seven isolated pockets of dieback forest, in some cases 

represented by one infected plant, were found around the 4.7 km perimeter of the 

surveyed mining area at Del Park South after it was rehabilitated. Four years later, P. 

cinnamomi had spread to 0.3 ha of the downslope forest. It is not possible to say 

whether this was due to mining or would have occurred anyway. However, this 

represents a ratio of area infected by dieback to area mined of 0.02:1, i.e. two orders 

of magnitude less than the forecasts made by some commentators in 1978. The area 

potentially at risk from the seven spot infections is about 3.3 ha. 

Mining in the Urbrae block site at Huntly was undertaken with the current dieback 

management strategy. The area was cleared and mined progressively from 1986 to 

1991. The total area of forest cleared for mining was 120.38 ha. In 1991 the total 

area infected with dieback downslope of the mined area was 5.73 ha. At the end of 

1992 this had increased to 9.42 ha. Only 0.32 ha of the increase of 3.69 ha were new 

infections along the mining boundaries which could possibly be attributed to the 

effects of mining or pre-mining activities including timber harvesting. Even these 

areas could have been incipient infections which were not showing detectable 

symptoms at the time dieback mapping was undertaken. The remaining increase was 

of pre-existing infections, most of which weren't contiguous with mined areas, and 

almost certainly would have occurred even if the adjacent area hadn't been mined. 

The impact of P. cinnamomi varies at different sites. On some sites, the introduction 

of P. cinnamomi results in the death of most of the jarrah trees and many understorey 

species. At other sites, the symptoms of the disease can be more subtle with only a 

few understorey species affected. Recent studies have improved the understanding of 

the causes of this variation. In general, the impact of dieback is high on poorly 

drained sites and lower on well drained sites. 
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The area of uninfected forest at risk from dieback spread due to mining in Willowdale 

North is comparatively low because of the extent of existing dieback. Much of the 

mining will be in or above dieback-affected forest. The lower proportions compared 

with the Huntly and Jarrahdale mines of vegetation types PW and SW, which are 

highly susceptible to dieback, reduces the risk of infection and spread of dieback. 

However there are some areas of PW and SW forest east of Lake Kabbamup which 

have been interpreted as free of dieback but with a high potential risk for infection 

with P. cinnamomi by natural spread. Mine plans will take account of the need to 

protect unmined forest in these areas from drainage waters and other possible vectors 

of dieback infection. 

Vegetation mapping units downslope of mining areas are the various S type 

vegetation units which cover the majority of the area which will be mined, W, CW, 

CQ and some D site-vegetation types. Many of these areas are already infected with 

dieback. The CW and CQ units consist of species which are mainly resistant to 

dieback. 

Dieback Management Procedures 

Procedures for managing dieback have been developed jointly by CALM and Alcoa, 

are reviewed annually, and form part of the Working Arrangements between the two 

organisations. Examples of the tasks for which documented dieback procedures have 

been written are given in Table 5.1. These procedures help minimise the impact of 

exploration, construction, ore development, mining and rehabilitation operations on 

the vegetation and on the fauna species detrimentally affected by dieback-induced 

vegetation changes. 

Dieback Mapping 

Mapping the distribution of the disease in the forest prior to mining is an important 

component of dieback management. CALM personnel use aerial photographs to 

detect plant deaths and these are subsequently verified in the field by teams of dieback 

interpreters. Integration of the scheduling of aerial photography and field verification 

with CALM's fuel reduction burning programme is essential. The verified dieback 

status information is transferred to orthophotos, digitised and transferred to Alcoa's 

Geographical Information System (GIS). Dieback hygiene maps produced from the 

GIS are used as the basis for dieback management plans which cover all forest areas 

at least 10 years ahead of mining. 
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Table 5.1: 	Examples of Documented Dieback Management Procedures. 

How to recognise and enter different dieback disease category boundaries 

Erection and maintenance of signs 

Access to and from forest tracks 

Control of public access 

Upgrading forest tracks 

Siting a cleandown location and cleandown ramp 

Vehicle inspection and cleandown 

Timber salvage, clearing and burning 

Handling and moving topsoil and overburden 

Haul road design, construction, maintenance and rehabilitation 

Drill and blast operations 

Ore extraction 

Mine Rehabilitation 

Servicing vehicles at dieback boundaries 

Breaches in dieback hygiene 

This mapping is carried out before all pre-mining activities including drilling, logging 

and clearing. The hygiene map are used by the local CALM district office to mark an 

operational dieback line in the field. This line is used in planning and conducting all 

subsequent field operations. Dieback boundaries are remapped periodically and the 

dieback hygiene maps updated accordingly. Alcoa meets the cost of the dieback 

photography, interpretation, mapping and field demarcation programme. 

Dieback Management Strategy 

Figure 13 is a schematic representation of the overall process for developing and 

improving the dieback management programme and integrating it with mine planning 

and operations. A dieback management strategy has been developed for the 

Willowdale Mine and this will be continued for all operations at Willowdale North 

and subsequent mining areas. Its objectives are to: 

effectively minimise dieback spread by all stages of the mining operations 

prevent the introduction of P.cinnamomi to dieback-free soils which will be 

used in mine rehabilitation or construction 

protect forest adjacent to mining from dieback introduction or intensification 

of existing infection. 
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The dieback management strategy aims to prevent the movement of fungal inoculum 

in soil and water and to contain drainage water. A schematic example of how the 

strategy would be applied to ore bodies on a dieback-free hilltop is shown as Figure 

H. 

Forest in areas scheduled for mining is given a priority rating according to its dieback 

status and the potential risk of dieback infection and spread. The timing of the 

movement of soil and the need to clean machinery before entering an area is 

determined by its priority rating. All vehicles entering dieback-free areas are cleaned 

to remove any adhering soil which may contain fungal inoculum. Facilities for 

washing down vehicles and equipment are provided on roads which provide access to 

dieback-free areas. Drainage from the clean-down facilities is controlled. Heavy 

vehicles are cleaned at the Willowdale workshop clean-down bay and inspected and 

cleaned again, if necessary, at the boundary of the dieback-free area. 

Haul roads are located in areas affected with dieback and as low as possible in the 

landscape to minimise the area of susceptible downslope forest placed at risk. Where 

they must traverse dieback-free forest to access ore, they are routed so the clearing of 

healthy forest is minimised. Drainage from the haul roads is controlled to minimise 

the risk of contributing to the intensification of the disease in the surrounding forest. 

These principles are also applied to conveyor alignments and crusher sites, although 

there is generally less flexibility in selecting conveyor alignments and crusher 

locations. 

An important part of the dieback management strategy is to limit access to and from 

the active mining areas via forest tracks. The number of existing tracks in the 

Willowdale area is being reduced by CALM and Alcoa. Dieback-free hilltops will be 

protected, especially during times of major activity, by gates, barriers and signs. 

Educating employees and contractors about dieback, its spread and the dieback 

management procedures they must follow, is an integral part of the dieback 

management strategy. 

Dieback Forest Rehabilitation 

Alcoa funds a programme, known as the Dieback Forest Rehabilitation (DFR) 

programme, to treat dieback-affected forest within the mining perimeter at 

Willowdale and its other mines. This is done regardless of the cause of introduction 
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of the disease to the area. A prescription for DFR forms part of the Working 

Arrangement between CALM and Alcoa. 

The great majority of areas treated under the DFR programme were infected prior to 

the commencement of any mining activity. In 1991-93 a total of 155.5 ha of dieback-

affected forest at Willowdale was treated. Treatments included establishing and 

fertilising trees and understorey in forest where the overstorey was extensively 

degraded by dieback, and creating fauna habitats. DFR operations whose value has 

been confirmed by research will continue to be funded under this programme. 

Given the unusually high incidence of dieback disease in current and future mining 

areas at Willowdale and Willowdale North, there is considerable potential to improve 

the conservation and recreational value of the whole forest in both areas by means of 

the DFR programme. A sub-regional plan will be developed jointly with CALM for 

this purpose. Because of the necessity to maintain water yields in catchment areas, it 

is likely that the main focus of DFR activity will be in the areas adjoining the Lane 

Poole Reserve. 

The most severely dieback-affected sites on black gravel soils are not amenable to 

rehabilitation using the current DFR prescriptions. Research will be initiated to 

development rehabilitation methods better suited to these particular sites. 

5.1.8 Forest Fauna 

The likely impacts of the Willowdale North mining operation on fauna are well 

known through detailed fauna studies conducted at Alcoa's Willowdale and other 

mines. Impacts depend on the following factors: 

the particular fauna species 

the location and extent of mining operations 

the type, timing and success of rehabilitation (success here is defined as the 

extent to which it fulfils the requirements of fauna). 

As predicted in the original Wagerup ERMP, localised impacts on individuals can and 

do occur. For dieback hygiene reasons, clearing operations in areas of dieback-free 

forest take place in dry soil conditions, ie. summer and autumn. At this time of the 

year almost all mammal and bird species are not breeding, and reptiles are relatively 

mobile. It is therefore likely that many species are able to move and avoid mining 
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operations. Their success in colonising surrounding forest depends on its suitability, 

and for those species which are territorial, whether the territories are already occupied. 

The impacts of mining operations on the vertebrate fauna of adjacent forest have been 

studied in detail at Alcoa's Jarrahdale mine, and the results are relevant to Willowdale 

North. Long-term surveys on reptiles and birds (Reynolds 1993 and Armstrong 1993) 

have shown that no declines occur in either the species richness or densities of these 

fauna groups. 

Since surveys began in the late 1970s, declines in some mammal species such as the 

Chuditch have occurred (Nichols 1993); however the same declines have occurred in 

areas remote from mining and it is now accepted that fox predation is the primary 

cause. Fox baiting conducted by CALM at several forest sites has resulted in dramatic 

recoveries of medium sized mammal species. The same results are expected in areas 

around Alcoa's mines, and therefore a net increase of these mammal species (and any 

other species heavily predated by foxes) is likely to occur. However, in some areas, 

fox predation may have caused the local extinction of some mammal species. This 

may be the case with the Southern Brown Bandicoot, Quokka and Numbat at 

Willowdale. In cases such as these, reintroduction may be necessary once fox 

numbers have been controlled. 

Numerous studies have been conducted on vertebrate and invertebrate fauna 

recolonisation of rehabilitated areas following mining (eg. Nichols and Bamford 1985, 

Nichols and Watkins 1984, Simmonds 1993 and many others listed in Alcoa 1993). 

Rehabilitation techniques have improved significantly over the years and more than 

90% of bird species, 78% of reptiles, 80% of mammals and 75% of frogs have 

recolonised rehabilitated areas. These include all gazetted rare or specially protected 

species recorded in surveys of nearby forest areas. 

Upland jarrah forest species which have not yet been recorded are noted in Appendix 

C. Most of these are relatively widespread and many also occur outside the jarrah 

forest. Some, such as the Rufous Treecreeper and the Gecko Diplodactylus 

polyophthalmus forage or shelter under bark, and may require more mature trees 

before they return. Others such as the snakes Rhinoplocephalus gouldii and R. 

nigriceps are often found in the forest under granite exfoliations and their use of the 

types of upland forest which are mined may be limited. Some of the species listed 

may have returned to mined areas but not yet been recorded there. It is expected that 
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all which use upland forest will return in time. Monitoring and studies on species 

which have not been recorded will continue. 

The rate of return of invertebrate groups varies, but is usually in the range of 70-90% 

of species present in unmined forest. The Simmonds (1993) study on spiders provides 

a good example of the processes of invertebrate recolonisation. Spiders are at the top 

of invertebrate food chains, and would be expected to reflect any significant absences 

of species lower in the chain. Simmonds demonstrated that the richness and diversity 

of spider populations in mined areas is comparable to that found in unmined areas. 

He also showed that spider recolonisation in mines rehabilitated using more recent 

techniques was more rapid than in similar-aged sites which had been rehabilitated 

using earlier methods (eg. less or different understorey and eastern Australian 

eucalypts). 

The study of Bunn (1982) considered whether mining activities had any actual or 

potential impacts on aquatic invertebrate fauna. Sites located in catchments where 

mining had taken place for many years were compared with sites in unmined 

catchments. There were no consistent differences between the two sites. One species, 

a silt tolerant mayfly Tasmanocoenis tillyardi, was found in the streams on some of 

the mined catchments but not at other sites. Mining and other forest activities had 

taken place for many years in the catchments where the species was collected, and the 

sediment control techniques were not as efficient as those used today. Stringent 

erosion control techniques and a comprehensive water monitoring programme at 

Willowdale North should ensure that mining activities do not impact significantly on 

aquatic fauna. 

Many years of experience and numerous research projects have helped develop 

mining and rehabilitation techniques which minimise the impacts of the operations on 

forest fauna. The dieback management strategies described in sections 5.1.7 are also 

important components of the overall fauna conservation strategy. The vertebrate and 

invertebrate fauna research programmes being conducted at other minesites will 

continue and changes in rehabilitation techniques resulting from these studies, where 

appropriate, will be implemented. 

An evaluation of habitat trees requirements in unmined forest adjacent to mining 

operations will be undertaken jointly with CALM. It is likely that trees containing 

hollows will need to be retained in greater numbers than is the case in normal forest 

harvesting prescriptions. 
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Alcoa will continue to financially support Operation Foxglove, the fox baiting 

programme which is being carried out to encourage native fauna recovery over 

550,000 ha of the jarrah forest. This includes the current mining areas at Willowdale 

and Willowdale North. Populations of other feral fauna species, particularly cats and 

pigs, will be monitored as part of ongoing fauna monitoring programmes. Control 

programmes will be implemented if these are shown to be necessary, and safe and 

practical methods are available. 

Pre-mining fauna surveyed will continue to be conducted to detect the presence of rare 

or specially protected species, or fauna habitats requiring special management. 

Conservation and recovery programmes for rare or endangered fauna indigenous to 

the jarrah forest will continue to be supported. An example is the Chuditch Recovery 

Plan, which Alcoa has sponsored jointly with the Australian Nature Conservation 

Agency and World Wide Fund for Nature for a three year period. CALM and The 

Perth Zoo are undertaking the research and recovery programme funded under the 

sponsorship arrangement. 

Given the results of studies from other Alcoa mines and the fact that fox baiting is 

now being conducted, it can be predicted with reasonable confidence that mining 

operations at Willowdale North will not have a significant long-term impact on the 

fauna populations of adjacent forest areas. As with other mines, long-term monitoring 

of vertebrate fauna will be conducted to verify that this is the case. 

5.1.9 Mine Rehabilitation 

The increased rate of mining will not change the objectives, methods or effectiveness 

of the current rehabilitation process. All areas disturbed by mining will be 

rehabilitated according to the prescription which forms part of the Working 

Arrangements between CALM and Alcoa. This prescription is reviewed and updated 

annually in response to research and monitoring results. In the period 1991-1993, 121 

ha of State Forest was rehabilitated after mining at Willowdale. The rate of 

rehabilitation will be increased to match the increased rate of clearing and mining. 

Mine plans will be developed so as to minimise the time between clearing and 

rehabilitation of mine-pits, commensurate with effective dieback management and the 

need for grade and impurity control of the bauxite being delivered to the refinery. 
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The objective of bauxite mine rehabilitation is to establish a stable, self-regenerating 

jarrah forest ecosystem, planned to enhance or maintain water, timber, recreation, 

conservation and/or other nominated forest values defined in CALM's Regional 

Management Plan for the Swan and Central Forest Regions. While mining-induced 

changes to the landscape mean that the distribution of site-vegetation types will vary 

to some extent from that existing previously, the ultimate goal is to restore the 

complete range ofjarrah forest flora and fauna appropriate to the new site conditions. 

Mining provides the opportunity to establish new populations of rare and priority 

species and fund research into their conservation and propagation. It also provides the 

opportunity in localised areas to enhance a range of recreational activities. 

Rehabilitation Advances 

Since 1978, significant and continuing progress has been made in Alcoa's bauxite 

mine rehabilitation. The most notable developments are summarised in Table 5.2. 

In 1978 the objectives of rehabilitation were loosely defined and some of the major 

improvements in rehabilitation have come about from clearly defining these 

objectives and developing a detailed but dynamic rehabilitation prescription jointly 

with CALM. One of the principal developments has been the change towards 

attempting to restore the complete j arrah forest flora, rather than a purely functional 

approach based on establishing a vegetation community capable of supporting most of 

the land uses of the jarrah forest. 

Rehabilitation commences immediately after mining is completed. The first step is to 

batter down the steep pit walls and landscape the area. The mined pits are 

comprehensively reshaped to blend back in to the surrounding landscape. Next the 

overburden and topsoil, which are salvaged before mining, are returned in the correct 

sequence and the area is deep ripped. The topsoil is the top 5-10 cm of soil that 

contains the majority of the soil organic matter, most of the seed, soil micro-

organisms, and much of the more labile plant nutrients. The overburden is the 40 cm 

or so of sandy gravel between the topsoil and the caprock at the top of the bauxite 

layer. When Alcoa first started mining, the topsoil and overburden were stripped 

together and stockpiled before being returned to the same pit. In more recent times 

most areas have been double-stripped, that is the overburden and topsoil have been 

removed separately. Ideally the freshly-stripped topsoil is returned direct to a mined-

out pit without being stockpiled, although this is not always possible due to dieback 
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Table 5.2: Rehabilitation advances since 1978. 

Item 
	 1978 Practice 

	 Current Practice 

Rehabilitation objective 

Operational procedures 

Soil handling 

Landscaping 

Tree species 

Nursery 

Fertilizer 

Dieback management 

Loosely defined 

Non-prescribed: activities 
based on experience, Forest 
Dept. directive and ad-hoc 
field trials 
Double-stripping and direct 
return implemented on a 
trial basis only at Jarrahdale 
Minimum earthmoving 
consistent with effective 
erosion control 
Ripping to 1 .2m with 
conventional tine 

and Rudimentary design criteria 
Over-design of earthworks 

50% eastern Australian 
eucalypts and 50% W.A. 
eucalypts including non-
jarrah forest species 
Hand planted 600 seedlings 
per hectare 
Less than 10 species of 
mainly large or medium 
sized legumes 
Minimal dieback hygiene. 
Seedling production. 

Planted eucalypts: 200g 
MAP. 
Understorey: varied but 
usually 400 kg/ha 
Superphosphate, spread by 
fixed wing aircraft 
Limited to control of 
stormwater discharge to 
forest 

Clearly defined and related 
to CALMts Regional 
Management Plans 
Rehabilitation prescription 
forms part of the Working 
Arrangements between 
CALM and Alcoa 
Plans in place to maximise 
double-stripping and direct 
return at all mines 
Comprehensive landscaping 
to blend mines with 
surrounding landscape 
Ripping to 1.5m using a 
winged tine 
Winged tine has largely 
eliminated the need for 
additional drainage control 
structures 
Only jarrah forest species 
Jarrah the major species 

Direct seeding of 2000 trees 
per hectare 
31 species all native to the 
area 

Strict dieback hygiene 
control. Emphasis on 
quality, provenance-correct 
seed and improved 
propagation 
500 kg/ha of mix based on 
DAP with added K and 
micro-nutrients, spread by 
helicopter 

Comprehensive dieback 
management strategy 

Ripping 

Water management 
erosion control 

Tree establishment 

Understorey 
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and logistic restraints. Stripping the topsoil separately and returning it immediately to 

a pit awaiting rehabilitation results in the best establishment of understorey species. 

