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PROPOSAL FOR THE BARRACK SILICON PROJECT 

PUBLIC ENVIRONMENTAL REPORT 

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

This Public Environment Report (PER) for the proposed Barrack Silicon 
project has been prepared on behalf of Barrack Silicon Pty. Ltd. The PER 
will be available for comment for 	weeks, beginning on 30th November, 
1987 and finishing on 2th January, 1988. 

Comments from Government agencies and from the public will assist the EPA 
in preparing an Assessment Report, in which it will make a recommendation 
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 will be acknowledged. 

DEVELOPING A SUBMISSION 

You may agree or disagree, or comment on, the general issues discussed in 
the PER or with 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 PER: 

clearly state your point of view; 

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

suggest recommendations, safeguards or alternatives. 



POINTS TO KEEP IN MIND 

It will be easier to analyse your submission if you keep in mind the 
following points: 

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 PER. 

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

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

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

Remember to include: 

Your Name 
Your Address 
Date 

The closing date for submissions is 29th January, 1988. 

Submissions should be addressed to: 

The Chairman, 
Environmental Protection Authority, 
1 Mount Street, 
Perth 	WA 	6000. 

Attention Mr J. Malcolm. 

Any enquiries concerning submissions can be directed to Mr. Malcolm on 
(09) 222 7079. 
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SUMMARY 

INTRODUCTION 

This Public Environmental Report (PER) describes a proposal by Barrack 
Silicon Pty. Ltd. to establish a silicon industry in Western Australia. 
The PER provides an opportunity for interested parties to formally comment 
on the proposal to the Environmental Protection Authority (EPA). It will 
also provide the basis for the EPA's Assessment Report on the proposal to 
the Minister for Environment. 

Silicon is produced by the high temperature reduction of quartzite in a 
submerged arc furnace. Charcoal and wood blocks are added to the furnace 
as a reductant and stabilising agent respectively. 

The proposal has three main components: 

quartzite quarrying and crushing near Moora (185km north of Perth) 
with rail transport to the silicon production plant 

timber gathering from State Forests near Harvey and Collie and 
transport by road to the charcoal plant, and 

the charcoal/silicon production complex at Picton Junction near 
Bun bury 

The proposal has previously been assessed by the EPA on the basis of an 
Environmental Review & Management programme (ERMP) prepared by the Western 
Australian Silicon Trust, the former owners of the mining tenements. 

The quarry operations remain virtually unchanged in this PER, but the 
proposed charcoal/silicon complex has been integrated and relocated to 
Picton from Coolup/Wundowie and some wood supply areas have been 
transferred from the Dwellingup to the Collie region. The PER has been 
prepared because of these changes to the original proposal and 
consequently emphasises the environmental implications of these new 
elements. 

POTENTIAL BENEFITS 

Potential benefits from the Barrack Silicon Project include: 

estimated capital expenditures within Australia in excess of $100 
mill ion 

replacement of up to 40% of Australian silicon imports with 
significant balance of payments savings 

direct employment of 350 people during construction and 200 for 
operations plus indirect employment due to economic stimulation 

the application of preferred management techniques in some 
production areas of State Forest 



EVALUATION OF ALTERNATIVES 

The decision to locate the proposed complex at Picton Junction has 
primarily been influenced by the ability of SECWA to provide the necessary 
electricity to the site within a short time frame. The site is also 
proposed for industrial purposes in the Bunbury Region Plan and is close 
to wood and workforce supply areas. Various other sites have been 
considered by the proponent but none offered this unique combination of 
benefits. 

THE CHARCOAL/SILICON COMPLEX 

It is proposed to locate the charcoal/silicon complex within the Picton 
Industrial Estate currently owned by the South West Development Authority. 
The site is adjacent to the South-West Highway and is currently used for 
agricultural purposes and has been partially cleared of vegetation. 
However, in places the site supports a woodland of eucalypts and banksias 
of value to birdlife. As much as possible of this woodland will be 
retained in site development. 