Research has shown that the majority of the understorey species found on 

rehabilitated mines originate from propagules in the topsoil rather than from the seed 

broadcast during rehabilitation. 

For dieback control reasons, dieback-free topsoils are stripped under dry soil 

conditions whenever possible. Dry soil handling also tends to preserve more of the 

soil's nutritional and other biological values. 

In the early 1980s   a winged ripping tine was developed by Alcoa and this was brought 

into general use in 1984. The tine is mounted on a large bulldozer. The winged tine 

improves the break up of the compacted pit floor, especially under moist soil 

conditions, and improves water infiltration. The improved surface drainage enhances 

the prospects for establishing dieback susceptible plant species and reduces the need 

for large erosion and drainage control structures. 

In the 1970s,   drainage control structures such as contour banks were designed to 

ensure total retention of water from the whole minepit. More sophisticated design 

criteria were developed in the 1980s   with water either being retained on the slopes 

using contour ripping and relatively small contour banks at intervals, or discharged 

via grade banks and stabilised waterways. Currently water is retained on the minepit 

slopes by contour ripping with the winged tine. This technique has largely eliminated 

the need for additional drainage control structures to be built after ripping, except on 

particularly steep slopes. 

After ripping, fauna habitats and fauna corridors may be created using logs, stumps 

and other natural materials. This is done where fauna monitoring show that such 

measures are likely to significantly benefit key fauna species such as the Chuditch. 

The next step is to establish the trees and the understorey. In 1978, the tree species 

were chosen for their resistance to dieback, timber potential, rapid growth, and 

tolerance of harsh sites; about 50% being eastern Australian eucalypts. Only trees 

from the jarrah forest have been established on bauxite mines since 1989. Jarrah 

usually comprises 80% of the total trees established with 20% marri. In low-lying 

areas, the proportion of jarrah is reduced and blackbutt (Eucalyptus palens) can 

comprise up to 60% of the tree species. Bullich (Eucalyptus megacarpa) is also sown 

in appropriate areas. 
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As well as changing to local species, the method of establishing trees has changed 

since 1978. At that time, tree seedlings were raised in the nursery and then planted by 

hand. Direct seeding of the trees was phased in commencing in 1986, and since 1989 

all rehabilitated areas at Willowdale have been seeded with eucalypts. The tree seed, 

along with the understorey seed, is broadcast by hand in late-summer or autumn. 

Direct seeding gives a more natural appearance, more like a forest than a plantation, 

and the trees develop a better root system. Initial results suggest the jarrah in 

particular develops a better form when established by direct seeding rather than as 

planted seedlings. 

Some supplementary planting of seedlings was carried out on relatively steep slopes 

at the base of Mount William and adjacent to the Samson conservation park of Lane 

Poole Reserve after 1989. The purpose was to re-establish the vegetation cover as 

quickly as possible to accelerate the restoration of the site water balance and minimise 

the potential for erosion. 

Understorey has been sown routinely since areas of the Willowdale Mine were first 

rehabilitated. Originally it consisted of predominantly large or medium sized legumes 

such as Acacia saligna, A. extensa and Paraserianthes lophantha. Legumes can fix 

nitrogen from the atmosphere and so increase the nutrient capital of the system and 

provide other benefits such as erosion protection and a habitat for fauna. The seed 

mix has become more sophisticated over the years and in 1993 contained 31 species, 

all of which have been confirmed as native to the Willowdale area by pre-mining flora 

surveys. In 1992, 22% of the rehabilitated areas were sown with seed gathered 

exclusively from the area surrounding the Willowdale Mine. This was increased to 

around 60% in 1993 and 1994 and will approach 100% in future years. 

The final rehabilitation operation occurs in spring when 500 kg/ha of a fertilizer mix, 

based on di-ammonium phosphate with added potassium and micro-nutrients, is 

broadcast onto the rehabilitated mine areas by helicopter. 

Rehabilitation Monitoring 
At nine months the density of eucalypts and legumes is assessed on each pit. The aim 

is to have 2000 (minimum 1300) eucalypts per hectare and two (minimum one) 

legumes per square metre. Monitoring at nine months allows pits not reaching the 

minimum standard to receive remedial treatment in the year after they were first 

rehabilitated. It is very rare for any areas to fail to reach the minimum standards. In 
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areas rehabilitated at Willowdale in 1993 the mean density of eucalypts was 2845 

(standard error 439) per hectare and of legumes 3.4 (standard error 0.6) per square 

metre. 

An important aim of rehabilitation is to establish a wide range of native tree and 

understorey species through a combination of careful handling of the topsoil and 

seeding. The success of this strategy is assessed fifteen months after rehabilitation by 

counting the number of native plant species in a minimum of 50 plots of 80 m2, 

randomly located throughout the rehabilitated areas. Areas rehabilitated in 1992 at 

Willowdale, assessed in spring 1993, had an average of 43.7 (standard error 1.6) 

native species per 80 m2  compared with an average of 50.9 species on control plots 

established in forest within the current Willowdale mining perimeter Longer-term 

monitoring of plant succession at selected sites indicates that further species will 

recruit into the rehabilitated mine areas with time. 

The performance of older rehabilitated areas is assessed periodically. The survival 

and growth of jarrah growing on rehabilitated mines has been an important aspect of 

the long-term monitoring programme. Results from this monitoring (Table 5.3) and 

from research trials (Ward and Koch 1994) have shown that both survival and growth 

ofjarrah on well drained rehabilitated areas has been good. 

Table 5.3: 	Survival and growth of Eucalyptus marginata growing on freely 
drained, rehabilitated bauxite mines. (nd = not determined). 

Mine Pit ID Age 
(years) 

Average 
height 

(m)  

% 
survival 

Huntly 2 14 11.0 77 

Huntly 3 13 8.8 83 
Huntly 4 13 9.8 87 
Del Park 3 14 11.0 98 
Huntly S 6 nd 96 
Jarrahdale S 6 nd 93 
DelPark S 6 nd 98 

Rehabilitation Completion Criteria 

A working group with representatives from CALM and Alcoa has been established to 

develop completion criteria for Alcoa's bauxite mine rehabilitation in addition to the 

establishment criteria already in existence. Rehabilitation of bauxite mines can be 

considered complete when any obligation for a continued financial or operational 
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input from the company ceases. The working group will recommend criteria to 

describe the desired state of rehabilitation at this time. Preliminary criteria for current 

rehabilitation are expected to be available by the end of 1994. Criteria for older areas 

of rehabilitation established using earlier techniques will be formulated in 1995. 

5.1.10 Noise and Dust Control 

Background noise levels in forest areas in the general vicinity of the mining 

operations are surprisingly high during the daytime. Recent measurements in very 

light (<5 knot) winds near Willowdale were generally in the range 49-52 dB(A), but 

with considerable variation depending on topographic location, forest cover, weather 

conditions and wildlife activity. For example, bird calls increased the sound level by 

6 dB(A). 

Blast noise is the most common source of concern to neighbouring property owners 

and the dominant cause of complaint. 

The frequency of blasting will increase as a result of the increased rate of mining. 

However the increase will not be proportional to the increase in production, as a large 

bulldozer has been purchased recently to rip, rather than blast, caprock in more noise 

sensitive areas. Only the latest generation of very large bulldozers has the capability 

to rip the caprock at costs comparable with blasting. 

Noise levels from blasting will be similar to those from the existing operation. 

Alcoa's objective is that blasting noise at occupied dwellings surrounding the mine 

will not exceed 115 dB (linear) peak. Blast noise control has improved markedly 

since mining commenced at Willowdale as a result of concerted effort in the areas of 

blasting technology and noise prediction. In 1985/86, 25% of blasts exceeded 115 

dB. The proportion of blasts exceeding 115 dB each year in the period 1991-93 

ranged from none to 8.5%. The greater number of exceedances in 1993 compared 

with 1991 and 1992 is a consequence of mining the remaining ore around the Bancell 

crusher site, where the minimum distance to the nearest residence is one kilometre 

compared with four kilometres from the areas mined around the Arundel crusher site. 

None of the blasts exceeded the draft Australian Standard limit of 125 dB (linear) 

peak. 

Monitoring of the noise generated by blasting will continue. A remote acoustic 

monitoring system installed at specific residential sites in 1992 to provide immediate 
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data on blast noise will be maintained. The aim will continue to be that blasting noise 

on occupied properties surrounding the mine will not exceed 115 dB. Blasting will 

not take place when predicted noise levels from the Blast Acoustics Model and/or a 

pilot shot are above 115 dB. Any complaint about blasting noise will be investigated 

and feedback given to the affected person as is currently the case. 

By way of comparison with blasting, recent noise measurements made 200 m from a 

Komatsu 575 bulldozer operating at Jarrahdale were 57-59 dB(A) and 100-103 dB 

(linear) peak. At 400 m noise levels were 55-65 dB(A) and 90-97 dB (linear) peak, 

which at 800 m only background levels were recorded. The bulldozer is still 

undergoing evaluation and these measurements should be considered indicative only. 

On a day when background noise levels were about 49-50 dB(A), noise levels 

measured on a transect from the existing Willowdale crusher were in the range 

68-80 dB(A), with the higher values being recorded when trucks were dumping ore 

into the apron feeder. Peak (linear) measurements reached 94 dB. At 400 m the noise 

level was 57 dB(A) and at 800 m only background noise levels were recorded. The 

latter site was in a stream valley and it is reasonable to assume that measurements 

taken on an exposed hillslope at this distance would have been considerably higher. 

However, as the new crusher site at Willowdale North will be at least 5 km from the 

nearest habitation, noise from it is not expected to be a concern. 

Noise levels measured on a transect from the existing conveyor line were 51-59 

dB(A) and 88 dB(linear) peak at 200 m, 54-65 dB(A) and 86 dB(linear) peak at 400 m 

and background at 800 m. Most private properties in the vicinity of the conveyor are 

owned by Alcoa. No complaints about conveyor noise have been received from other 

property owners, the nearest occupied dwelling being about one kilometre from the 

conveyor. Noise from the conveyor should not be a concern provided any new 

dwellings are kept at an appropriate distance - depending on the intervening terrain 

and prior noise measurement. 

Truck and loader noise is not generally a concern for most neighbours. However, if it 

does become a concern the mining operations will be scheduled so that loading and 

trucking in noise sensitive areas is undertaken on day shifts only. 

Mining operations can create dust in localised areas around mine-pits, haul roads and 

crusher sites. The increased number of truck movements between the mine-pits and 

the crusher will be a potential source of additional dust, but this will continue to be 
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controlled by watering of haul roads and other conventional dust suppression method 

such as soil stabilisation around heavily trafficked areas. 

5.1.11 Waste Management 

At the Willowdale Mine administration, workshop and support facilities, wastewater 

and solid wastes are generated in the course of maintaining mining equipment and 

from staff amenities and facilities. 

Two liquid waste streams and a mixed solid waste stream originate at the mine. The 

two wastewater streams are sewage and oily wastewater. Sewage is treated in a 

package treatment plant comprising settling, screening and extended aeration unit 

processes. Effluent is regularly monitored to ensure compliance with bacteriological 

standards set by the Health Department. Secondary effluent is discharged into the 

inflow to the oily wastewater treatment plant, where it undergoes further treatment 

with the combined oily wastewater. 

The oily wastewater treatment plant comprises equalisation and free oil separation, oil 

skimming, and dissolved air flotation processes. The plant operates under a pollution 

control licence administered by the Water Authority. The treated effluent from the 

plant is discharged into a series of effluent holding ponds and in wet weather 

undergoes mixing with stormwater runoff prior to discharging to the environment. In 

dry weather, overflow from the final pond does not occur, the system operating as an 

evaporation basin. 

Discharged effluent is regularly tested under the terms of the licence, with reports 

presented annually to the Water Authority. During the period 1991 - 1993 all 

discharge samples met the conditions of the licence. No adverse impacts on the 

streamzone are apparent downstream of the point of discharge. 

Extension of the mining operations to Willowdale North will see a smaller 

maintenance facility being established than presently exists at the main facility. As a 

result the intention is to transport oily wastewater by road tanker to the main 

treatment plant. The small addition to throughput will easily be accommodated. 

Emphasis in the design and operational phases will be placed on minimising the 

generation of oily wastewater, and installing catch drains and internal drainage 

layouts aimed at preventing spilled oil from escaping interception and treatment. 

C:\DATA\WG94-620A 	 85. 



Sewage generated at the Willowdale North facility will be treated in a conventional 

septic tank/leach drain system, or alternatively a small package treatment plant, as 

deemed necessary by the Health Department or Water Authority (depending on 

exactly where the facility is located). 

General solid waste from the workshops and amenities areas will continue to be 

transported off site for disposal or recycling by contractors. Contractors dispose of 

general solid waste at regional landfill sites in the South West. Recycling of oils, 

solvents, paper and scrap metal will continue as at present. Used tyres will continue 

to be returned to the supplier. 

5.1.12 Blasting Safety and Access Control 

Bauxite mining is a surface-based operation employing blasting and excavation of the 

superficial bauxite deposit, loading into haul trucks, and transport to the mine crusher 

for size reduction, before transportation by conveyor to the Wagerup Refinery. Most 

mining activities are hazardous to some degree, but bauxite mining probably less so 

than most other forms. That is because the constant risks of underground subsidence 

and air ventilation disruption that exist for underground mining are absent; as are the 

risks of pit wall and haul road collapse inherent in deep open cut operations. 

Hazards to the community associated with bauxite mining primarily relate to blasting 

and mine traffic on haul roads within the active mine area. Management of the mine 

as a secure area not open to public entry largely denies the opportunity for exposure to 

these hazards. 

All forest tracks in the vicinity of the mine are blocked at the mine boundary with 

locked gates, particular areas of the mine are fenced, and there are no connections 

between mine haul roads and public roads. Unauthorised entry to the mine is possible 

but not without difficulty and effort. Frequent checks of security by Alcoa security 

and operational staff minimise the potential for an unauthorised entry to remain 

undetected. 

Public roads may need to be closed briefly on some occasions. However, the number 

of closures required will be minimised by ripping the caprock in areas close to well 

used public roads whenever it is practicable to do so. 
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The current procedures for blasting safety will be continued. Procedures which are 

documented and must be followed include: notifying employees, contractors, visitors, 

close neighbours and various external organisations of impending blasts; erecting 

roadblocks where necessary; clearing the blasting area of personnel; pre-blast warning 

signals; charging operations; inspecting the blast; dealing with misfires; guarding 

loaded and charged areas; new employee induction; magazine security; and complaint 

response procedures. 

A comprehensive communication system based on two-way radios, mine worker 

logbooks and maps, and call-in requirements for field workers is used to ensure 

nobody is in the vicinity of a blast site. The blasting foreman works in close contact 

with mine security officers to ensure all field workers near a blast site are cleared 

prior to firing. A warning is broadcast by loud speaker before each blast is initiated. 

Minor quantities of explosives, consisting of detonators, cord and similar small 

explosives, are stored in a magazine within the mine facilities area, and are secured by 

fencing and high security housing. The main charges used for blasting are delivered 

by truck from a blending plant operated at the Huntly facility (near Dwellingup) by 

ICI, and directly injected into prepared drill holes. The magazine is located 

approximately 15 in from forest to minimise fire risk. 

5.1.13 Research and Development 

A detailed description of the status of all current research projects is given in the 

Appendix volume of the 1991-93 Triennial Review of Environmental Research and 

Operations referred to in section 1.2. Much of the research is carried out in 

collaboration with other research institutions and some examples of recent 

collaborative research projects are presented in Table 5.4. 

Alcoa is committed to an ongoing research programme into all aspects of its 

operations which have the potential to adversely affect the environment, and into 

those environmental characteristics that could be adversely affected by its operations. 

Annual environmental research expenditure related to the mining operations is 

currently in the order of $1.8 million. Biological surveys, dieback mapping and 

associated environmental inputs to mine planning currently cost another $0.6 million 

annually. 
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Table 5.4: 	Examples of recent mining-related collaborative research 

projects. 

PROJECT TITLE COLLABORATING 
INSTITUTIONS 

Propagation of native heaths Kings Park & Botanic Garden 
Propagation of native rush and sedge species Kings Park & Botanic Garden 
Propagation of forest and heath understorey Curtin University of Technology 
species 
Germination of seed of the genus Lomandra University of Western Australia 
Effect of combustion products on seed Kings Park & Botanic Garden 
germination 
Soil microbial biomass - rehabilitation & residue University of Western Australia 
areas 
Soil microbiology for rehabilitation - VA University of Western Australia 
mycorrhiza 
Rhizobium inoculation of seed for residue University of Western Australia 
rehabilitation 
Lectureship & Research Fellowship in Forest Murdoch University 
Pathology 
Early infection process of P. cinnamomi Murdoch University 
Improvement of early seedling establishment Murdoch University 
Endogenous hormones in E. marginata cultures Murdoch University 
Molecular marker-aided selection ofjarrah Murdoch University 
Phytophthora biological control CSIRO 
Survival of Phytophthora in soil treated with CALM 
quaternary ammonium and substituted phenol 
compounds 
Degradation of quaternary ammonium and CSIRO 
substituted phenol disinfectants in mine soils 
The efficacy and mobility of copper sulphate used CSIRO 
as a fungicide on haul roads 
Phytophthora citricola biology study CALM 
Dieback resistant jarrah project Murdoch U./Edith Cowan U.!CALM 
Chuditch Recovery Plan CALM/Perth Zoo/WWF Australia 
Operation Foxglove CALM 
Semi-distributed large catchment modelling UWA!Water AuthorityfWEC* 
Fully-distributed small catchment modelling CSIRO! Water Authority! WEC* 

Note *: WEC is Water and Environmental Consultants 

C:\DATA\WG\94-620A 	 68. 



5.2 REFINERY 

5.2.1 Land CLearing 

Clearing and civil works for a four unit refinery was carried out during the original 

construction programme. At that stage it was thought each unit would be capable of 

producing 500,000 tonnes per year. Process design improvements have increased the 

production of each unit to 850,000 tonnes per year, and this will further increase to 

1.1 Mtpa at the enhancement stage of this expansion. Consequently there is no 

requirement for additional clearing associated with this expansion. All of the 

additional facilities required will be located on areas already cleared, alongside or in 

sequence with the corresponding existing facilities being replicated. The refinery site 

will thus assume a denser pattern of buildings and plant (refer Figure 4). 

5.2.2 Atmospheric Emissions 

The primary emissions to atmosphere from the refinery are particulates (dust), 

"greenhous&" gases (mainly carbon dioxide), nitrogen oxides (NOx), and sulphur 

dioxide (SO2) when operating on fuel oil. Natural gas is the primary fuel used in co-

generation of power and steam and in kiln and calciner applications. Consequently 

sulphur dioxide forms only a minor and occasional emission, associated with test 

burning of fuel oil. Some odours are generated due to the presence of organic 

material in the bauxite ore and its reaction with caustic soda in the digesters. 

Extraction of these organic impurities from the process liquor circuit can generate 

further odours. 

The discussion below quotes the results of monitoring during 1993 or the 1991-93 

triennium. Additional historic data for some parameters is given in earlier Triennial 

Reviews of Environmental Research and Operations referred to in section 1.5. 

Particulales 
Particulate matter (largely alumina) is emitted from point sources within the refinery, 

namely the three calciner stacks and the oxalate kiln. These point sources are 

regulated under the present pollution control licence at a limit of 250 mg/rn3. During 

1993 the mean monitored emissions were 15 - 39 mg/rn3  for the three calciners and 

90 mg/rn3  for the oxalate kiln. 

Control of particulates discharged from calciner stacks is by agency of multiclones 

(multiple small cyclones in parallel assemblages) and electrostatic precipitators 
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(ESPs). On-line automatic control using programmable logic control systems ensures 

applied voltage and current is optimised to maintain perfonnance of the ESPs. Alcoa 

has been at the forefront of developments in this area over the past few years, with a 

result that lower downtime of ESPs is being achieved. Monthly stack monitoring 

combined with process logs indicate a high rate of success in controlling emissions to 

well within the licensed limit. 

Particulates discharged from other point sources are minor in comparison. The 

oxalate destruction kiln stack is controlled by use of a wet scrubber, which removes 

both particulates and gases effectively. The visible plume from this stack is steam 

and water vapour resulting from the process as well as the scrubbing system. 

The expansion will ultimately include two additional calciners and increased 

throughput for the oxalate kiln. In addition a process liquor burning facility planned 

at the date of this review and required regardless of this expansion, will undergo an 

increase in production throughput. In all cases the emission of particulates from new 

or expanded process units will be at or below the currently achieved levels. The mass 

loading of particulates from these sources will increase, but will remain at levels 

which will not cause a significant increase in ambient dust levels outside the plantsite 

property boundaries. 

Fugitive dust sources at alumina conveyancing transfer points are controlled by a 

negative pressure system and extensive capture hoods and seals. The system utilises 

filter bags to capture dust collected. General fugitive dust resulting from ground 

spillages and the like is managed by attention to housekeeping and prompt clean up. 

In this way accumulations which may otherwise pose a significant dust source in 

strong winds are minimised. 

Bauxite dust can be generated by wind action upon the bauxite stockpiles and 

spillages at transfer points within the refinery bauxite transportation system. The 

magnitude of the emitted dust from such fugitive sources is variable and dependant on 

the frequency and intensity of strong drying winds, particularly the dominant summer 

easterlies. The moisture content of the bauxite generally limits the germination of 

fugitive bauxite dust, with a mean ambient dust concentration of 79 .tg/m3  recorded 

over 1993 in close proximity to the stockpiles within the property boundaries. 

Further afield, at the property boundary and beyond, the above-mentioned sources of 

dust are effectively merged and present as general suspended particulate matter. 
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Occasional elevated levels occur, but are generally indistinguishable from background 

dust levels resulting from agricultural and other land use activities in the district. For 

example the mean value of ambient dust recorded during 1993 (24 hour TSP) at the 

South-Western Highway monitor due west of the refinery was 43 .tg/m3, whilst that 

at the background monitor south east of the refinery was 46 1g/m3. 

Occasional complaints (two in the 1991-93 triennium and one in 1994) have been 

directed at dust emanating from alumina rail carriages en route to Bunbury. These 

have tended to be localised to communities located close to the railway, and in the 

main relate to the nuisance aspect of dust impacting on buildings, drying laundry, and 

outdoor activities. Alumina dust is not considered to have adverse health impacts at 

typical ambient levels. The dust results from imperfect cleaning down of the alumina 

wagons prior to train departures, and dust blowing off when the train reaches a critical 

speed. Modifications to improve wagon filling whilst preventing spillage from over-

filling are to be introduced at the train loading stations. This action will take place at 

the Pinjarra Refinery, which, whilst not the subject of this proposal, is the major 

contributor to dust incidents near the railway in the project area because of its older 

train loading facilities. 

Nitrogen Oxides (NOr) 
Combustion of natural gas at temperatures over 1300°C results in the formation of 

oxides of nitrogen (NO) by a process known as thermal NOx  formation. The 

principal gas present is nitric oxide which oxidises within the atmosphere to nitrogen 

dioxide. The latter is of more consequence from an environmental perspective, due to 

its property of acidity, causing a stinging odour at higher concentrations, and its 

potential to be a respiratory irritant, again at relatively high concentrations. The 

process of oxidation from nitric oxide to nitrogen dioxide takes place over a timescale 

of minutes to hours, and if present with typical urban levels of non-methane 

hydrocarbons and sunlight, can result in formation of photochemical smog. In rural 

locations, the large degree of dilution and absence of significant sources of non-

methane hydrocarbons and additional nitrogen oxides renders such an eventuality 

rare. Within Australia, photochemical smog episodes have been recorded in 

Melbourne, Perth and Sydney, but not in any rural or remote location. In the cities, 

motor vehicles usually give rise to about 60% of nitrogen oxides emissions with the 

remaining 40% emanating from power generation and industrial sources. 

Data collected in emissions monitoring of nitrogen oxides over 1993 at Wagerup 

indicates a mean range of 36 - 65 ppm for calciners, and 82 - 153 ppm for powerhouse 
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boiler emissions. The current Australian guideline for new stationary sources is 350 

mg/rn3  (NHMRC, 1985) which equates approximately to 170 ppm. The additional 

powerhouse boilers and calciners included in the expansion are expected to perform 

well below this guideline. 

Combustion of natural gas in conventional boilers produces less NOx  than either coal 

or oil combustion due to the absence of fuel-bound nitrogen. Natural gas is thus 

regarded as a 'clean' fuel from a NOx  perspective. Nevertheless, attention is being 

focussed on low NOx  technologies wherever they are available, in order to keep 

emissions at a very low level. At present considerable research effort is being 

directed worldwide at burner technology, fuel and air staging, and flue gas 

recirculation. As these systems and technologies are developed to commercial scales, 

Alcoa will adopt appropriate aspects for incorporation in new works specifications, 

and in significant maintenance overhauls and upgrades. Alcoa will specify low NOx  

burners for this expansion. 

Other combustion process (liquor burning and oxalate destruction) are either at lower 

temperature, or have relatively high water vapour concentrations. both of these 

conditions are unfavourable for NOx  formation, and as a result emissions are 

generally low. 

Sulphur Dioxide 

Sulphur is not present in natural gas, but comprises about 3.2% by weight of the fuel 

oil held at Wagerup to cope with emergency requirements should the natural gas 

supply line be interrupted. In more than ten years of operation there has been only 

two significant but partial gas outages, each of 40-50 hours duration. Consequently 

fuel oil is mainly used in test burns to confirm the operability of equipment. Test 

burns take place on one powerhouse boiler burner at a time. 

When test burning a single burner the total sulphur dioxide emission rate is 

approximately 20 g/sec. Burners are operated on fuel oil for only 5 to 10 minutes 

during each test, with bums scheduled every week to fortnight. These emission rates 

compare to typical coal-fired power station emissions of around 350 - 550 g/sec 

(SECWA Kwinana power station). The low frequency of test burning and low 

emission rate when burning is such that no significant effect is expected to accrue to 

ambient sulphur dioxide concentrations near the plant. 
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Odours 
Refining of bauxite ore by dissolution in caustic soda causes evolution of some 

odours due to the hydrolysis of organic matter within the ore matrix. Odours are 

caused by a number of different organic vapours, some at very low concentrations. 

The processing steps responsible for most odour generation are digestion, oxalate 

removal, and liquor burning. Measurement of odours and volatile organic compounds 

at Kwinana Refinery has indicated that volatile compounds are at very low levels, in 

many cases being close to the limit of detection. Consequently there is negligible risk 

of adverse human health impact. 

Nevertheless, odours are capable of causing offence to a proportion of the population, 

dependant on individual odour susceptibility and perception. A sampling of 

workforce attitudes to these odours, generally considered to represent a microcosm of 

community views, shows a spectrum from those who feel neutral to those who find 

the odours offensive. Of course any odours which exist are most evident at the 

plantsite. The only public complaint relating to plant odour at Wagerup in recent 

years proved to be. unsubstantiated, the source of the odour being the timber mill at 

Yarloop. 

Management of odours within an alumina refinery has traditionally been by 

separation of the refinery from areas of residential settlement and this buffer zone 

approach has generally proven successful at Alcoa's refineries in W.A.. Other 

avenues for controlling the typical odour of alumina refining relate to management of 

organic impurities in the bauxite ore, and to attention to the key factors within the 

process which give rise to odour. 

Bauxite organic impurity levels are managed by a programme of selecting and 

blending ore to achieve a constant and desirable level. In this way the effect of 

sudden changes, which make control of odours generated within the process more 

difficult, is avoided. 

Alcoa is actively examining odour management issues and options across it's 

refineries. A programme of identifying odours and their sources, quantifying by 

sampling and dynamic olfactometry, and evaluating relative priority for further 

investigation has been followed. Active measures are being taken to improve process 

design to minimise the generation of odours, paying attention to such factors as 

residence time in the odour producing state (usually defined by temperature band), 

management of organics in the ore and liquor streams, and maintenance of kiln 

C:\DATA\WG94-620A 	 93. 

0 



processes (oxalate destruction and liquor burning) at optimum conditions for odour 

destruction. The issue is a complex and dynamic one, and it is expected that a 

characteristic odour will continue to be associated with alumina refining irrespective 

of gains in reducing overall levels and individual sources. 

5.2.3 Energy Efficiency and Greenhouse Gas Emissions 

Enhanced Greenhouse Effect 

There is a wide body of scientific opinion that increasing atmospheric concentrations 

of "greenhouse" gases (mainly carbon dioxide, methane, nitrous oxide and 

chlorofluorocarbons (CFCs)), caused by a variety of human activities, will affect the 

global climate. A minority but equally expert body of opinion regards this assertion 

as conjectural at best. Despite the ongoing scientific debate, many countries including 

Australia have signed a Framework Convention on Climate Change which obliges 

them to take practicable steps to contain greenhouse gas emissions. The potential 

consequences of significant changes in the global climate were seen by these 

countries as being too great for action to be deferred pending resolution of the 

scientific uncertainties involved. 

It is important to note that any changes to the global climate that may occur will be a 

consequence of human activities around the world. Australia's contribution to 

worldwide emissions of the greenhouse gases carbon dioxide and methane, was 

estimated at about 1.4% in 1987 (Industry Commission 1991). Western Australia 

contributed approximately 11% of the national carbon dioxide emission, or about 

0.15% of the global total. These figures will almost certainly decrease substantially in 

future years as standards of living in the developing countries increase. Projected 

increases in the levels of industrialisation in heavily populated countries such as India 

and China, based mainly on coal-fired power generation, are likely to make 

Australia's greenhouse gas emissions appear almost inconsequential. Nonetheless, as 

a comparatively wealthy nation with a high rate of carbon dioxide emissions per 

capita, Australia might be seen as having a moral as well as legal obligation to 

undertake reasonable, cost-effective measures to contain its greenhouse gas emissions. 

Energy Efficiency 

The Council of Australian Governments endorsed a National Greenhouse Response 

Strategy in December 1992. The strategy advocates a phased plan of action towards 

limiting greenhouse gas emissions, conserving greenhouse gas sinks and preparing for 

the potential impacts of climate change. Among the priorities identified in the 
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strategy were economically efficient measures to address greenhouse gas emissions in 

the production and use of energy. 

The major greenhouse gas emitted at Wagerup is carbon dioxide, as a combustion by-

product of natural gas consumed in co-generation of power and steam and primary 

heating for the calciners and oxalate kiln. The Wagerup Refinery presently represents 

the most thermally efficient of all Alcoa's refineries, with a net energy efficiency of 

approximately 78%. Continual improvement in energy utilisation has resulted in a 

gradual improvement in energy efficiency being realised. 

There was a downward trend in energy consumption rates at Wagerup of about 7% 

from 1990 to 1993, with the exception of an aberration in 1992, when the refinery 

process was modified to reduce caustic soda consumption by using a dual evaporation 

circuit to maximise reuse of dilute caustic liquor. Completion of plant enhancements 

presently underway or planned at Wagerup are expected to produce a minor arresting 

of the trend before it resumes toward the end of the year. The base index for current 

energy consumption shown in Table 3.3 includes the effect of process liquor burning, 

which will be in operation from about the middle of 1996. Introduction of liquor 

burning is essential to control the build up of organic impurities in the plant liquor 

circuit. These impurities suppress the yield of alumina from the liquor, leading to 

progressively increased energy and raw materials consumption per tonne of alumina 

produced. 

Worldwide energy performance for alumina refining ranges from 9.2 - 18.1 GJ/t 

(UNIDO, 1994). Factors such as the grade of bauxite ore being processed are 

important determinants of energy consumption. Although the grade of bauxite 

supplied to Wagerup is low by world standards, the refinery is already well within the 

bottom quartile of the energy consumption range. 

Continuous regenerative digesters and evaporators are employed to preheat liquor for 

digestion and evaporation, utilising heat recovered from the same unit process (hence 

regenerative). Likewise, furnace and calciner flue gas heat is used to preheat either 

combustion air or hydrate, enabling partial recovery of the waste heat carried out of 

stacks. 

Management of steam, compressed air and condensate is a complex interactive 

process where endeavours are made to supply the demand of refinery processes whilst 

minimising the requirement for steam dumps. Three steam circuits are used. High 
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pressure steam is used within the powerhouse predominantly for electricity and 

compressed air generation. Medium pressure steam exhausted from turbo alternators 

and compressors is used for process heating and air compression. Low pressure steam 

is also used for process heating. Pressure reduction valves can be used to alter the 

balance between the three steam grades, whilst steam dumps can be used to release an 

excess of any one form. Steam dumps represent energy losses, so they are not 

favoured as a technique for achieving balance. 

Management of condensate can affect energy performance too, as 'blowdown" 

necessary from time to time to maintain dissolved solutes at a tolerable level 

represents another form of energy loss (as heated water bled from the boilers). Thus 

management of condensate impurity level is an important indirect factor in 

minimising energy losses from blowdown. Condensate impurity level is managed 

and controlled by classif'ing condensate according to its electrical conductivity (an 

indirect measure of its purity). Three different classes of condensate are directed to 

different purposes, with only the highest quality being used as boiler feed. 

Performance after the Unit III expansion is projected to improve very slightly, then 

improve significantly by around 10% on completion of the enhancement stage. As 

the expansion occurs, the range and scale of energy recovery and loss minimisation 

measures practically achievable will tend to increase. This is partly due to the 

economies of scale mentioned above, and partly due to technology improvement and 

development which continue to enable better energy performance through design 

changes. Alcoa will remain alert to all opportunities to adopt new technology, 

devices and systems to maintain the best energy performance practically achievable. 

It is important to note however that energy efficiency has always received attention 

because energy is a major component of production costs. By way of example, the 

average energy consumption per tonne of alumina produced across Alcoa's W.A. 

bauxite-alumina system declined by about 12% between 1978 and 1987, well before 

the advent of any real concern about the enhanced greenhouse effect. 

An allied benefit which may be realised from the improvement of refinery energy 

efficiency and the design of the additions to the power station is the ability to supply 

surplus electrical energy to the state grid. This will offset energy normally generated 

at SECWA's coal fired power stations at a significantly lower overall efficiency 

compared to the co-generation power station at the refinery. 
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Carbon Dioxide Emissions and Sinks 

Carbon dioxide output from fossil fuel burning diminishes as the proportion of 

hydrogen to carbon present in the hydrocarbon molecule increases. For this reason 

natural gas, which is predominantly methane, is the lowest emitter per unit energy 

output of all the fossil fuels. Only pure hydrogen has a lower output (effectively 

zero). Natural gas has a carbon dioxide emission factor approximately 50% that of 

black coal and 67% that of fuel oil. Currently, W.A. natural gas as received at 

Wagerup (stripped form) has an effective carbon dioxide emission factor of 50.84 

gIMJ gross energy value (SEC WA Gas Laboratory). 

Expansion at Wagerup to 3.3 Mtpa will require an additional 12.8 petajoules per year 

of natural gas, which equates to an additional emission of 650,000 tonnes of carbon 

dioxide per year. This represents an increase of 69% over the current annual output 

from Wagerup, or an increase of 0.2 % on the 1990 national total (Dept. Environment, 

Sport and Territories 1994). From a global perspective, the combination of high 

energy efficiency and the low carbon dioxide emission factor applying to natural gas 

(most other plants consume coal or fuel oil) mean that on a per tonne alumina basis, 

Wagerup's emissions are among the very lowest in the world. 

Revegetation programmes lead to the storage of carbon dioxide in the standing 

biomass. Alcoa continues to be a major supporter of such programmes through its 

Landcare Project including sponsorship of Greening Australia (WA). Further details 

of these activities are given in the 1989 CER and 1991-93 Triennial Review. To date, 

Alcoa's regional tree planting, Greening Australia and other Landcare Project 

activities have resulted in 4 million tree seedlings being planted, 1,400 kg of seed 

being provided for salt land reclamation and salinization control projects, 118 ha of 

remnant bushland on farms being fenced and 7,150 ha of farmland being treated as 

part of a demonstration project on sustainable agriculture in the W.A. Wheatbelt. In 

addition 1,700 ha of Tasmanian blue gum (Eucalyptus globulus) plantations have 

been established at the Pinjarra Refinery. 

Other Greenhouse Gas Emissions 

Other greenhouse gas emissions from refining are methane (leakage from natural gas 

supply lines and unburnt fuel) and minor and diminishing quantities of CFC leakage 

from refrigeration, foam insulation and general solvent applications. These sources 

are believed to be relatively insignificant in comparison to carbon dioxide from gas 

combustion. 
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Releases of methane are managed by two means. Firstly the continual optimisation of 

combustion processes to ensure high combustion efficiency ensures that emissions of 

unburnt natural gas are minimised. Combustion analysers are deployed on boilers to 

maintain excess air, carbon dioxide and unburnt fuel proportions at optimal levels. 

Secondly, natural gas supply and distribution mains are condition-monitored to keep 

leakage to a low level. 

The use of ozone depleting substances as refrigerants, in fire extinguishers, in foam 

insulation and in solvent applications is being discontinued with a staged phase-out 

programme. The phase-out schedule is broadly in line with requirements of 

Commonwealth legislation and the W.A. Environmental Protection (Ozone 

Protection) Policy, with more rapid action in certain areas. In the area of solvent 

applications Alcoa has actively sponsored research into the use of cineole, a eucalypt 

derived solvent which may have application for electronic cleaning. In other areas 

Alcoa is urging manufacturers and suppliers to act promptly to develop substitute 

products and services. By substituting materials of lower greenhouse warming 

potential for ozone depleting substances, the small fugitive source of greenhouse gas 

emissions represented by this group will be progressively eliminated. 