The major components of the complex will be: 

a wood storage area 
a wood docking mill 
two charcoal retorts 
two silicon furnaces and associated product treatment areas 
a baghouse to extract amorphous silica from the furnace off-gases 

The quantities of raw materials and produce involved will be: 

Raw materials 	. quartzite 	 60,000tpa 
wood for charcoal 110,000tpa 
green wood 	 24,000tpa 

Products 	• charcoal 	 27,000tpa 
silicon 	 24,300tpa 

The process and plant are described in detail in Section 4 of the PER. 

5. 	ENVIRONMENTAL MANAGEMENT OF QUARRY OPERATIONS 

The quarry operations will be restricted to daylight hours for 3 to 5 
months each year from autumn to spring. This restriction will complement 
specific noise and dust control measures to ensure that no major 
disturbance occurs to the surrounding rural environment. Groundwater 
requirements for ore treatment and dust suppression purposes will be about 
3,600 litres per day which is well within predicted local aquifer 
capacity. 

A specific site rehabilitation programme will be developed in association 
with the Department of Mines with emphasis on the re-establishment of 
local flora. 
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Ore transport will require about three trains per fortnight which 
represents less than 5% of current rail traffic between Moora and Perth, 
and Perth to Picton. 

The quartzite will be pre-washed at the minesite to minimise the 
possibility of silica dust. 

ENVIRONMENTAL MANAGEMENT OF WOOD SUPPLY 

The environmental management of State Forests and of wood supply for the 
present proposal is the responsibility of the Department of Conservation 
and Land Management (CALM). 

CALM has indicated that volumes of wood greatly in excess of those 
required are potentially available and further that extraction would 
b e n e f i t silvicultural management by economically permitting the 
development of thinning operations in production areas. The Department 
also considers that meeting the requirement would have no significant 
negative environmental impact on the forest. These conclusions are 
supported by specialist consultant reports commissioned for the present 
ERMP and project feasibility studies. 

The wood required is classified as firewood and has no value for timber or 
for poles or other forest produce. This would be obtained as a by-product 
from various sources in the main timber production areas near Harvey and 
Collie and would not involve any areas of State Forest allocated for 
conservation, recreation or landscape protection. 

CALM has indicated that the firewood resources of State Forest production 
blocks in these areas can readily satisfy the requirements of the Silicon 
Project for its 20 year life span. 

Wood harvesting and collection will be managed by specific site 
prescriptions designed to promote forest production and prevent the spread 
of dieback. In addition, a specific study will be funded by the proponent 
to investigate the ecological effects of firewood harvesting. The results 
of this study will be incorporated into site management strategies. 

Wood transport will involve about fourteen round trips by log trucks each 
day on forestry roads and major public roads, all of which are currently 
used for log haulage. 

ENVIRONMENTAL MANAGEMENT OF THE CHARCOAL/SILICON COMPLEX 

The main emphasis of environmental management of the charcoal/silicon 
complex will be on the control of atmospheric and noise emissions. Other 
priorities will be a comprehensive site drainage and collection system and 
site landscaping. 



Atmospheric emissions will be generated by the charcoal retorts and the 
silicon furnaces. The retort emissions will be directed to a high 
temperature incinerator which will reduce all potentially toxic gases to 
nitrogen, oxygen, water vapour and carbon dioxide before discharge from a 
42m high stack. It is considered that those will have minimal 
environmental impact. 

The silicon furnaces will emit amorphous silica in the off-gases. The 
baghouse attached to the silicon furnaces will remove at least 99.8% of 
this dust which will be sold as an additive to cement. However, on 
occasion the baghouse will have to be bypassed for short periods and the 
off-gases will be directly vented to the atmosphere. Direct venting could 
also occur during unplanned events. 

The dispersion of amorphous silica around the plant and the resulting 
ground level concentrations has been calculated using computer models. 
These indicate that ground level concentrations will be within target 
standards during normal operations but may be exceeded during direct 
venting. Operational direct venting will therefore be timed as far as 
possible to avoid wind and other atmospheric conditions which could 
increase the possibility of nuisance dust levels in nearby residential 
areas 

The noise analysis indicates that with suitable noise control measures 
specified in this PER, the plant will generate only a moderate increase in 
noise levels at the nearby residential area of Eaton. 

The site will be drained to a lined evaporation pond which will enable 
waste and run-off waters to be tested and treated if necessary. Some 
discharge to the Preston River may be required at times of heavy rainfall. 
This discharge will require a licence from the EPA. 