5.2.4 Stormwater and Wastewater Management 

The local drainage system comprises natural streams and agricultural drains in the 

farmland buffer zone. These streams and drains join within the property and exit via 

the South Samson Drain at the western extremity of Alcoa property (Cooyah). A 

continuous monitoring station is maintained at this point, with flow, conductivity and 

pH being recorded on an hourly basis. In addition a monthly grab sampling 

programme at 12 surface water monitoring points around the refinery and residue 

areas is maintained. Samples from these stations are analysed for a fuller range of 

physical and chemical parameters. Results from the continuous and grab-sampled 

stations indicate that no significant changes have occurred within the local surface 

water environment over the past five years, since the Unit II expansion. A 

comparison of key parameters from 1989 to the present appears in Table 5.5. 
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Table 5.5: 	Comparison of Stream Water Quality Parameters 1989 - 1994 

Station and Parameter 1989- 
1994 
Mean 
Value 

1989-1994 
Range 

1993- 
1994 
Mean 

1993-1994 
Range 

Value  

Comments 

Cooyah (South Samson Main exit point 

Drain):- from Alcoa property 

pH 7.3 6.3 - 8.2 7.3 6.5 - 8.2 Based on monthly 
grab results 

Conductivity (mS/rn) 42.4 24.6-75.8 43.1 20.0-75.0 

Total Alkalinity (ppm) 30.8 13.5 - 73.6 27.9 17.3 - 50.0 

Kubank 	Road 	(South Entry point to 

Samson Drain):- Alcoa property 

pH 7.0 7.0 

Conductivity 30.8 31.9 
Total Alkalinity 27.1 26.6 

North Yalup Brook.'- Entry 	point 	to 	Alcoa 

pH 7.1 7.1 property 

Conductivity 29.0 29.9 
Total Alkalinity 16.3  15.0  

The limited water quality data available at the time of the 1978 ERMP suggest there 

have not been significant changes in conductivity or pH at the three stations above, 

with mean values being very similar. At all of the monitoring stations (refer Figure 

15), water quality lies well within the ranges considered suitable for beneficial uses of 

agricultural water use and protection of aquatic ecosystems. These are the two likely 

uses of Samson South Drain downstream of Alcoa's property boundary. 

In particular streams and drains, short-term variability has been noted. This is 

believed to be linked to natural seasonal variation and the tendency over the past two 

decades for the South West of W.A. to be drier than the long-term climatic averages. 

As a result the summer to autumn dry period has been longer and more pronounced 

than was the case previously. Base flow in drains and streams is therefore dominated 

by groundwater inflow and irrigation discharges, both of which are known to exhibit 

higher conductivity than the Darling Range streams which dominate these 

watercourse flows during winter and spring. Such causes are believed to be 

responsible for a slight increase in conductivity over the past two to three years in the 

South Samson Diversion Drain, upstream of Alcoa property. 
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The objective of wastewater and stormwater management at the refinery is to 

maintain their containment within storage and conveyance systems. The wet areas of 

the refinery (i.e. where process liquor or caustic is stored, used or processed) are all 

constructed on concrete sealed bases. Items of plant or equipment where there is a 

high risk or likelihood of spillage are bunded to provide secondary containment of 

spillages. This also extends to storages of fuel oil, distillate and other fuels. 

Stormwater runoff from sealed or bunded areas is controlled and directed to the storm 

surge pond, and at periodic intervals is pumped to the residue storage area. Areas of 

plant and pipe racks which generally have a lower risk of uncontrolled release are not 

sealed, but are managed in accordance with sound maintenance procedures. 

Collection and storage systems are designed for a storm event with a probability of 

recurrence of once in 100 years. 

Two water circuits handle process water of low and moderate alkalinity respectively. 

Lake water, pumped to the residue area as slurry with mud and sand, is of generally 

moderate alkalinity (up to 25 gIl). It is drained and decanted from residue drying beds 

and returned to the refinery for use in a variety of mud and sand washing and general 

purposes. Cooling water is used to provide necessary cooling of process liquor for 

precipitation and in the final cooling stage associated with evaporative concentration 

of spent liquor. It is of generally lower alkalinity than lake water, not having come 

into direct contact with process liquor or slurry. Cooling water is reused for cooling. 

A sophisticated condition monitoring system has been developed to ensure regular 

inspection, testing, planned replacement and maintenance of vessels, pipework and 

fittings. Higher failure frequency items are identified and given priority in this 

approach. The goal of the condition monitoring system is to prevent failures by 

acting in advance of major deterioration. Under the condition monitoring schedule 

the following activities are carried out: 

inspections of tanks and vessels for visible leaks 

pressure testing of tanks and vessels when new or recently overhauled 

ultrasonic thickness testing of pipes and tanks on a schedule varying 

according to known or inferred wear rates 

thermographic surveys (infra-red sensing) on vessels and tanks for scale 

accumulation monitoring 
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X ray monitoring of suspected cracks or flaws in welds and other specific 

locations. 

The Release Prevention, Control and Countermeasures (RPCC) Plan outlined in 

section 5.2.11 is followed in the event that an uncontrolled release does occur. 

Prompt action to control the release is taken immediately, followed by clean up of 

spillage, transport to the residue area, and remedial treatment as directed by the 

responsible personnel. Procedures to follow in the event of most foreseeable 

emergencies are established in the plan. 

Spillages are regarded as environmental incidents, and data is kept on their incidence, 

circumstances, causes, follow up action and frequency. Where a pattern of repeated 

events emerges, the statistical information is used to guide consideration of 

preventative action, which may take the form of equipment redesign or modification, 

or procedural or behavioural change on the part of operating personnel. The latter are 

effected by education and demonstration of correct or modified procedures. 

5.2.5 Groundwater Protection 

The protection of groundwater resources is an important objective of the 

environmental management programme at Wagerup. The refinery is located over the 

Yoganup Formation, a sandy deposit located at the foot of the Darling Scarp. The 

residue area is located on the Guildford Formation, sandy duplex soils lying over 

clays at shallow depths. Consequently a different strategy is required at each area. 

Residue Area groundwater protection is addressed in 5.3.2. 

Refinery groundwater protection strategies have been developed on the basis of the 

moderate to high permeability of the Yoganup Formation soils, and the need to deny 

opportunity for contamination as much as possible. The main elements in the strategy 

are the operation of a closed loop water circuit and the sealing of all process areas, as 

described in the previous section. 

To monitor the effectiveness of the above measures a bore monitoring programme is 

maintained, with some 28 monitor bores now being established in the immediate 

vicinity of the plant. Refer to Figure 15 for details of monitor bore locations. Regular 

monitoring is carried out to ensure early detection of any trends. A consultant has 

been commissioned to assess the available data following a recent expansion of the 

bore monitoring network. 
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Spills and emergency releases are attended to promptly in keeping with the RPCC 

Plan. Any surface soil which has become highly contaminated due to a spill is 

excavated and removed to the residue area. In this way continued leaching of 

contaminants (caustic soda, sodium aluminate) from the soil to groundwater aquifers 

is minimised. The majority of spills relate to caustic soda or process liquor. This 

material represents a resource for which recovery has economic as well as 

environmental benefits. Hydrocarbon spillage (fuel oil, diesel or petrol) is treated in a 

similar way. 

A proactive programme of removing all underground storage tanks is presently 

underway across all Alcoa's W.A. operations, with Wagerup planned for attention this 

year and completion by 1996. The programme has adopted a priority rating for 

removal based on evidence of possible leaks, age of tanks, hydrogeological conditions 

and testing of tanks and surrounds by vapour 'sniffers'. On most of these criteria, 

Wagerup tanks scored a low risk rating except for an old tank on the farmlands which 

has already been removed. 

To date no action to limit or recover contaminated groundwater has proven necessary. 

Should this situation change in the future, the use of contaminated groundwater 

interception and recovery as practised at Kwinana Refinery would be employed. The 

company has now developed recognised expertise in the design and operation of these 

systems. The preferred situation is of course to prevent any action becoming 

necessary by close attention to prevention of spills and accidental releases. 

5.2.6 Water Use 

Expansion to 3.3 Mtpa will necessitate the periodic extraction of an additional 1100 

Ml/year of water to top up the combined refinery and mine water storage. The 

additional water will be sourced from the South Samson Drain by diversion during 

winter flow conditions. The South Samson Drain receives water from Darling Range 

streams, mainly Samson Brook, and from drained farmland catchments upstream of 

the refinery. Its flow is adjustable by Water Authority management practices, 

whereby additional stream waters can be diverted into or away from the drain at the 

confluence of Samson Brook (including McKnoe Brook flow) and Drakes Brook 

These streams can also be directed into the Drakes Brook, Waroona, and Samson 

Main (North) Drains. 
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Mean June to September flow data are available at two stations located on the South 

Samson Drain in the vicinity of the refinery. The additional abstraction amount 

required is equivalent to 8.1% of the average June - September flow for the period 

1983 - 1993 over the two stations, leaving 91.9% available to maintain downstream 

base flow in the drain. The Samson South Drain joins with the Samson Main Drain 

some 200 m downstream of Alcoa property. This is turn joins with the Harvey River 

Main Drain some 2.3 km further on. Thus reduced base flow is only of potential 

significance for the first 200 m noted. No appreciable environmental impacts are 

expected due to this level of reduction in base flow. 

On a regional scale the annual rate of abstraction is equivalent to some 0.7% of the 

Harvey River flow into the Harvey Estuary in an average year, or some 1.5% of the 

flow for the driest year over the period 1982 - 1993. This is not considered likely to 

have any significant effect on the flushing of or nutrient loading to Harvey Estuary, 

due to the very small decrement to total water flow, a pro-rata reduction in nutrient 

loads due to abstracted drain flow, and the increased estuary - ocean exchange 

predicted to occur due to the Dawesville Cut. The effects of the Cut are likely to alter 

substantially the regime of salinity in the lower portion of Harvey Estuary, and this 

will mask any minor changes due to annual variability in the freshwater inputs to the 

estuary. 
In the longer tenn, make-up water requirements will decline as more runoff is 

collected from both operating and completed residue storage areas. Eventually it may 

become necessary to treat and discharge surplus water (refer 5.3.3). 

5.2.7 Waste Management 

The predominant form of solid waste generated from alumina refining is bauxite 

residue. This is such a significant material, both in quantity and composition, that it is 

dealt with in its own right in section 5.3. Apart from residue, there are a number of 

other solid and liquid wastes generated in the refinery. 

Oxalate Waste 
Sodium oxalate is a waste product derived from extraction of organic impurities in the 

liquor stream. A liquor side stream is passed through the oxalate removal plant and 

the resulting solid oxalate filter cake is burnt in a rotary kiln. Organics are burnt out 

and the ash containing sodium carbonate is then regenerated as caustic soda. Under 

normal operating conditions the kiln is able to destroy all oxalate removed. However 

during oxalate kiln outages, a requirement to dispose of sodium oxalate arises. 
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The oxalate so arising is disposed of within the residue disposal areas, in a separately 

contained area. By keeping the oxalate within the sealed and underdrained confines 

of the residue disposal areas, the opportunity to leach out in surface or ground water is 

denied. In other respects the oxalate waste is managed as for bauxite residue. 

Asbestos and Refractory Ceramic Fibres 

Asbestos is not used in any new applications within the refinery. However there are 

minor amounts of older asbestos used in specific situations, which when removed, 

require specialised management and disposal. This is achieved by dispatching to the 

Kwinana or Pinjarra Refineries, where Health Department licensed sites meeting all 

criteria for asbestos disposal are maintained. No incremental effects associated with 

this proposal are expected. 

Refractory ceramic fibre (also known as synthetic mineral fibre) is removed from 

calciners and kilns undergoing removal or maintenance. This material does not have 

the hazardous status of asbestos, but is considered a potential health risk. 

Consequently it is handled in a very similar manner to asbestos and disposed of in 

sealed packaging in a dedicated disposal area within the plantsite. 

Waste Acid and Scale 

Sulphuric acid is used to descale precipitator vessels and pipework. A quantity of 

waste acid comprised of spent acid, dissolved salts, and unused acid (since it is 

necessary to add an excess to descale effectively) is thereby generated. At present this 

material is disposed of by incorporation with residue slurry prior to pumping to the 

residue areas. The acid is effectively neutralised by the far greater quantity of alkali 

present. 

Scale dislodged by high pressure water jets, mechanical means or other techniques is 

also disposed of within a separate area within the residue areas. This material poses 

little risk to the external environment, since it is effectively immobilised within the 

mass of drying residue. 

General Plant Solid Waste - Inert 

A range of scrap and recyclable materials are generated in maintenance and workshop 

activities. These materials are collected and recycled wherever possible. A waste 

minimisation programme is steadily improving the recycling rate for such materials, 

and making inroads into the generation of some. A proportion of this inert waste does 

require disposal however, and a landfill site is operated within the refinery for its 

managed disposal. Limited and controlled access to the site acts to check the 

C:\DATA\WG\94-620A 	 - 	 105. 



indiscriminate disposal of materials suited to recycling, or alternatively material 

which requires handling as a hazardous or special waste. 

Garden and vegetative waste is stockpiled along with wood packaging waste in the 

on-site landfill. At periodic intervals this waste is burnt in a controlled manner as part 

of fire crew training. The potential for chipping wood packaging is being 

investigated. 

General Plant Solid Waste - Putrescible 

Organic and general waste arising from crib rooms, offices and the cafeteria is 

collected and disposed of by a waste disposal contractor at local authority waste 

disposal sites in the region. 

Sewage 
Sanitary sewage collected at the refinery is treated within a facultative lagoon system 

comprising two lagoons in series with another two in parallel on standby. The 

incoming flow is periodically diverted to alternate side streams, thereby maintaining 

optimum performance. The final effluent is discharged via the refinery storm sewer 

system to the cooling lake. No treated sewage effluent is discharged to the external 

drainage system. The original sewerage treatment system was designed for the 

ultimate projected capacity of the refinery and hence no incremental expansion or 

impact is expected. 

Hazardous Wastes 
Minor amounts of hazardous wastes are generated from workshop and laboratory 

activities. All such wastes are handled by specialist waste disposal contractors and 

are trucked to disposal sites within the Perth metropolitan area nominated by the 

Health Department. Such wastes include laboratory and workshop solvents and out of 

date reagents. Some older fluorescent light fittings contain minor amounts of PCBs 

and these are stored on site pending the available of a suitable treatment facility in 

Western Australia. 

Waste Minimisation 

The management of solid waste generated at Wagerup will continue to follow current 

practices as described above. Following expansion, greater absolute quantities will 

arise, although waste generation rates are expected to continuously decline. This is 

for two reasons. Firstly, the economies of scale associated with the expansion will 

mean that the general increase in solid waste will not be as great as the percentage 

increase in production. Secondly and more significantly, Wagerup Refinery is in the 
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early stages of a waste minimisation programme, which when fully developed, will 

result in a greater proportion of residual materials being recycled, reused for another 

purpose or not generated at all. 

The means of achieving these reductions in waste generation will include procedural 

and behavioural change through workforce education and motivation, equipment 

redesign and process alteration where appropriate, use of cleaner technologies as they 

develop and investigation of particular waste streams or materials. A waste 

minimisation team was established at Wagerup in 1993, and to date has developed a 

prioritised list of materials and activities for attention. Simpler items not involving 

significant capital expense have already been implemented, and will be progressively 

expanded. A measurement system for quantifying waste streams by weight and 

volume is currently being introduced. The next step is to use the collected data to 

select high volume or value waste streams for reduction or recycling and develop 

practical means of achieving this. 

Sodium oxalate waste is an example of a waste material which can be significantly 

reduced by a combination of approaches. At present most oxalate waste is destroyed 

in the oxalate kiln, consuming energy and generating atmospheric emissions. Kiln 

outages or downtime result in a quantity of oxalate which must be disposed of in 

residue drying areas. A programme of research and development has identified an 

alternative route to the destruction of sodium oxalate, by bacterial means, resulting in 

conversion to carbonate which can be utilised in the process. This alternative does 

not involve consumption of lime, combustion of fuel or emission of atmospheric 

wastes. Pending further evaluation, this alternative will be piloted at one of Alcoa's 

W.A. refineries with a view to complementing the existing oxalate destruction kilns. 

5.2.8 Hazard Management 

An alumina refinery is a potentially hazardous environment for those who work there. 

Large volumes of caustic soda and hot process liquor are present and there are many 

points of potential impact. Alcoa maintains a very thorough and comprehensive 

safety programme to guard against accidental contact with process chemicals and 

other workplace safety hazards. As a result the safety record of the three Alcoa 

refineries is very good when compared with industry averages. 

Design aspects of hazard management include a security system developed to exercise 

strict control over entry to the refinery and residue areas, design of storage and 
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transfer facilities for caustic soda, quicklime, acids, petroleum fuels and other 

hazardous materials to conform to the Dangerous Goods Regulations (Explosives and 

Dangerous Goods Act) and the Hazardous and Toxic Substances Regulations (Health 

Act), use of redundant containment systems in particular locations to ensure isolation 

and containment of spilled material, and a process of continuous improvement of 

safety design aspects gained in regular safety reviews and analysis of incidents. In 

some cases Alcoa has adopted more stringent measures than those required under 

regulations in order to give a higher degree of hazard control and management. The 

removal of underground storage tanks mentioned in section 5.2.5 is an example of 

this. 

Off site hazards are much reduced in comparison to those on site. In the main they 

relate to the opportunity for accidental release of a hazardous substance during 

transportation, and contact with the public during such a release. To date there have 

been no serious accidental releases of hazardous cargoes during transit to Wagerup. 

Caustic soda and petroleum products are transported mainly by rail, which is 

recognised as having a higher margin of safety than road transportation. Lime, acids, 

flocculants and other smaller volume materials that have some associated hazard are 

transported by road from Bunbury, Kwinana or elsewhere in the metropolitan area, 

with all such movements in accordance with relevant provisions of the Dangerous 

Goods (Transportation) Regulations. 

Alcoa personnel are active in site Fire Crews, and in volunteer emergency 

organisations able to respond quickly should there be a rail or roadside spillage. 

Company personnel also participate in training of Westrail employees on hazard and 

emergency response procedures particular to the alumina industry. 

Alcoa actively cooperates with SECWA personnel on issues relating to gas supply 

safety and hazards. Regulations and codes of practice established by the Australian 

Gas Association are followed. These are of particular relevance to boiler, calciner and 

kiln operating procedures, where risk of explosion is managed by careful adherence to 

start up and shut down purging of vessel or furnace contents before activating ignition 

systems or electric control systems. 

A quantitative risk assessment has not been performed for the proposed expansion. 