The site will be landscaped to provide attractive screening from the 
South-West Highway. 

ENVIRONMENTAL MONITORING 

Environmental monitoring programmes will be implemented at the quarry and 
at the Picton site. Monitoring will also be a component of CALM's 
operations in State Forests. 

At the quarry, this will include assessment of dust, noise, water use, 
flora and rehabilitation. At Picton, it will involve atmospheric 
emissions, dust, noise, site drainage and waste water disposal. 

COMMITMENTS 

To ensure a high level of environmental control for the present proposal 
Barrack Silicon Pty. Ltd. makes the following commitments in this PER: 
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Mining Operations and Transport 

Quarry operations will be managed to ensure minimum noise 
disturbance. 

Dust control will be implemented for both the mining and crushing 
operations and for transported quartzite. 

Site rehabilitation will be developed in the form of a 
rehabilitation plan. This plan will be prepared in close 
consultation with the Department of Mines. 

Wood Gathering and Transport 

The proponent will fund a post graduate research project under the 
supervision of CALM to evaluate the effects of silvicultural 
practices, specifically developed for the silicon project. The 
project will focus on flora and fauna aspects of the forest 
ecosystems. 

Picton Site 

 A comprehensive 	landscape and screening 	plan will be developed to 
minimise the visual 	impacts of the plant to the local area. 

 The 	proponent 	will 	optimise 	water 	conservation and 	recycling 	on 
the 	site 	and 	will 	liaise 	with 	the 	Western Australian 	Water 
Authority 	(WAWA) 	for 	a 	licence 	to 	extract 	bore water for use on 
the 	site. 	Application 	will 	be 	made 	to 	the 	EPA for discharge 	of 
treated runoff to nearby watercourses. 

 The 	proponent 	will 	brief 	local 	authorities with 	respect 	to 
emergency 	contingency 	planning 	and 	safety 	at 	the 	site 	and 	will 
develop a regional 	contingency plan, 	as required. 

 Wood 	handling 	and 	milling 	will 	be 	managed 	using appropriate 	safe 
working practices. 

Wood mill by-products will be preferentially sold and only non-
saleable products will be burnt in the wood waste incinerator. 

Charcoal retorts will be operated under negative pressure to 
minimise fugitive emissions. 

Dust control will be extensively practised where quartzite and 
silicon handling activities occur. 

Comprehensive monitoring programmes for air, noise, water and 
waste will be developed to monitor and control environmental 
impacts in accordance with the requirements of the EPA. 
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SECTION 1 

INTRODUCTION 



1.1 	BACKGROUND 

In January 1987 the Western Australian Silicon Trust published an 
Environmental Review & Management Programme (ERMP) which described in 
detail a proposal to establish a silicon industry in Western Australia. 
This proposal involved a charcoal plant at Coolup and a silicon plant at 
Wundowie. Subsequently, the ERMP was assessed by the Environmental 
Protection Authority (EPA) which recommended that the proposal be allowed 
to proceed subject to certain requirements (Environmental Protection 
Authority 1987). 

In September 1987 Barrack Mines Ltd. acquired the mining tenements and 
other elements of the silicon project from the Western Australian Silicon 
Trust and decided to carry out a review of potential plant sites. This led 
to a decision to construct an integrated charcoal/silicon plant at Picton 
Junction rather than two separate plants at Coolup and Wundowie. The 
company notified the EPA of this alteration to the proposal and were 
informed that, as the changes were significant, further environmental 
assessment would be required. 

This Public Environmental Report describes the proposal by Barrack Silicon 
Pty. Ltd. for a silicon production operation in Western Australia. The 
proposal may be clearly divided into three components: 

Quartzite quarrying and crushing near Moora (approximately 185km 
north of Perth), with rail transport to the silicon production 
plant. 

Timber gathering and transportation from the Harvey and Collie 
Forest Divisions to the plant. 

The production plant, located close to Picton Junction and near 
the City of Bunbury, at which wood preparation, and charcoal and 
silicon production activities will be centred. 

These locations are shown in Figure 1.1. 