However, useful conclusions can be drawn from comparison of the Wagerup Refinery 

with the situation at Kwinana, where an alumina refinery coexists with a number of 

significant risk generating industries. 
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in the Kwinana Cumulative Risk Analysis (Technica 1987), individual fatality risk 

contours were computed for all current and then proposed industries, including the 

Kwinana Alumina Refinery. It is instructive that, despite the cumulative effect of all 

industries then at Kwinana, combined with proposed chlorine and ammonia 

manufacturing plants (and associated transportation), the 'acceptable' individual 

fatality risk level for residential areas was not exceeded at Wattleup, located 

approximately two kilometres directly downwind of the alumina refinery. 

At Wagerup Refinery, the nearest residential zone is the township of Yarloop, located 

a similar distance from the refinery as Wattleup is to Kwinana, but on a much less 

frequently exposed wind direction sector. The alumina refinery is the only significant 

industrial plant near Yarloop, and as implicitly recognised by Technica, alumina 

refineries are inherently less hazardous than the range of other significant industries 

existing or proposed at Kwinana. It is thus very unlikely that the risk profile of the 

Wagerup Refinery, currently or after expansion, would approach anywhere near the 

cumulative risk levels of all industries at Kwinana. 

Based on the analogy analysed above, Alcoa believes that off-site risk levels in 

residential areas near the Wagerup Refinery will be well within the current residential 

criterion of 10-6  per year established by the Environmental Protection Authority 

(EPA 1992). 

5.2.9 Noise Control 

Emissions of noise are limited by specifying minimum performance standards for new 

equipment, coupled with enclosure or other noise shielding in situations where high 

continuous noise output is likely. Stringent workplace noise standards declared under 

the Occupational Safety Health and Welfare Act limit the noise dosage acceptable 

within the workplace. Beyond this, Alcoa has an internal standard for managing the 

noise dose and peak level of noise likely to be experienced by any employee. When 

these factors are coupled with the substantial buffer distance available around the 

refinery and residue areas, perimeter noise levels are generally maintained well within 

environmentally acceptable levels. 

Noise monitoring at points on the property boundary and beyond is performed in 

response to any increase in general noise levels noted by employee or external 

complaints. A practice of promptly responding to any community complaints relating 
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to noise is followed and used to flag potential noise problems relating to specific plant 

or equipment. 

Noise levels were monitored at two points on Boundary Road on the northern 

perimeter of Yarloop on 28/6/93 in response to a complaint. Noise levels were 38 and 

42 dB(A) respectively. The background noise level recorded west of the residue 

storage area was in this same range. Although all regulations were complied with in 

relation to noise levels, there was a low frequency component noted. Tonal elements 

of noise can produce some annoyance even where absolute levels are below 

guidelines. Investigations have been initiated into means of lowering the tonal noise 

output for the source concerned, which was identified as the blower in the calcination 

building. 

Noise complaints from the public are now infrequent, indicating the overall success of 

the management strategies adopted. For example, nine complaints about noise were 

recorded in the 1984-86 triennium, and only one in the 1991-93 triennium. 

The expansion here proposed will not result in the encroachment of facilities on 

residential areas at Yarloop or Hamel/Waroona, and no significant increase in general 

levels of noise from the refinery is expected in these localities. 

5.2.10 Visual Aesthetics 

Additional process modules to be constructed as part of this expansion will be 

alongside and to the same height and scale as corresponding existing modules. 

Consequently there should not be a significant change to the skyline as seen at the few 

vantage points on the South-Western Highway from where glimpses can be caught of 

process plant. There will be an additional stack at the power station and at 

calcination. These will be visible , but as separated and isolated elements, should not 

represent major focal points in views. Visual aesthetics played a significant part in 

the final selection of the refinery site (refer section 6.3.12 of 1978 ERMP). 

5.2.11 Environmental Management Plan 

Over recent years there has been a gradual shift in emphasis of refinery environmental 

management from controlling emissions and their impacts by containment and 

pollution control technology; to minimising or preventing pollution by concentrating 

on opportunities to reduce the pollution generating component of the production 
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process itself. At present both approaches are used, there being a continuum between 

them. 

Wagerup Refinery has developed a comprehensive Environmental Management Plan 

to guide its environmental management activities. The plan sets out the operating and 

environmental background as a baseline from which performance can be measured; 

details the environmental management structure, roles and responsibilities of 

personnel; describes monitoring, control, and management processes employed in 

each operating centre; establishes requirements for internal and external reporting of 

environmental performance; and references all applicable regulations, licences, 

permits and additional documents used in managing the refinery environment. 

In addition to the Environmental Management Plan, a range of supporting documents, 

systems and programmes contribute to the organised management of environmental 

performance at Wagerup. They include the environmental management systems 

outlined below. These systems also facilitate the continual improvement of key 

elements of environmental performance. Further information is given in the 

Appendix volumes of the 1991-93 Triennial Review of Environmental Research and 

Operations. 

Environmental Audits - a systematic corporate audit by the Aluminum 

Company of America's international audit team is held every three years, with 

an intervening internal audit occurring between. The latter is conducted by an 

Alcoa (W.A. Operations) audit team, not including personnel from the 

location being audited. Audits of specific components of the operations, and 

specific tasks and jobs, are conducted by site personnel as required. 

Environmental Incident Reporting System - a computerised incident reporting 

database, enabling managed investigation of environmental incidents, and 

production of statistics on these, as an aid in formulating remedial measures 

and in planning to prevent repetitions. 

Environmental Information Systems - a group of databases and electronic 

reporting systems enabling secure storage of environmental monitoring data, 

analysis and interpretation of data, and reporting of these data internally and 

externally. 
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Environmental Training Programme - a developing set of training modules 

and aids including environmental awareness at induction, on the job 

awareness, and specific training for operators and personnel in different 

operating centres and jobs. 

Document Management System - a computer system which enables controlled 

distribution and revision of all standard procedures, work instructions and 

laboratory standard methods. 

Hazardous Materials Database - a search tool keeping all relevant data, 

including Materials Data Safety Sheets, on any hazardous or potentially 

harmful materials stored or used on site. 

Laboratory Information Management System - a system developed for the 

special requirements of laboratories carrying out large numbers of analytical 

procedures, including environmental analyses. 

Release Prevention, Control and Countermeasures Plan (RPCC Plan) - a 

controlled document which sets out procedures to follow in the event of all 

feasible accidental spillages or releases, including emergency response and 

reporting details. 

5.3 	BAUXITE RESIDUE 

Management of bauxite residue, which comprises the largest volume waste product 

relating to alumina refining, is an integral component of the operation of an alumina 

refinery. Alcoa has been engaged in a continuous process of research, development, 

and investigation aimed at improving current practices and management of associated 

environmental impacts since 1976. At the time of the Unit II expansion, as detailed in 

the CER of 1989, a change from wet to dry storage (sometimes known as dry 

stacking) was under consideration. This technique was subsequently adopted at 

Wagerup, bringing it into line with Kwinana and Pinjarra refineries. The technique is 

now widely recognised as industry best practice for the management of bauxite 

residue, with significant benefits from an environmental and land resource perspective 

(Cooling and Glenister 1991, UNIDO 1992). A more complete listing of the 

environmental advantages of dry stacking is given in the above references and the 

1989 CER. 
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5.3.1 Land Requirements 

The areas of land required for residue storage will not change as a result of this 

expansion; only the timing will change. The total amount of land dedicated to the 

storage of residue at any given time will increase from 145 ha to 245 ha, then 300 ha. 

Projected residue area requirements for the next 50 years are shown in Figure 5. This 

is within the perimeter established in the ERMP for future residue storage 

requirements at Wagerup, is already owned by Alcoa, and is cleared and in current 

use as farmland. Consequently the only change brought about by the expansion here 

proposed is the rate at which this land requirement will be accessed. 

The area ultimately required for residue storage will be substantially less than 

predicted in the 1978 ERMP because of the conversion to dry storage. In fact, nearly 

10% of the original property shown in the 1978 ERMP has been sold to consolidate 

Alcoas land holding. Further consolidation could occur in future, but none is 

currently planned. Alcoa will continue to operate land earmarked for future residue 

storage as farmland, and the buffer function served by the farmland will continue. 

Industrial use of land with better quality soils, such as that near Hamel, will continue 

to be deferred for as long as possible. 

5.3.2 Groundwater Protection 

A review of groundwater conditions in the vicinity of both the refinery and residue 

areas was carried out in 1992 and made available to the Water Authority and the EPA. 

This review was based on an ongoing programme of groundwater monitoring carried 

out by Alcoa at some 125 monitor bores and piezometers located within and 

surrounding the refinery and residue storage areas. The review found that: 

regional impacts of operations on surface and groundwater are presently not 

significant 

impacts, if any, are confined to the superficial formations within the perimeter 

of the residue storage area, where higher than background groundwater 

conductivities have been recorded in some bores 

continued groundwater monitoring is necessary, to observe long-term changes 

in groundwater quality and detect any movement of poorer quality water away 

from the residue areas. 
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In regard to groundwater conductivity, the largest changes noted over the period 

studied occurred approximately 700 m north of the residue deposits, where increases 

of up to 400 mS/rn were observed. These elevations were not continuous with the 

residue areas however, suggesting that other influences were responsible for the trend. 

A possible influence is changes in irrigation activities in this area, perhaps signalling 

a return to the brackish groundwater conditions pre-existent in the Guildford 

Formation before the refinery commenced operation (refer 1978 ERMP for earlier 

data on relatively brackish shallow groundwater in this general area). 

An update of the 1992 review is currently being performed. Early data interpretation 

indicates that: 

no major long-term changes in the water table have occurred 

the absence of "mounding" under residue areas indicates that large leakage 

fluxes are not occurring 

water quality data from the residue areas are sufficient to conclude that there 

has been no major groundwater contamination from the residue deposits 

water quality data for some bores show large variation between consecutive 

analyses, suggesting a need to review current sampling and data collection 

procedures. 

In light of these findings, and the intention to manage residue containment in the same 

manner as currently, no incremental impacts differing from those noted for existing 

operations are foreseen for the proposed expansion. 

5.3.3 Surface Waters 

At present all runoff and drainage water collected on the refinery site and residue 

storage areas is captured, stored and then recycled as refinery make-up water. This 

minimises the demand placed on fresh water supplies and avoids the need to 

discharge effluent. The runoff water which accumulates during winter is currently 

stored in the cooling pond and in the wet residue bypass area (Mud Area 2). The 

planned expansion in drying area to accommodate the proposed increase in alumina 

production will result in a larger catchment area and hence a larger volume of winter 

runoff. An additional 2500 Ml capacity storage pond will be provided to store this 

runoff for use by the refinery. 
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As the residue deposits gradually increase in area the amount of nmoff water from 

operating and closed storage areas will also increase to the point where it may exceed 

the needs of the refinery. At that point discharge of water to the environment will be 

necessary. Water balance predictions suggest that this might occur for average 

rainfall conditions at Wagerup within about 20 years. For wetter conditions, it could 

be earlier depending upon the amount of storage capacity that is provided. Studies of 

likely runoff water quality, treatment requirements and possible discharge options are 

in progress. 

The residue storage areas are constructed on relatively flat land some of which has 

been used for irrigated agriculture in the past. A network of drainage and irrigation 

ditches existed over the area and prior to construction of the initial impoundments the 

Samson South Diversion Drain was constructed to divert upstream drainage water 

around the perimeter of the residue areas. The quality of water in this drain is 

monitored upstream and downstream of the residue areas to check on water quality 

impacts. These data are also submitted to the Water Authority along with the 

groundwater data on a biennial basis. The locations of surface water quality 

monitoring stations are shown on Figure 115. 

Impacts of residue storage upon surface waters have been discussed jointly with those 

relating to the refinery in section 5.2.4. In short, there has been no detectable long-

term trend in the major water quality parameters in surface waters traversing or 

emanating from the refinery and residue areas. 

5.3.4 Dust Control 

When the Wagerup Refinery was constructed buffer areas were provided between the 

residue disposal facilities and public access ways and neighbours. This buffer area 

was provided to minimise the public impact of dust, noise and visibility. Five 

hundred metres was allowed adjacent to the South West Railway and generally a 

minimum of 200m from secondary boundary roads and neighbouring properties. 

Residue dust emissions can however still be a problem over the drier months of 

September through April. The prevailing conditions at the residue area during these 

months are typical of the foothills along the Darling Scarp, with strong easterly winds 

during the night and early morning. Winds from other directions have the potential to 

cause dust but are generally not as strong nor as persistent as the easterly winds. 
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One adverse consequence of the change to dry stacking is the increased potential for 

dust generation. Accordingly the EPA set as a Works Approval condition for the new 

dry stacking operation a requirement for a programme of dust monitoring around the 

residue area. Initially a monitoring network based on mobile high volume samplers 

was operated, and more recently a number of permanent fixed samplers have been 

installed upwind and downwind of the residue areas (refer Figure 15). 

Operation of this network from 1990 to the present has indicated that dust levels are 

being effectively controlled at mean levels well within those considered as posing 

significant nuisance, although four complaints about residue dust were received 

during this period - three during the very long, dry summer of 1993/94. Data for the 

four monitoring sites located around the residue areas for 1993 are presented in Table 

5.6. Prior to 1993 the available data are from a two day per month sampling program 

which, although useful as a management tool, is considered too sparse to give a 

reliable statistical indication of ambient dust variability. 

Table 5.6: Ambient Dust Levels Around Residue Disposal Area, 1993 

(24 hour, units jig/rn3) 

Monitor Location Mean Value No.> 120 pg/rn3  Maximum Value 
South East 46 2 356 
North East 42 1 130 
West 45 1 146 
East 43 1 202 

An internal objective of 120 jig/rn3  based on the recently reviewed Victorian State 

Environmental Protection Policy for the Air Environment has been selected as an 

indicator of dust nuisance. As can be seen from the data, the frequency of exceedance 

of this value has been very low. For comparison, the dust limit for the industrial 

buffer zone established in the W.A. Environmental Protection Policy (Atmospheric 

Wastes) (Kwinana) is 260 jig/rn3. This value was exceeded once in 1993. 

Impacts of ambient dust excursions from the residue storage area are thus concluded 

to be relatively low, and comprise infrequent exposure of nearby properties to 

nuisance dust, usually at times when general background dust levels arising from 

strong winds are also present. The predominant constituents of residue dust are 

alumina, silica and iron oxide minerals with minor amounts of sodium carbonate. At 

the levels indicated and for the typical particle size distributions associated with 
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windblown dust, no adverse health effects are expected. However its presence and 

nuisance effect are amplified by its strong red colour. 

A number of techniques are used to control dust emissions. A network of sprinklers 

has been installed across the drying beds and are used to dampen the surface of the 

mud prior to a wind event and again during a windy period if required. Detailed 

weather forecasts are obtained on a daily basis so that the sprinkler systems can be 

activated in advance of windy conditions. 

The coarse sand fraction of the residue is used in a number of construction activities 

within the residue areas and is therefore subject to continued traffic and disturbance. 

A number of different stabilisers are used including bitumen, waste oil, crushed rock 

aggregate spread as a mulch, limestone and vegetation; each used depending on the 

type of activity being undertaken and the anticipated level of ongoing disturbance. 

Because of the larger active residue drying area required after the expansion, the 

potential for dust generation will clearly increase. It will be necessary to give close 

attention to all the dust management procedures outlined above. 

5.3.5 Hazard Management 

Residue Alkalinity 
Bauxite residue is separated from the highly alkaline process liquor in the refinery and 

the solids are washed through seven stages of dilution washers. However, the residual 

alkalinity is still around 12-15 g/l (expressed as sodium carbonate). This alkalinity 

includes sodium hydroxide and sodium carbonate and has a pH of about 13. This 

relatively high alkalinity gives rise to potential health and environmental hazards 

which must be closely managed. 

The residue slurry is corrosive to the skin and will damage soft tissue such as the eyes 

on contact. Workers are educated to this hazard and appropriate protection is 

provided. Residue areas are security fenced, sign posted and patrolled to prevent 

access by unsuspecting members of the public. Wildfowl which occasionally come in 

contact with wet residue may be injured and in some cases need to be humanely 

destroyed. 

It is important to note that bauxite residue is not regarded as a hazardous material in 

the classical sense. Such materials are usually defined as a having highly corrosive, 
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reactive, ignitable or toxic properties (USEPA 1990). Management of the residue 

areas has been successful both in denying the opportunity for unwitting human ently 

to the residue areas and in preventing uncontrolled releases. 

Total containment of residue is necessary to avoid pollution of water resources and 

land. Small quantities of residue may be beneficial for adjusting naturally acid soils 

and intercepting nutrients (see section 5.3.9), but at high concentrations the high pH 

and relatively high salinity of the material could adversely affect water and soil 

quality. Containment is achieved by the lined and drained storage structures 

mentioned previously. Pipelines carrying slurry or liquor are protected by secondary 

containment systems where practical and are subjected to rigorous maintenance 

checks. Water quality in nearby drains is continuously monitored. 

Dry stacking has significantly reduced the risks associated with residue storage. The 

area of land exposed to residue in the longer term will be less and the amount of free 

alkaline solution contained in the slurry distribution system and storage areas is less 

with reduced risk from spillage and seepage. The drying layers of residue are 

relatively shallow and the area of wet or soft mud at any one time is limited, thereby 

posing less risk to people and wildlife. 

Alkali is recovered from the residue by way of drainage as each drying layer 

consolidates, and by rainwater leaching. This water is all returned to the process. The 

operating objectives of the refinery are to reduce the alkali in residue to below 10 g/l 

by further improving washing efficiency. It is believed this can be achieved by 

careful use of fresh makeup water, redesign of washing circuits and improved 

flocculant use. While positive from an environmental viewpoint, recovery of alkali 

has a negative impact on the process by increasing the concentration of bauxite-

derived contaminants. Impurity control systems such as liquor burning are being 

installed to help manage this problem. Options for further reducing residue alkalinity 

are being examined. 

Radioactive Constituents 

Darling Range bauxite contains small amounts of naturally occurring radioactive 

elements such as thorium and uranium. The extraction of around 30% of the bauxite 

as alumina results in a proportional increase in the concentration of these elements in 

the residue. The radioactive elements tend to be associated with the fine fraction of 

the residue, so separation of the coarse and fine fractions as part of the disposal 

process tends to further concentrate these elements in the red mud. 
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The radioactive constituents of bauxite residue have been studied in detail, and the 

levels of radiation present in the residue areas (and in soils amended with red mud) 

measured. These studies, and a consideration of the results by the Department of 

Health (Radiological Council of W.A.), have concluded that the additional radiation 

dose likely to be experienced by members of Alcoa's workforce as a result of residue 

disposal activities is not significant. 

Rehabilitation of the residue storage areas includes a minimum one metre thick 

covering layer of residue sand. The completed deposit consequently exhibits levels of 

gamma radiation within the range of natural soils and similar to those found in the 

Darling Range. 

Periodic monitoring of the residue to check the concentration of radioactive 

constituents is carried out. While residue storage activities do not pose any health risk 

to Alcoa employees or members of the public, the assessment of future land-use 

options for the residue deposits will need to consider whether uses such as urban 

development, which would involve long periods of exposure, would be appropriate. 