All aspects of the proposal are discussed in the PER with particular 
emphasis on potential environmental impacts and environmental management 
and monitoring commitments. Reference is made to the previous ERMP 
(referred to as the Wundowie ERMP) to those elements and commitments which 
have not been altered in the present proposal. 

This PER has been prepared with the unique advantage that public review 
and EPA responses to the Wundowie ERMP as presented in Environmental 
Protection Authority Bulletin No. 279 (1987) were able to be incorporated 
into the proponent's formulation of the present proposal. It has therefore 
been possible to address many of the issues previously raised. 
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1.2 	PURPOSE OF THE PER 

The primary purposes of this PER are to: 

provide a detailed account of the silicon proposal for assessment 
by the EPA in accordance with the provisions of the Environmental 
Protection Act 1986; and 

provide a means by which members of the public, Government 
agencies, and other interested parties, can be informed about the 
proposal and can participate in the assessment process. 

Public review is an integral and important part of the EPA assessment 
process and all interested parties are invited to make written submissions 
on the proposal. A guide to the preparation of submissions is provided at 
the start of the PER. 

	

1.3 	THE PROPONENT 

The proponent is Barrack Silicon Pty Ltd, a wholly-owned subsidiary of 
Barrack Mines Limited which took over the silicon production proposal from 
the Western Australian Silicon Trust in September 1987. 

	

1.4 	THE ENVIRONMENTAL ASSESSMENT PROCESS 

The environmental assessment process in Western Australia is defined by 
the Environmental Protection Act 1986. Essentially it involves the 
following steps: 

Referral of the proposal to the EPA 

EPA requirement that a Notice of Intent, Public Environmental 
Report, or Environmental Review & Management Programme be 
prepared depending on the perceived significance of the proposal 

Preparation of the required report 

General distribution (in the case of PERs and ERMPs) for a 
prescribed public review period 

Analysis of public submissions 

Preparation of a response to submissions by the proponent 

Preparation of Assessment Report by the EPA 

Statutory period for appeals against recommendations in the 
Assessment Report 

Consideration of the EPA Assessment Report and any appeals by the 
Minister for the Environment 

Government decision on proposal 
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If a proposal is allowed to proceed, 
EPA for a Works Approval and Licence 
necessary plant. Conditions set by 
result of the assessment procedure 
approval and licence. 

the proponent must then apply to the 
in order to construct and operate the 
the Minster for the Environment as a 
will be incorporated into the works 

	

1.5 	STATUTORY FRAMEWORK 

Barrack Silicon Pty. Ltd. will be required to satisfy the various 
licensing and other requirements of Government and Local Government 
authorities as well as the EPA, to be able to build and operate the 
silicon plant. These include the Shires of Moora and Dardanup, the 
Department of Mines, Western Australian Water Authority, Fremantle and 
Bunbury Port Authorities, Main Roads Department, Department of Transport, 
and Department of Occupational Health, Safety and Welfare. 

Of particular relevance are: 

The Mining Act 1978-81 and Mining Regulations 1981 
The Mines Regulations Act 1976 and associated Regulations 
The Wildlife Conservation Act 1950-1979 
The Aboriginal Heritage Act 1972-1980 
Local Government Act 
Rights in Water & Irrigation Act 1914 
Construction Safety Act 1972 
Machinery Safety Act 1964 
Factories & Shops Act 1963 

The proponent is currently in the process of applying for the necessary 
permits under these and other statutes. 

	

1.6 	AGREEMENT ACT 

The operations of the Barrack Silicon Projeci 
Agreement between Barrack Silicon Pty. Ltd. 
Government and a corresponding Agreement Act 
drafted. 

will be prescribed by an 
and the Western Australian 
which is currently being 

1.7 	PROPOSAL TIMEFRAME 

The silicon project is based on a 20 year lifespan and calculations 
relating to raw material resources, economic payback periods for capital 
works and anticipated markets are based upon this period. 

In regard to raw material resources, quartzite reserves have been assessed 
as capable of meeting the project's requirements for at least the next 20 
years. In addition, the Department of Conservation and Land Management has 
conservatively estimated that timber resources can supply production needs 
in excess of the project's 20 year lifespan. 