5.3.6 Visual Aesthetics 

The residue areas were originally designed with landscape and viewing lines in mind, 

such that the view presented from major vantage points (South-Western Highway, 

Perth - Bunbury Railway) would not be obtrusive. The ultimate objective is for 

completed residue areas to be of similar landform to the natural topography of the 

Ridge Hill Shelf. No areas have yet been completed, so the degree to which the 

objective has been realised is not yet apparent nor will be for many years at Wagerup. 

However, rehabilitation demonstration projects are in an advanced stage of 

preparation on older residue storage areas at Kwinana and Pinjarra. 

Screening and landscape plantings have taken place in selected areas, with successful 

results. From the vantage points mentioned above, a partially obscured view of 

residue areas may be obtained. This is not believed to represent a major visual 

impact. From the less frequently viewed westerly and south westerly aspects 

(Bancell, Hayes and Somers Roads) the residue areas are elevated. Attention to 

screen plantings here has also ameliorated the views presented, although in some 

areas relatively uninterrupted views may be obtained. Given the light use of these 

roads by the public, the visual impacts are believed to be relatively minor. 
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5.3.7 Residue Area Rehabilitation 

Following the deposition of residue to the elevations and grades agreed with state 

agencies, the surfaces will be rehabilitated. The objective of this rehabilitation is to 

establish a surface condition which is low maintenance, stable, has sustainable 

vegetative cover, is aesthetically acceptable and is suitable for further appropriate land 

uses. The current rehabilitation process includes placement and shaping of a residue 

sand layer, installation of surface drains and runoff control structures, addition of 

organic soil amendments and fertiliser, and revegetation with a succession of site 

tolerant species to achieve the required aesthetic and land-use objectives. 

Experience with surface rehabilitation has been limited by the continued use of most 

residue storage areas. However some experience has been gained with the old residue 

areas A,B & C at Kwinana, where pasture, native shrubs and trees and more exotic 

species such as vegetables have been successfully grown. 	Rehabilitation 

demonstration areas are being established at Kwinana and Pinjarra and will be at 

Wagerup when a suitable area becomes available. The objective of these areas is to 

trial a range of revegetation options which are applicable to the area and make them 

available for tours in order to demonstrate what can be achieved and solicit further 

community and technical comment. 

5.3.8 Long-Term Residue Area Management 

Residue Planning Process 
In response to a commitment made by Alcoa in the 1989 CER to "develop long-term 

management plans for the residue deposits in consultation with relevant state 

agencies" and the subsequent Ministerial approval conditions to "commence 

development of a walk away solution for bauxite residue disposal sites --- to the 

satisfaction of the Minister for Environment", Alcoa and a number of government 

agencies have initiated a cooperative planning process to achieve these objectives. It 

was agreed between Alcoa and the State Government that the planning process be 

extended to all three Western Australian refineries and progress to date reflects this 

breadth. 

Following initial discussions between Alcoa, the Department of Resources 

Development and the Department of Environmental Protection, a Residue Planning 

Liaison Group (RPLG) was formed in May 1992 to coordinate and review long-term 

C:DATA\WG\94-620A 	 120. 



management issues, plans and development activities. This group, which includes 

representatives of the Departments of Resources Development, Environmental 

Protection, Agriculture, Planning & Urban Development and Minerals & Energy, the 

Water Authority and the Peel Development Commission, has met three times to 

review progress. 

Long-term management plans are being developed by planning teams at all three 

refineries in conjunction with Alcoa's central environmental and residue development 

groups. Overall progress is monitored by an internal residue planning lead team 

comprising management staff from the operating locations and central services 

groups. 

Early in the planning process it was decided to focus efforts on the Pinjarra Refinery 

to assist in developing good internal and external communication processes and a 

clearer idea of the scope and likely outputs of this process. It was agreed that the 

output would include end of refinery life or 50 year conceptual plans, five year 

operational plans, identification of major issues to be addressed and the research and 

development requirements to address these issues. It was also recognised that 

development of the plans needed to involve an ongoing community consultation 

process. 

Long-term plans for Pinjarra Refinery have been developed to a preliminary stage and 

communicated to the RPLG. The next step of development will include 

communication with the local community. The similarities between the Pinjarra and 

Wagerup refineries and their environments mean that much of the planning activity 

for Pinjarra has direct relevance to Wagerup. Wagerup plans are in early draft form 

and community consultation will be initiated in advance of RPLG review. It is 

anticipated that the first iteration of long-term plans for Wagerup will be ready for 

submission to the Minister for Environment in 1995. 

The discussion which follows relates to the main long-term management issues that 

the planning process has identified. 

Long Term Rehabilitation and Land Use 

In the long term, the standard of rehabilitation achieved must match the land-use 

objectives. These objectives are difficult to formulate so far in advance and as a result 

the initial aim is to establish a stable and sustainable vegetation system. This will be 

based on suitable native and agricultural species such as annual or perennial pastures. 
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It is considered likely that either of these options will be compatible with future land-

use objectives. These vegetation options are being developed through research and 

trials at Kwinana and Pinjarra and will be applied at Wagerup when completed 

residue surfaces become available. Alcoa's policy is to demonstrate rehabilitation 

standards and land-use options at the earliest practical date at all three refinery sites. 

Due to the young age of the Wagerup facilities it will be some years before the first 

substantial demonstration areas can be established there. 

Water Management 

The residue deposit will contain alkaline salts which will continue to leach from the 

deposit for many decades after closure with the action of rainwater. While it is 

intended that the surface vegetation system be chosen to minimise infiltration and 

runoff, there will nevertheless be an ongoing requirement to collect and treat 

relatively alkaline drainage water to a standard suitable for discharge. Prediction of 

the quantity and quality of drainage water is the subject of ongoing research. 

Potential receiving waters are also being monitored to assess background quality and 

the potential impact of future discharge. Once the possible effluent streams have been 

characterised, studies will be carried out on appropriate water treatment technologies. 

Financial Provisions for Closure and Long-Term Management 

It is a requirement of the State Government under the conditions referred to earlier 

that Alcoa develop a "walk away" or closure strategy for residue deposits such that 

they "no longer require management", or if ongoing management is required, the 

company "shall make adequate provision so that the required management is 

undertaken with no liability to the State". 

At this stage Alcoa believes that the zero management option is unrealistic except in 

the very long term, and that some level of ongoing monitoring and management of the 

residue deposits will be required for many years after the residue areas have been 

decommissioned. Alcoa is already making financial provisions within its accounts for 

the progressive and final rehabilitation of residue surfaces. 	The long-term 

maintenance costs associated with water management and overall monitoring of the 

deposits is less well defined at this stage but is the subject of research and 

investigations. As soon as these costs can be established with some confidence the 

provisions will be modified to encompass them. 

Future Land Ownership and Control 

The land used for residue storage at Wagerup is owned by the company under 

freehold title. After decommissioning of the refinery there will probably come a time 
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when Alcoa will wish to relinquish ownership of the land. Aspects such as possible 

limitations on land use, ongoing monitoring and management responsibilities and the 

retention of access to the residue deposit for alternative uses will be determined well 

beforehand with the State Government. 

5.3.9 Alternative Uses for Residue 

Alcoa has examined a range of potential uses for bauxite residue over the last 15 

years. Research by Dr Jim Barrow of CSIRO in the late 1970s   examined the use of 

bauxite residue to amend sandy coastal plain soils thereby increasing agricultural 

productivity and nutrient retention. With the recognition of the link between 

phosphorus leaching and weed and algae problems in the Peel-Harvey Inlet, the 

earlier research and trials was adjusted to focus on nutrient retention. A wide range of 

trials has been carried out in the Peel-Harvey catchment in the last three years under 

the supervision of the Department of Agriculture, culminating in 1994 with a large-

scale trial in the Meredith Drain subcatchment where over 30,000 tonnes of bauxite 

residue from the Wagerup Refinery was spread over 1500 ha of cleared farming land. 

Past trials have included bauxite residue use in livestock effluent disposal 

applications. The material is being used commercially in package sewage treatment 

plants. 

The widespread use of bauxite residue in the Peel-Harvey catchment has been the 

subject of a Public Environmental Review (Department of Agriculture 1993). The 

approval of the Minister for Environment was granted in February 1994, conditional 

upon monitoring for a further five year period and use being in accordance with an 

agreed code of practice. Negotiations between Alcoa and the State Government 

aimed at achieving a mutually acceptable structure for the release of residue are 

underway and once concluded should allow residue from the Wagerup Refinery to be 

more readily available for a range of soil amendment uses. 

The ready availability of other raw materials and the relatively small local markets 

limit the current opportunities for economic alternative use of large quantities of 

residue. Nevertheless the residue stockpiles could become a source of raw materials 

in the future and the possible reclamation of the residue should be considered prior to 

making future decisions on land use for the residue areas themselves and the 

surrounding area. 
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5.3.10 Research and Development 

Alcoa maintains a strong residue development thrust within the Western Australian 

operations which has four major objectives: 

minimise environmental impacts of existing residue deposits 

develop improved methods of residue management 

develop long-term residue management strategies 

develop alternative uses for bauxite residue. 

A multi-disciplinary staff of six coordinate a range of projects which address these 

objectives and considerable use is made of Alcoa personnel from operations, 

technical, engineering and environmental groups as well as external consultants and 

research institutions. 

Many of the improvements in residue management practices which have been 

achieved are a direct result of this development thrust which has spanned over 15 

years. The current residue development programme includes over 40 projects with an 

emphasis towards addressing long-term management issues. 	Progress is 

communicated to government agencies on a regular basis by way of the residue 

planning activity outlined in 5.3.8 and to a broader audience in the Triennial Reviews 

of Environmental Research and Operations. 

In addition to the in-house work programme, a major effort has been made to open up 

communications within the alumina industry on environmental issues associated with 

bauxite residue management. On Alcoa's initiative an International Bauxite Tailings 

Workshop was held in Perth in November 1992. The proceedings of this Workshop 

(Australian Bauxite and Alumina Producers 1992) provide a valuable reference 

document. 

5.4 	BUNBURY PORT FACILITIES 

No structural changes are required to the Bunbury shipping terminal to accommodate 

the increased rate of alumina export. 

Dust Emissions 

There have been occasional complaints from other industries in the area related to 

dust levels around the shipping terminal. Monitoring of dust concentrations using a 
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directional high volume sampler indicates that dusty conditions are sometimes 

experienced. Average dust levels recorded for the months of January to May 1994 

ranged from 128 to 308 Lg/m3. It is important to note that these are directional and 

source specific averages which cannot be compared to 24 hour average ambient dust 

levels. The sampler is immediately downwind from the shiploader and is only 

activated when westerly winds exceeding a specified velocity are experienced. 

Results from the sampling do not correlate strongly with loading or unloading 

activities; some dusty episodes occurring at times when no shiploading activities were 

taking place. The inference drawn so far is that particular ships do present loading 

problems, but the port area in general is an environment conducive to dust generation 

during strong winds. 

Prevailing winds at the terminal favour dust transport in a westerly or north-easterly 

direction. Immediately downwind lie the SECWA Bunbury Power Station and the 

waters of Leschenault Inlet. No residential or other sensitive land uses lie close to the 

terminal. Consequently it is concluded that impacts of fugitive dust emissions are 

confined to nuisance to workers at the terminal and the power station, mainly related 

to dust depositing on parked cars. 

The use of high volume samplers for periodic dust sampling will continue, and the 

information gained in monitoring used to further develop the control strategy for 

alumina transfer/loading operations. Efforts to control fugitive dust by keeping loose 

material to a minimum rely on general housekeeping and clean-up. A register of 

complaints related to dust will be established to reconcile port activities with 

complaints, taking action where necessary to prevent recurrence. Surfaces frequently 

trafficked by vehicles will be evaluated with a view to paving where practical, as a 

means of dust suppression. 

Caustic Soda Handling 
During train loading operations, there is a potential for occasional spillage of caustic 

soda, and consequent infiltration into soils and groundwater. This has been noted in 

the past, and management practices have been revised to keep such spillage to a 

minimum. 

Two monitor bores have been installed in the vicinity of train loading stations to 

provide information on possible caustic contamination. These bores are sampled on a 

three to six monthly frequency. Monitoring to date has indicated limited surface 

contamination by caustic in the vicinity of train loading stations and the overspill 
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lagoon. This does not appear to extend below a depth of one metre or so. Monitoring 

is continuing in an effort to distinguish between the high natural groundwater 

conductivity and caustic contamination. 

Modifications to caustic filling equipment to provide cut out prior to wagons being 

overfilled and to reduce dripping have been carried out. The overspill lagoon was 

recently upgraded with the installation of a double-lined sump and concrete aprons. 

These greatly reduce the risk of caustic seepage. 

In the port area, groundwater flow discharges into Koombana Bay, a relatively open 

bay with good exchange characteristics. The groundwater is naturally brackish to 

saline. On mixing with seawater, any dilute caustic is quickly neutralised, a 

precipitate of magnesium hydroxide forming. Consequently, no adverse impacts are 

expected for the minor spillages that have occurred in the past. 

Secondary containment in the caustic storage tank farm is designed in accordance 

with Dangerous Goods Regulations and provides for 110% of the volume of the 

largest tank. High level alarms are installed to guard against overfilling during ship 

unloading. Spillage of caustic will be addressed using the RPCC Plan. Spillage on 

the wharf which may enter harbour waters will be promptly communicated to the 

Bunbury Port Authority, and clean up action coordinated with the Authority should 

this ever be required. 

5.5 COMMUNITY 

5.5.1 Demography and Employment 

It is expected that the pattern of the previous expansion will be repeated, with new 

employees being recruited within the region and from more distant sources. A range 

of managerial, technical and production skills will be required, but the demography of 

the workforce is unlikely to change to any degree. Expected increases in Alcoa's 

permanent workforce have been discussed previously in section 2.2. Some increase in 

casual, part-time and contract employment is also expected. 

5.5.2 Housing and Accommodation 

The project region is well serviced with housing subdivisions. About 26% of the 

Alcoa workforce lives in Waroona, where housing was built for sale to new 
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employees when the Wagerup Refinery was first constructed. However, many 

employees prefer to live on the coast - particularly at Mandurah - and commute to 

their workplaces. 

Because of the land and services available, it is not the company's intention to re-enter 

the housing construction industry. Waroona is expanding each year and there is a 

ready supply of 800-900 m2  blocks available in the $15,000 price region. Larger 

blocks in the "special residential" area of about 2500 m2  are about twice the price of 

standard lots. All land within the townsite of Waroona is serviced by bitumen roads, 

scheme water, telephone and SECWA power. The Shire has applied to the State 

Government for funding for in-fill sewerage works. 

It is likely that about a third of the new employees would decide to live in the Shire of 

Waroona, with this demand being capable of being absorbed by available land and 

housing resources. The Shire has advised the company that it does not foresee any 

difficulties with housing and services. 

5.5.3 Community Liaison 

Liaison with State and Local Governments 

Regular meetings are held with the Waroona Shire Council, the latest being in August 

1994, to discuss matters including future expansion of the refinery. No specific 

concerns were expressed by Shire representatives or councillors, but they have asked 

for the company's support in approaching the Main Roads Department for repairs and 

upgrading to the South-Western Highway. 

The company monitors provision of community services through its regular contact 

with local government and liaison with providers of services such as education and 

health. Where appropriate, on a case-by-case basis, assistance is given to improve the 

level and delivery of services. It is part of the company's policy to direct community 

assistance programme funding to communities where Alcoa employees and their 

families live. 

With regard to bauxite mining plans for Willowdale North, the Waroona Shire Clerk 

and councillors were briefed in September 1993, and further presentations were made 

to Shire officers in April this year and to councillors in May. Others briefed include 

John Bradshaw MLA, the Harvey Shire Clerk, officers of the Department of Planning 

and Urban Development at both Mandurah and Bunbury, and the Peel Development 
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Commission. MMPLG members were given a preliminary briefing in 1993 and an 

update in August 1994. Most have already visited the project area at least once. State 

agencies such as CALM and the Water Authority, which have a particular 

responsibility for forest and water resources management, have been consulted on a 

more regular basis. 

Community Liaison 

A full-time professional Public Relations Officer is now employed at Wagerup 

Refinery and is responsible for maintaining liaison with organisations and individuals 

throughout the community. Considerable material on all aspects of the operation - 

refining and mining - is distributed in response to requests, particularly from school 

students for project materials. 

At appropriate times, open days are held at the refinery to enable interested members 

of the community to tour the operations and to ask questions about activities and 

issues. The last open day at Wagerup was held on 10 April this year to mark the 

refinery's tenth anniversary, and drew a total of 450 visitors. 

Regular contact is maintained with the Shire of Waroona and the Waroona Chamber 

of Commerce. Individual contact is a feature of the company's relationship with 

neighbours. All complaints, such as concerns about dust, noise or smell, receive 

individual attention. 

5.5.4 Community Consultation 

Waroona and District 

In August 1994 Reark Research Pty. Ltd. was retained to investigate local community 

attitudes towards all issues connected with Alcoa's operations at Wagerup. As a first 

step, six focus groups comprising a total of 41 members of the community were 

interviewed to find and probe all areas of concern or lack of understanding. The 

groups comprised farmers, business people, Yarloop residents, Waroona residents and 

Alcoa employees. 

From the focus group concerns a survey was designed to address all the relevant 

issues raised with the wider community. Three hundred and fifty one people (about 

10% of the local population over 18 years of age) from Waroona, Yarloop and the 

nearby smaller communities were interviewed. 
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While 81% of the people surveyed had no particular concerns with the refinery 

expanding, 19% felt it may cause some problems. The main concerns related to 

possible increased environmental damage (5%), pollution (4%) and the destruction of 

forests (3%). Other issues raised included the increased size of the residue storage 

areas, noise, dust from the residue areas, groundwater contamination, dust from trains 

and increased traffic (7% in total or 25 people held one or more of these concerns). 

The issues of increased dust from trains and increased levels of noise were raised by 

Yarloop residents. 

Overall the community's view is that Alcoa should continue to monitor refinery 

emissions and to develop better lines of communication. The 1994 survey followed a 

similar one carried out by Reark in 1989. A major community concern then was to do 

with a perceived lack of communication. Its reinforcement in the latest survey 

indicates that further effort is required in this area. 

The company will analyse the results of the community attitude survey undertaken by 

Reark Research and respond to any concerns raised through an enhanced community 

liaison programme. Additionally, during the period of public review for this CER, 

Alcoa will advertise the CER through local media, lodge copies at the Waroona and 

Harvey libraries, and will hold an advertised open day at the refinery. Refinery 

management will be on hand to answer questions, and to explain all elements of the 

environmental and social impacts of the proposal. Depending on the level of interest, 

the company will consider further community liaison proposals such as a pamphlet 

explaining how concerns will be addressed. 

An explanatory pamphlet addressing issues associated with the long-term 

management of residue areas has already been prepared and will be distributed widely 

in the district. 

Traffic 

Increased traffic, particularly on South Western-Highway, is a matter of concern for 

the Waroona Shire Council and local residents. Passenger vehicle movements could 

be expected to increase significantly from the increased workforce at the Wagerup 

Refinery and Willowdale Mine, but due to 24-hour shift patterns and car pooling the 

impact of a workforce of 900 will be substantially less than might at first appear 

evident. 
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Apart from construction periods, most materials are moved into and out of the 

operation by non-road transport. Bauxite is transported to the refinery by conveyor, 

caustic soda is brought in by rail, and alumina is railed out. Gas is delivered by 

underground pipeline. The only significant industrial road movement is the delivery 

of lime by road tanker from the Cockburn Cement plant. Currently seven tankers 

make the round trip each day. At the completion of Unit III but before the 

enhancement stage, about 10 lime tankers will be required each day. At 3.3 Mtpa it 

will decrease to eight because of the reduced lime requirements resulting from process 

yield improvements. 

Both Waroona and Murray Shire Councils are examining ways that South-Western 

Highway could be re-routed to bypass the town centres, and have been in discussion 

with the Main Roads Department on this subject for several years. The company has 

been consulted in these deliberations. 

Mine Neighbours 
All Alcoa's bauxite mines including Willowdale have a well established programme 

of communication with neighbours who might be affected by its operations or who 

have registered a complaint, i.e. the programme is both pro-active and reactive. All 

neighbours are advised of future mine plans at an appropriate stage in the planning 

process, bearing in mind that the schedule for extracting the bauxite from a particular 

orebody does not become firm until it appears on the 5 year plan approved by the 

Minister for Resources Development. As far as possible, neighbour concerns are 

taken into account in developing the mining schedule and management programme. 

An expanded consultation process endorsed by the MMPLG was developed for the 

Willowdale North mining area. The proposed development of Willowdale North has 

been communicated to a range of community groups including: 

all owners of private property adjoining the areas of interest for mining 

Lane Poole Reserve Advisory Committee 

Recreational Fishing Association 

local apiarists. 

About 40% of the 35 neighbours contacted were supportive or neutral about Alcoa's 

presence, 50% expressed varying levels of concern about one or more issues, and 10% 

(four people, three being from one property) expressed strong concern based on 

lifestyle or other considerations. 
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The concerns expressed by future neighbours were similar to those which have been 

encountered previously, i.e. noise (especially from blasting), visual intrusion, impact 

of lighting plant at night, possible disruption to water supplies or forest access, loss of 

adjoining bushland and possible impacts on native fauna, streamfiow or water quality. 

All concerns expressed by neighbours have been noted and will be taken into account 

in the planning and management of the operations. Liaison with neighbours will be 

an iterative and ongoing process. 

The northern and western margins of the Willowdale North area have a number of 

property owners who depend partly on holiday makers and the tourist trade for their 

income. These people had an additional concern about possible reduction in income 

because of the presence of the mining operations. These concerns will be addressed 

following more detailed discussion with those involved (refer also section 5.1.1 and 

5.1.3). Invitations to tour the mine will be extended to all neighbours in the near 

future. 

5.5.5 Farm Buffer 

In September 1994 CALM was commissioned to develop a long-term land 

management plan for the refinery area and farmlands, based on an approach 

developed for the Pinjarra Refinery land holdings by Land Systems EBC in 1992. 

The plan will provide a framework for responsible land management which addresses 

broader commercial, ecological and social considerations as well as being compatible 

with long-term residue area development and farm management requirements. It will 

guide the overall development of land management activities in the short to medium 

term and the re-establishment of appropriate land uses on the industrial areas in the 

very long term. The plan will be compatible with the Peel Regional Strategy and will 

be formulated in consultation with relevant State, regional and local authorities, 

adjoining property owners and other interested stakeholders. 

A five year integrated farm plan for the Pinjarra and Wagerup properties was 

developed with the assistance of ACIL Economics & Policy Pty. Ltd. in 1987. The 

plan was reviewed in 1992 and a number of alternative management strategies for the 

1993-97 period were evaluated. A whole farm plan was developed in 1994 in 

consultation with the Pinjarra Community Catchment Centre and personnel from the 

Harvey office of the Department of Agriculture. This plan takes a broader and longer- 
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term perspective which includes consideration of on-farm and community landcare 

initiatives. The whole farm plan will be an important component of the long-term 

land management plan. 

	

5.6 	CULTURAL HERITAGE 

As indicated in section 4.3.4, Alcoa has commissioned a study of Aboriginal heritage 

issues in the Willowdale North area and will meet its obligations under the Aboriginal 

Heritage Act in relation to any sites of archaeological or ethnographic significance 

recorded by the field surveys. The expansion at the refinery and residue areas will not 

affect land beyond that surveyed in association with the 1978 ERMP. 

Based on all available information, there will be no impact on sites of European 

cultural heritage significance. The company will continue to consider requests for 

assistance in conserving sites of Aboriginal or European cultural heritage significance 

in the general vicinity of its operations. 

	

5.7 	DECOMMISSIONING PLANS 

Alcoa anticipates the Wagerup Refinery and associated mining activities at 

Willowdale or elsewhere will continue to operate for at least 50 years. On completion 

of the operations the company will decommission the plant, mine and residue storage 

facilities and carry out reasonable restoration measures appropriate to the future land 

uses of the areas involved. These will be determined in consultation with relevant 

state, regional and local authorities. Mine crusher sites will be rehabilitated 

immediately following the relocation of the crusher and mining of any residual 

bauxite in the vicinity. 

On decommissioning of the refinery, the plant and ancillary works will be dismantled 

unless required for ongoing management of the site or other purposes related to the 

future use of the site. Long-term management plans for the residue storage areas will 

be periodically reviewed and updated to ensure compatibility at closure with projected 

land-use requirements. 
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6. CONCLUSIONS 

The proposed expansion of Wagerup Refinery to a capacity of 3.3 Mtpa will generate 

incremental environmental impacts in the sense that the rate of clearing for mining 

will increase, as will the rate of energy consumption, emissions by the refinery, and 

land requirements for active residue drying areas. However, there will be no increase 

in the total area which would otherwise have been mined, the area which would 

otherwise have been required for residue storage, or total energy use. 

In relation to the mining operations, impacts associated with the spread of dieback 

disease at Huntly and Del Park have been shown to be a very small fraction of that 

predicted by some commentators on the 1978 ERMP. The implementation of a 

comprehensive dieback management strategy will ensure that similar results are 

achieved at Willowdale. 

The ecological value of rehabilitated mined land has seen dramatic improvements 

since 1978 and Alcoa is committed to continuing its efforts to re-establish the total 

jarrah forest flora and fauna suited to the new mosaic of site types created after 

mining. This will include developing techniques to propagate recalcitrant, priority or 

rare species and establishing them in rehabilitated mine areas - in effect, establishing 

new populations of priority or rare species where this is considered desirable. 

Agreement was reached by 1986 on all the conservation reserves in Alcoa's mineral 

lease proposed by the System 6 Committee, including the creation of the Lane Poole 

Reserve. Alcoa supports CALM's 1994 proposals to further expand the Lane Poole 

Reserve and create two new nationals parks in the principal bauxite area 

(Monadnocks and the major conservation area in Lane Poole). In the negotiations 

over the System 6 reserves, Alcoa agreed to forego the bauxite resources in the 

conservation areas, but retained the right to mine the bauxite in the recreation zone of 

Lane Poole Reserve. In this CER the company has committed to defer indefinitely 

any mining in the more intensively used facilities section of the recreation zone. 

Mining operations in the Willowdale North area will require careful planning and 

management to minimise adverse effects on neighbouring property owners and 

recreational users of the area, and optimise potential benefits. This will occur 

regardless of whether expansion proceeds. The potential exists to enhance 

recreational opportunities and the conservation value of the substantial areas of badly 

dieback-affected forest within the proposed mining perimeter. 
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Compared to what might have been expected when the refinery was first 

commissioned, the total environmental impacts over the lifetime of the refining 

operations will be significantly reduced because of the improvements in residue 

disposal technology outlined in section 3.3, and the potential for significant 

improvements in energy efficiency and reduced lime and caustic soda consumption 

rates made possible by the expansion. 

Water consumption rates per tonne of alumina produced will decline over time as a 

consequence of the expansion of the residue areas. Runoff from the additional areas 

will substitute for water which would otherwise need to be harnessed from other 

sources. Eventually, it may be necessary to treat and discharge surplus water. Ample 

time is available to carry out the necessary investigation of treatment and discharge 

options. 

The expansion will necessitate close attention to the management of dust from residue 

storage areas and the handling of alumina during rail transport and shiploading. 

Community attitude surveys have indicated the need for an enhanced programme of 

communication. 

Alcoa's ongoing commitment to high standards of environmental management will 

ensure that any incremental environmental impacts associated with the proposed 

expansion will be managed effectively and within limits considered acceptable by the 

broader community. The proposed environmental management programme for the 

expanded operations is essentially a continuation of the current approach, which has a 

strong emphasis on continual improvement in key areas of environmental 

management through ongoing research and development and application of improved 

techniques and technologies. 

7. COMMITMENTS 

Section 6 of the 1989 CER summarised the company's performance against the 

primary environmental management commitments made in the September edition of 

the 1978 ERMP. The conditions of approval for the Unit II expansion and the 

consolidated commitments from the 1989 CER and 1978 ERMP (Appendix B) are 

considered to be still relevant. 
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Additional major commitments made in this CER are outlined below under the 

heading of Forest Conservation, it is recommended that the existing conditions and 

commitments relating to Residue Management be rephrased as indicated in the 

discussion under that heading below. The proposed additions and changes are shown 

in italics. For the most part the changes simply reflect the planning and review 

processes put into place since the 1989 CER was approved. There are several points 

of clarification and a suggested change in terminology from "walkaway solution" to 

"closure strategy". 

Forest Conservation 
Alcoa will defer mining indefinitely the bauxite resources in the facilities section of 

the recreation zone of the Lane Poole Reserve as defined in Figure 10 of this 

document. Ore extraction in the remaining areas of the recreation zone will exclude 

the steep slopes of the Murray River valley and will be undertaken in accordance with 

site-specfIc environmental management procedures agreed with the State Mining 

and Management Programme Liaison Group after consultation with CALM and the 

Lane Poole Reserve Advisory Committee. 

Alcoa will plan and manage its mining operations to minimise disturbance to 

biologically diverse areas fringing major rock outcrops and stream zones. 

Appropriate buffers will be maintained between these areas and minepit boundaries. 

Stream crossings will be constructed in a manner which facilitates their removal and 

rehabilitation after use, unless required for ongoing forest management or other 

purposes agreed with the State's Mining and Management Programme Liaison 

Group. 

Alcoa will continue its programme of biological surveys and support of activities 

contributing to the conservation of rare, endangered and priority species existing 

within the vicinity of its mining operations. 

Bauxite Residue Management 
Alcoa will prepare detailed design reports on future residue disposal areas and submit 

them to the Water Authority of Western Australia for approval. The design reports 

will include consideration of slope stability, seepage control, groundwater monitoring 

and construction and operating procedures. Results from monitoring programmes 

will be reported to the Water Authority at intervals determined by agreement with the 

Authority. 
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Alcoa will develop long-term management plans for the residue deposit including 

consideration of surface drainage, seepage control, effluent treatment and discharge, 

groundwater management, slope stability, surface rehabilitation, aesthetic impact and 

future land use. Such plans will be formulated in consultation with the State's 

Residue Planning Liaison Group and will include agreement with the State on 

responsibilities for any ongoing management requirements after decommissioning of 

the refinery. Initial concept plans will be formulated by the end of 1994 and reviewed 

periodically thereafter. Alcoa will recover and reuse, or treat and discharge, alkaline 

solutions draining from or flowing off the residue storage areas until such times as it 

demonstrated that such solutions do not pose an environmental hazard. 

Alcoa will develop a closure strategy for the residue storage areas at Wagerup in 

consultation with the State's Residue Planning Liaison Group, and shall report 

annually on the progress towards developing such a strategy, to the satisfaction of the 

Minister for Environment. The closure strategy shall be subsequently implemented, 

to the satisfaction of the Minister for Environment. The time when this closure 

strategy is to be implemented shall be determined by the Minister for Environment on 

the advice of the Minister responsible for administering the Alumina Refinery 

(Wagerup) Agreement Act 1978. 

A closure strategy means that the bauxite residue storage areas shall either no longer 

require management at the time Alcoa ceases refining operations, or if further 

management is deemed necessary, Alcoa shall make adequate provision so that the 

required management is undertaken with no liability to the state. 
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APPENDIX A 

EPA GUIDELINES 



PROPOSAL TO INCREASE ALUMINA PRODUCTION AND ASSOCIATED 
BAUXITE MINING ACTIVITIES FOR UNIT THREE AT WAGERUP, 

WESTERN AUSTRALIA (ASSESSMENT NO. 895) 

GUIDELINES FOR THE CONSULTATIVE ENVIRONMENTAL REVIEW 

Overview 

In Western Australia, the environmental assessment process is about protecting the 
environment. The fundamental requirements is for the proponent to describe the 
proposal in some detail, to discuss the environmental impacts and potential 
environmental impacts of the proposal, and then to describe how those environmental 
impacts are going to be avoided, ameliorated or managed so that the environment is 
protected. 

If the proponent can demonstrate that the environment would be protected from 
unacceptable environmental impacts, then the proposal would be found 
environmentally acceptable; if the proponent cannot demonstrate this, then the 
Environmental Protection Authority (EPA) would recommend against the proposal. 

Throughout the process, it is the aim of the EPA to advise and assist the proponent to 
improve or modify the proposal in such a way that the environment is protected. 
However, it is the responsibility of the proponent to design and implement proposals 
which protect the environment, and to present the design proposals for review. 

These guidelines have been prepared to assist the proponent in identifying key issues 
which should be addressed within the Consultative Environmental Review (CER) for 
the proposed increase in alumina production and associated mining activities for Unit 
Three at Wagerup. They are not intended to be exhaustive and the proponent may 
consider that other issues should also be included in the document. 

Purpose of a CER 

The principal function of the CER is to facilitate a review of key environmental 
issues, and to communicate clearly with the public and Government agencies, so that 
the EPA can obtain informed comments of the proposal. This provides the basis for 
the EPA to assess the proposal and to advise the State Government on protecting the 
environment. 

Objectives of the review 

The Consultative Environmental Review should have the following objectives: 

to place this proposal in the context of the local and regional environment; 
to explain the issues, decisions and feasible alternatives which led to the 
choice of this proposal at this place and at this time; 
to set out the specific environmental impacts that the proposal may have; and 



for each impact, to describe any environmental management steps, including 
monitoring, that the proponent believes would avoid, mitigate or ameliorate 
that impact. 

The CER should focus on the key environmental issues for the proposal and anticipate 
the questions that members of the public will raise. Data describing the environment 
should be directly related to the discussion of the potential impacts of the proposal. 
The discussion should then relate directly to the actions proposed to manage those 
impacts. 

The document 

The contents of the CER should be concise and accurate as well as being readily 
understood. Specialist information and technical description should be included only 
where it assists the understanding of the proposal. Where specific information has 
been requested by a government department or the local authority this should be 
included in the document. 

It is not intended that the document be unduly lengthy. Rather it is intended that all 
relevant material should be succinctly presented in order that the key environmental 
issues may be assessed. 

A copy of these guidelines should appear in the CER document. 

Description of proposal and existing environment 

It is important to include a description of the proposal itself, including specifically 
what is proposed, how it is to be carried out, the timing of the project, and what 
measures will be taken to ameliorate possible negative effects. 

Plans of the area to be affected by the proposal should be included showing: 

location of the proposal; 
existing land uses and land status; 
timing and areas to be cleared and subsequently rehabilitated for mining 
related activities (such as those within 5 year and 25 year time frames); and 
areas for residue disposal. 

These plans may be included in the text, or included as appendices to the report. 

The existing environment should be clearly described including physical, biological 
and human environment. 

Environmental impacts and management 

The key issues for this proposal should be clearly identified and the content of 
succeeding sections determined by their relevance to these issues. 



The CER should provide sufficient information for the environmental impacts of the 
proposal to be placed in the context of what is happening with the existing approved 
operations. Where necessary, the proponent may refer to publicly available 
information associated with previous approvals. 

Emphasis should be placed on the proponent's performance to date in managing 
environmental impacts associated with the existing operations, and how the 
incremental effects associated with this proposed expansion would affect the 
environment. 

In this case the key environmental issues include: 

Bauxite mining related activities 

impacts on local and regional planning for the area in general; 
co-ordination of bauxite mining with other land uses (forest management, 
conservation, recreation, water catchments, tourism, road networks, gravel 
supplies); 
factors affecting direction, rate and extent of mining related activities through 
the Darling Ranges, including the quality and quantity of the bauxite resource; 
timing and extent of mining, and any special measures to manage 
environmental impacts in areas that will require additional care andlor 
research, such as Intermediate and Low Rainfall Zones, Disease Risk Areas, 
Lane-Poole Recreation Area, dam catchments; 
any updated information on impacts on flora and fauna, particularly any rare, 
restricted, priority or locally important species; 
completion criteria for rehabilitation of cleared areas (objectives, rate, 
effectiveness to date, retention of infrastructure); 
any updated information on risk and management of dieback disease; 
impacts on groundwater below and adjacent to cleared areas, and subsequent 
impacts on vegetation and water quality and quantity; 
methods to manage noise and dust impacts at nearest residences and other 
sensitive human environments; 
solid and liquid waste minimisation, treatment and disposal; 
recycling/utilisation of solid and liquid wastes. 
risks and hazards (blasting, exclusion of public from operational areas); 
visual impacts on landscape values; 
impacts on local communities and nearest neighbours; and 
protection of areas of importance to aboriginal and non-aboriginal heritage. 

Alumina refinery aspects 

Construction aspects: 

type and location of structures to be built at the refinery site; 
overburden, topsoil and dewatering management; 
provision of services and drainage; and 
management of dust and noise. 



Operational aspects: 

process inputs and outputs; 
monitoring and management of: 

- 	ground and surface water impacts; 
- dust (bauxite and alumina) and gaseous emissions (NOx, S02, 

Greenhouse gases inventory) 
- noise levels at nearest residences and other sensitive human 

environments; 
energy efficiency; 
generation, minimisation, disposal and utilisation of bauxite residue, 
progress towards a long term management strategy for bauxite residue; 
other solid and liquid waste minimisation, recycling, treatment and disposal; 
identification and management of risks and hazards; and 
rehabilitation/decommissioning and final use. 

Social impact aspects 

impact of project workforce and attendant population on local communities 
and nearest neighbours to sites during construction and operation; and 
local employment opportunities and other local benefits. 

Predicted environmental impacts and proposed measures to overcome or minimise 
these problems should be discussed in sufficient detail so as to allow an adequate 
assessment to be made. Proposed monitoring programmes and contingency plans to 
ameliorate unplanned events should also be discussed. 

Public participation and consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the CER. Cross reference should be made 
with the description of environmental management for the proposal which should 
clearly indicate how community concerns have been addressed. Where these concerns 
are dealt with via other departments or procedures outside the Environmental 
Protection process, these can be noted and referenced in this section. 