SECTION 2 

NEED FOR THE PROPOSAL 



2.1 	LOCATION - WESTERN AUSTRALIAN RESOURCES 

A combination of raw materials available in the south-west of Western 
Australia offers an opportunity to develop an industry capable of 
producing silicon of high purity. Such an industry will generate 
significant employment and revenue and provide a much needed stimulus to 
high technology industries both in Western Australia and nationally. The 
industry will have some environmental impact but on the other hand it will 
also promote some desirable environmental management and conservation 
initiatives. 

2.2 	ECONOMIC AND SOCIAL BENEFITS 

2.2.1 	Capital Costs, Revenues and Royalties 

Total cost of the Western Australian Silicon Project has been estimated at 
$120 million (as of May 1987). It is not possible to estimate at this 
stage total expenditure within Australia, but it is expected that 
Australian sourced design, equipment and materials will constitute over 
85% of total cost. In addition, payments to Commonwealth and State 
Governments in the form of taxation and royalties for quartzite and wood 
will be in the order of $100 million in present day dollar terms over the 
project life. 

2.2.2 	Imports and Exports 

In 1986-87 the total cost of imports of silicon metal to Australia was in 
excess of $9.6 million. It is predicted that the Western Australian 
Silicon Project could provide approximately 40% of this demand. This would 
represent significant balance of payment savings ($77 million) during the 
lifetime of the project. 

Total earnings from export of the product to major markets of Japan, 
Europe and USA are expected to exceed $1,000 million, in present day 
dollar terms. 

2.2.3 	Employment 

The construction workforce for the Barrack Mines Project is expected to be 
in the order of 350 and the operational workforce is expected to be about 
120. In addition more than 80 persons will be employed by contractors for 
quarrying, wood collection, transport and other requirements. It is 
further estimated that about another 205 permanent jobs will be created by 
consequential employment as a result of general economic stimulation due 
to project expenditure. Permanent employment creation will therefore be in 
the order of 405 jobs. The calculation of this flow-on effect is discussed 
in detail in the Wundowie ERMP and is based on the Community Needs Study 
prepared for the proposed Kemerton aluminium smelter (Dames & Moore, 
1985). 



Employment will centre on the silicon/charcoal production site and as a 
consequence there would be economic and social stimulation in the Bunbury 
area. 

	

2.2.4 	Forest Products 

A combination of past logging and dieback disease has generated large 
quantities of dead wood in the Jarrah forests of Western Australia. 
Silvicultural practices such as thinning and clearing for bauxite mines 
also generate waste wood. The manufacture and use of charcoal in the 
present proposal will create a demand for such forest produce which was 
formerly of little or no realisable economic value. This will enable the 
application of preferred silvicultural techniques currently limited by 
cost. At present the only alternative use for this timber is domestic 
firewood which does not fully utilise the resource. 

The amount of wood currently available in the forest, and forest 
management based on allocation of sufficient areas to meet both domestic 
and industrial demand, will ensure that there is no net competition 
between consumers for the available wood resource. 

	

2.2.5 	Conclusion 

The analysis presented above indicates that the Barrack Silicon proposal 
offers considerable social and economic benefits locally, to the State of 
Western Australia and to the nation as a whole. The project offers 
potential for Australia to become a major exporter of silicon metal with 
consequent gains in taxes, improved balance of payments and the 
establishment of high technology, silicon based industries. 

Further, the return from revenue expenditure and royalties will be 
significant. Employment will be generated with more than 400 direct and 
consequential jobs in the construction and operational phases. 

Construction of the silicon facility at Picton Junction would provide 
decentralisation benefits and additional stimulus to the Bunbury region, 
including forest production. In terms of raw materials, demand for 
charcoal logs will provide a mechanism for the Department of Conservation 
and Land Management to improve forest management by the utilisation of 
waste wood. 

These diverse benefits would not be realised if the project were not to 
proceed. 
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SECTION 3 

EVALUATION OF ALTERNATIVES 



	

3.1 	SILICA DEPOSITS 

In 1979, following a preliminary feasibility study on the establishment of 
a silicon metal project, an extensive exploration programme was undertaken 
to locate a suitable high-grade silica deposit. Various deposits in the 
south-west and eastern Goldfields regions of Western Australia were tested 
but none of significant tonnage potential met purity requirements. 