Commitments 

Where a social or bio-physical environmental problems has the potential to occur, the 
proponent should consider addressing this potential problem with a commitment to 
rectify it. Where appropriate, the commitments should include: 

who is responsible for the commitment and who will do the work 
what is the nature of the work 
when and where the work will be carried out, and 
to whose satisfaction will the work be carried out. 



A summary of commitments in numbered form should be given. A set of well written 
concise commitments covering the key issues of the proposal and its effects will help 
to expedite assessment of the proposal. 



ENVIRONMENTAL APPROVAL PROCESS 

ALCOA 
REFERS PROPOSAL 

I DECISION BY EPA ON ASSESSMENT LEVEL 

EPA ADVERTISES ASSESSMENT LEVEL 
Public appeals on level of assessment 

ALCOA PREPARES CER DOCUMENT I 

I EPA EXAMINES DOCUMENT FOR SUITABILITY FOR PUBLIC REVIEW 

PUBLIC REVIEW 

Public submissions 
Alcoa 's response to submissions 

EPA UNDERTAKES ASSESSMENT AND REPORTS 
TO MINISTER FOR THE ENVIRONMENT 

MINISTER PUBLISHES EPA REPORT 
Public appeals on EPA recommendations 
Minister determines appeals 

MINISTER SETS CONDITIONS OF APPROVAL 
OR REQUESTS FURTHER ASSESSMENT 



APPENDIX B 

1989 CER CONDITIONS OF APPROVAL 
AND CONSOLIDATED COMMITMENTS 



WESTERN AUSTRALIA 

MINISTER FOR ENVIRONMENT 

STATEMENT THAT A PROPOSAL MAY BE IMPLEMENTED (PURSUANT TO THE 
PROVISIONS OF THE ENVIRONMENTAL PROTECTION ACT 1986) 

WAGERU P ALUMINA REFINERY EXPANSION 

This proposal may be implemented subject to the following conditions: 

The proponent shall adhere to the proposal as assessed by the Environmental Protection 
Authority and shall fulfil those commitments made in the 1978 Environmental Review and 
Management Programme and its Supplement which are still relevant, and the commitments made 
in the 1989 Consultative Environmental Review (copy of consolidated commitments attached). 

2 	To ensure that mining schedules for the proposal are integrated with forest management 
schedules, the proponent shall liaise closely with the Department of Conservation and Land 
Management throughout the life of the project, to the satisfaction of the Minister for Environment. 

3 	Within 12 months of the commencement of the expanded operations, the proponent shall 
commence development of a 'walk-away' solution for the bauxite residue disposal sites used for 
this refinery, and shall report annually on progress towards developing such a solution, to the 
satisfaction of the Minister for Environment. This solution shall be subsequently implemented, to 
the satisfaction of the Minister for Environment. The time when this solution is to be implemented 
shall be determined by the Minister for Environment on the advice of the Minister responsible for 
administering the Alumina Refinery (Wagerup) Agreement Act 1978. 

A 'walk-away' solution means that the bauxite residue disposal sites shall either no longer require 
management at the time the proponent ceases refining operations, or if further management is 
deemed necessary, the proponent shall make adequate provision so that the required 
management is undertaken with no liability to the State. 

4 	The proponent shall consider the minimising of 'greenhouse' gas emissions as a major factor in 
the selection of energy generation options, and shall advise the Minister for Environment of the 
conclusions and findings. 

5 	To minimise social disruption to the Waroona district, the proponent shall establish formal liaison 
and monitoring processes with the Shire of Waroona, to the satisfaction of the Environmental 
Protection Authority upon advice from the Social Impacts Unit. 

6 	The proponent shall be responsible for decommissioning and removal of the plant and 
rehabilitating the site and environs of the expanded facility, to the satisfaction of the 
Environmental Protection Authority. At least six months prior to decommissioning, the 
proponent shall prepare for the expanded facility and its site, a decommissioning and 
rehabilitation plan, to the satisfaction of the Environmental Protection Authority. 

7 	No transfer of ownership, control or management of the project which would give rise to a need 
for the replacement of the proponent shall take place until the Minister has advised the 
proponent that approval has been given for the nomination of a replacement proponent. Any 
request for the exercise of that power of the Minister shall be accompanied by a copy of this 
statement endorsed with an undertaking by the proposed replacement proponent to carry out 
the project in accordance with the conditions and procedures set out in the statement. 
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PROCEDURES 

Where the proponent is required to provide reports to the Minister for Environment, it will be adequate 
to incorporate such reports within those required under the Alumina Refinery (Wagerup) Agreement 
Act 1978, and the Minister responsible for administering that Act shall forward the relevant information 
to the Minister for Environment in order to meet the conditions. 

/ 
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B06 Pearce, MLA 
MINISTER FOR ENVIRONMENT 
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WAGERUP ALUMINA REFINERY EXPANSION - COMMITMENTS 

All but one of the major environmental management commitments made in the supplementary 
Environmental Review and Management Programme of 1978 are still considered relevant. 
Alcoa believes its commitment to dieback research is adequately covered in Item 6.4, repeated 
below as 9. There is no continuing justification for dieback research to be considered 
separately. Additional or modified commitments are proposed in the areas of residue disposal, 
dieback management and forest conservation. A restatement of the major environmental 
management commitments is given below. The proposed changes (printed in heavy type) 
mainly reflect the importance placed on these issues in Alcoa's current environmental 
management programme. 

In addition to the 10-year mining plans to be submitted to the State under Clause 5 of the 
Wagerup Agreement, Alcoa will also prepare and submit to the State mining and management 
programmes which will specify such matters as the areas which it is proposed to mine, the 
method of mining, and the proposed methods of rehabilitation in accordance with procedures 
to be agreed between Alcoa and the State. Alcoa undertakes to consult closely with the State 
on the preparation of these programmes and not to implement these programmesuntil 
agreement to them has been reached with the State or they have been determined by 
arbitration. 

Bauxite mining will not take place in the eastern, lower rainfall portion of Alcoa's lease, until 
research shows that mining operations can be conducted without significantly increasing the 
salinity of water resources. 

Alcoa undertakes to formulate its detailed rehabilitation proposals to best suit the land use 
priorities established by the State for the particular mining area concerned. 

Alcoa will monitor the success of all its rehabilitated mined areas in co-operation with the 
Department of Conservation and Land Management and, if necessary, is prepared to carry out 
further treatments up to the time when It is agreed that CALM should resume full 
management responsibility. 

Alcoa will forego the bauxite resources in the jarrah forest conservation areas 
agreed In consultation with the State's Reserves Review Committee and 
specified In the Alumina Refinery Agreement Amendment Act, No 99 of 1986, 
for as long as their conservation values remain. Mining adjacent to the 
conservation areas will utilise site-specific environmental management 
procedures agreed In consultation with the Mining and Management 
Programme Liaison Group. These will include particular consideration of 
dieback management and mine rehabilitation requirements. 

Alcoa will implement a comprehensive dieback management programme 
designed specifically for its mine operations In the jarrah forest. This will include 
the rehabilitation of dieback-affected areas adjacent to its mine operating areas, in accordance 
with procedures agreed with State agencies, and irrespective of the cause of introduction of the 
disease. 

Alcoa will prepare detailed design reports on future residue disposal areas 
and submit them to the Water Authority of Western Australia for approval. The 
design reports will include consideration of slope stability, seepage control, 
groundwater monitoring and construction and operating procedures. Results 
from monitoring programmes will be reported to the Water Authority at 
intervals determined by agreement with the Authority. 

Alcoa will develop long-term management plans for the residue deposits 
including consideration of surface drainage, seepage control, groundwater 
management, slope stability, surface rehabilitation, aesthetic impact and 
future land use. Such plans will be formulated in consultation with relevant 
State agencies and will Include agreement with the State on responsibilities 
for any ongoing management requirements after decommissioning of the 
refinery. Concept plans will be formulated by 1994 and reviewed periodically 



thereafter. Alcoa will recover and treat or reuse alkaline solutions in the residue disposal 
areas until such times as it is demonstrated that such solutions do not pose an environmental 
hazard. 

Alcoa is committed to an ongoing research programme into all aspects of its operations that 
have the potential to adversely affect the environment, and into those environmental 
characteristics that could be adversely affected by its operations. 

Alcoa will submit a brief review of Its environmental research and management 
programme to the Department of Resources Development on an annual basis. 
Copies will be made available to relevant State agencies and the Shire of 
Waroona. A more detailed review will be prepared on a triennial basis. 

Alcoa will co-operate in a joint community services monitoring programme in conjunction with 
the State and the Shire of Waroona to monitor socio-economic effects of the project and 
provide input for community services planning. 

Alcoa will dismantle its facilities at the termination of mining and refinery operations and carry out 
reasonable restoration measures at the sites of those operations providing such facilities are not 
required for other purposes. 
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Fauna species recorded during all studies conducted in current and future 
(Willowdale North) mining areas. * denotes upland jarrah forest species which 
have not yet been recorded as recolonising rehabilitated bauxite mined areas. 

BIRDS 

Dromaiidae 
Emu 	 Dromaius novaehollandiae 

Podicipedidae 
Black-throated Grebe 	 Podiceps novaehollandiae 
Hoary-headed Grebe 	 P. poliocephalus 

Phalacrocoracidae 
Little Pied Cormorant 	 Phalacrocorax melanoleucos 

Ardeidae 
White-faced Heron 	 Ardea novaehollandiae 

Anatidae 
Shelduck Tadorna tadorno ides 
Black Duck Anas superciliosa 
Grey Teal Anasgibberfrons 
Wood Duck Chenonettajubata 
Musk Duck Biziura lobata 

Rallidae 
Coot 	 Fulica atra 

Accipitridae 
Square-tailed Kite 	 Lophoictinia isura * 
Little Eagle 	 Aquila morphnoides 
Wedge-tailed Eagle 	 A. audax 

Falconidae 
Brown Falcon 	 F. berigora 
Australian Kestrel 	 F. cenchro ides 

Turnicidae 
Painted Button-quail 	 Turnix varia 

Columbidae 
Common Bronzewing 	 Phaps chalcoptera 
Brush Bronzewing 	 P. elegans * 



Psittacidae 
Purple-crowned Lorikeet 	Glossopsitta porphyrocephala * 

Ring-necked Parrot 	 Platycercus zonarius 

Red-capped Parrot 	 P. spurius 

Western Rosella 	 P. icterotis 

Elegant Parrot 	 Neophema elegans 

Baudin's Cockatoo 	 Calyptorhynchus baudinii 

Red-tailed Black Cockatoo 	C. magn/icus 

Cuculidae 
Fan-tailed Cuckoo 	 C. flabellformis 
Shining Bronze Cuckoo 	C. lucidus 

Strigidae 
Boobook Owl 	 Ninox novaeseelandiae 

Podargidae 
Tawny frogmouth 	 Podargus strigoides 

Aegothelidae 
Australian Owlet-nightj ar 	Aegotheles crislatus 

Alcedinidae 
Laughing Kookaburra 	 Dacelo gigas 
Sacred Kingfisher 	 Halcyon sancta 

Meropidae 
Rainbow Bee-eater 	 Merops ornatus 

Hirundinidae 
Tree Martin 	 Cercopis nigricans 

Campephagidae 
Black-faced Cuckoo Shrike 	Coracina novaehollandiae 

Pachycephalidae 
Scarlet Robin P. multicolor 

Yellow Robin Eopsaltria australis 

White-breasted Robin E. georgiana 
Golden Whistler Pachycephala pectoralis 
Rufous Whistler P. rufiventris 

Grey Shrike-thrush Colluricincla harmonica 

Monarchidae 
Grey Fantail 	 Rhipidurafuliginosa 

Acanthizidae 
Western Flyeater 	 Gerygonefusca 



Weebill 	 Smicrornis brevirosiris 
Broad-tailed Thornbill 	 Acanthiza apicalis 
Western Thornbill 	 A. inornata 
Yellow-rumped Thornbill 	A. chrysorrhoa 
White-browed Scrub-wren 	Sericornisfrontalis 

Maluridae 
Splendid Fairy-wren 	 Malurus spendens 
Red-winged Fairy-wren 	M elegans 

Daphoenosittdae 
Australian Sitella 	 Daphoenositta chrysoptera 
Rufous Treecreeper 	 Climacteris rufa 

Pardalotidae 
Spotted Pardalote 	 Pardalotus punctatus 
Striated Pardalote 	 P. striatus 

Zosteropidae 
Grey-breasted White-eye 	Zosterops lateralis 

Meliphagidae 
Brown Honeyeater Lichmera indistincta 
Singing Honeyeater Meliphaga virescens 
White-naped Honeyeater M lunatus 
New Holland Honeyeater Phylidonyris noveaehollandiae 
White-cheeked Honeyeater P. nigra 
Tawny-crowned Honeyeater P. melanops 
Western Spinebill A canthorhynchus superciliosus 
Little Wattlebird Anthochaera chrysoptera 
Red Wattlebird A. carcunculata 

Ploceidae 
Red-eared Firetail 	 Stagonopleura oculatum 

Artamidae 
Dusky Woodswallow 	 Artamus cyanopterus 
Black-faced Wood-swallow 	A. cinereus 

Cracticidae 
Grey Butcherbird 	 Cracticus torquatus 
Australian Magpie 	 Cracticus tibicen 
Grey Currawong 	 Strepera versicolor 

Corvidae 
Australian Raven 	 Corvus corono ides 

TOTAL SPECIES = 72 



MAMMALS 

Dasyuridae 
Chuditch 	 Dasyurus geoffroii 
Brush-tailed Phascogale 	Phascogale tapoatafa* 

Yellow-footed Antechinus 	Antechinusfiavipes 
Dunnart 	 Sminthopsis sp. * 

Phalangeridac 
Common Brushtail Possum 	Trichosurus vulpecula 

Burramyidae 
Western Pygmy-possum 	Cercartetus concinnus 

Macropodidae 
Western Brush Wallaby 	Macropus irma 
Western Grey Kangaroo 	M fuliginosus 

Vespertilionidae 
Lesser Long-eared Bat 	 N. geoffroyi 

Muridae 
Water Rat 	 Hydromys chrysogaster 
Black Rat 	 Rat/us rat/us 
House Mouse 	 Mus musculus 

Leporidae 
Rabbit 	 Oryctolagus cuniculus 

Canidae 
Fox 	 Vulpes vulpes 

Felidae 
Feral Cat 	 Fe/is catus 

Suidae 
Feral Pig 	 Sus scrofa 

TOTAL SPECIES = 16 

HERPETOFAUNA 

1. Frogs 

Leptodactylidae 
Crinea georgiana 
C. glauerti 



C. pseudinsignfera 
C. insignfera? 
Geocrinea ieai 
Helioporus barycragus 
H. eyrei 
H. inornatus 
Limnodynastes dorsalis 

Hylidae 
Litoria adelaidensis 
L. moorei 
TOTAL SPECIES = 10(11?) 

2. Reptiles 

Gekkonidae - Geckos 
Diplodactylus poiyophthaimus 
Phyliodactylus m. marmoratus * 
Phyliurus mliii 

Scincidae - Skinks 
Cryptoblepherus piagiocephalus 
C. labillardieri 
Ergernia kingii* 
E. luctuosa 
E. napoieonis 
E. puichra 
Hemiergis initialis 
Bassiana triiineatum 
Lerista distinguenda 
Lerista microtis * 
Menetia greyi 
Morethia obscura 
Sphenomorphus austraiis 
Tiliqua rugosa 

Varanidae - Goannas 
Varanus gouidii 

Typhlopidae - Blind Snakes 
Ramphotyphiops australis 



Elapidae - Elapid (Venomous) 
Snakes 
Nolechis scutatus 
Pseudonaja affinis 
Rhinoplocephalus gouldii 
R. nigriceps 

Tiger Snake 
Dugite 
Gould's Snake* 
Black-backed Snake* 

TOTAL SPECIES =23 



APPENDIX D 

ABBREVIATIONS AND DEFINITIONS 



ABBREVIATIONS 

CALM 	Department of Conservation and Land Management 
CER Consultative Environmental Review 
CFC chiorofluorocarbon (gas) 
dB decibels (noise) 
DEP Department of Environmental Protection 
EC electrical conductivity 
EPA Environmental Protection Authority 
ERMP Environmental Review and Management Programme 
ESP electrostatic precipitator 
g grams 
G giga (billion) 
ha hectares 
J joules (energy) 
k kilo (thousand) 
kg kilograms 
km kilometres 

litres 
in metres 
mg milligrams (thousandths of a gram) 
mm millimetres 
mS milliSiemens (conductivity) 
m2  square metres 
m3  cubic metres 
M mega (million) 
MMPLG Mining and Management Programme Liaison Group 
Mtpa million tonnes per annum 
NHMRC National Health and Medical Research Council 
NPNCA National Parks and Nature Conservation Authority 
NOx nitrogen oxides (gas) 
NTU nephelometric turbidity units (water quality) 
ppm parts per million 
RPLG Residue Planning Liaison Group 
SEC WA State Energy Commission of W.A. 
spp species 
t tonnes 
TDS total dissolved solids (water quality) 
TSP total suspended particulates (dust) 
TSS total soluble solids (water quality) 
UNIDO United Nations Industrial Development Organization 

micrograms (millionths of a gram) 
% percent 



DEFINITIONS OF RARE AND PRIORITY FLORA 

Declared Rare Flora - Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild either 
rare, in danger of extinction, or otherwise in need of special protection, and have been 
gazetted as such. 

Declared Rare Flora - Presumed Extinct 
Taxa which have not been collected, or otherwise verified, over the past 50 years 
despite extensive searching, or of which all known populations have been destroyed 
more recently, and have been gazetted as such. 

Priority One - Poorly Known Taxa 
Taxa which are known from one or a few (generally <5) populations which are under 
threat, either due to small population size, or being on lands under immediate threat, 
e.g. road verges, urban areas, farmland, etc., or the plants are under threat, e.g. from 
disease, grazing by feral animals etc. May include taxa with threatened populations 
on protected lands. Such taxa are under consideration for declaration as 'rare flora', 
but are in urgent need of further survey beforehand. 

Priority Two - Poorly Known Taxa 
Taxa which are known from one or a few (generally <5) populations, at least some of 
which are not believed to be under immediate threat (i.e. not currently endangered). 
Such taxa are under consideration for declaration as 'rare flora', but are in urgent need 
of further survey beforehand. 

Priority Three - Poorly Known Taxa 
Taxa which are known from several populations, at least some of which are not 
believed to be under immediate threat (i.e. not currently endangered). Such taxa are 
under consideration for declaration as 'rare flora', but are in need of further survey 
beforehand. 

Priority Three - Rare Taxa 
Taxa which are considered to have been adequately surveyed and which whilst being 
rare (in Australia), are not currently threatened by any identifiable factors. These taxa 
require monitoring every 5-10 years. 

Priority Four - Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, whilst being 
rare (in Australia), are not currently threatened by any identifiable factors. These taxa 
require monitoring every 5-10 years. 