Attention was then given to the Noondine Cherts near Moora. A wide 
variation in silica quality was found in deposits south of Coomberdale, 
but a suitable orebody was located in a restricted area. This deposit 
(known as Moora II) offers the only known potential in WA for developing a 
silicon project. 

	

3.2 	CHARCOAL AND SILICON PLANT SITES 

Since 1985, three different companies have developed proposals to 
establish a high-grade silicon industry based on the Moora II deposit. The 
first of these, Cliffs International Inc. investigated a number of 
potential sites for silicon furnaces and for the associated charcoal 
plant. This process of site selection is described in the Wundowie ERMP. 
It included economic, environmental and infrastructure supply factors of 
sites at Wundowie, Mundijong, Rockingham, Kwinana, Worsley, Midland, 
Dwellingup, Middle Swan and Bullsbrook. 

Eventually the Bullsbrook site was selected as the preferred option and an 
ERMP was prepared. However, before the ERMP was published, the proposal 
was transferred to Agnew Clough Pty Ltd which joined with the Australian 
Industry Development Corporation (AIDC) to form the Western Australian 
Silicon Trust. The Trust re-evaluated the various site options and 
developed a proposal to establish the charcoal plant at Coolup and the 
silicon plant at Wundowie. The Coolup site provided optimal transport 
costs for wood from the nearby State Forest, while the land and 
infrastructure at Wundowie was already owned by Agnew Clough Pty Ltd. The 
Wundowie ERMP for the Silicon Project described these sites in detail. 

When Barrack Mines Ltd acquired the Moora deposits, site options for both 
the silicon and charcoal plants were again re-evaluated as an alternative 
to the company exercising an option to purchase the Wundowie site from 
Agnew Clough Pty Ltd. This new evaluation also sought to integrate the 
charcoal and silicon plant to achieve capital and operating cost savings. 
It compared the previous Wundowie/Coolup option with sites at Wagerup, 
Worsley, Picton Junction, Kemerton, Kwinana and Pinjarra. 

Each of the sites evaluated had to satisfy various factors in order to be 
considered as potentially suitable. These included: 

suitable site conditions, ie topography, geology, drainage, 
accessibility etc. 

availability of services, power, water, telecommunications etc. 



environmental suitability 

accessibility to transport and port facilities 

availability of skilled workforce and service industries 

The comparison therefore essentially involved costs related to: 

power supply 
water supply 
land 
construction 
engineering and management 
labour 
working capital 
transport of raw materials and product 
environmental impact assessment and management 

The potential Kwinana site was rejected early in the evaluation because of 
perceived wood transportation problems. Similarly, the Wagerup and Worsley 
sites had significant disadvantages relative to the other options in terms 
of distance from urban centres from which a construction workforce could 
be drawn. 

The Coolup site presented difficulties in terms of electricity supply in 
that SECWA has advised that installation could take up to 2.5 years. SECWA 
has also advised that a power supply can be more readily provided at 
Picton. 

The Coolup area offered significant advantages in terms of wood haulage. 
However, the Picton site offers comparable costs provided that suitable 
wood supply can be based in the Collie region rather than at Dwellingup. 
The Department of Conservation and Land Management has indicated that wood 
supply can be achieved at least in part from the Collie area. Similar 
factors also apply to the Kemerton site but this is slightly more distant 
from the wood source areas than is Picton, so the latter has some 
significant cost advantage. 

Also according to the Bunbury Regional Plan, the Picton site is to be 
zoned for industrial purposes. 

Therefore Picton has been selected as the preferred option for the 
integrated silicon/charcoal complex as it offers a location already 
planned for rezoning for heavy industry to which a more secure long term 
power supply can be provided with the promise of availability of power to 
the site in an economically viable time frame. It has the advantage of 
being located in close proximity to the second largest city in Western 
Australia, providing significant ongoing benefits in terms of stable 
workforce, lower infrastructure burdens and improved availability of 
essential goods and services. The selection is also in line with the State 
Government's commitment to developing the Bunbury Region as a major 
industrial centre. 



SECTION 4 

CHARCOAL AND SILICON PRODUCTION 



4.1 	THE LOCATION 

4.1.1 	Location - Cadastral 

The proposed project plant operations will be centred near Picton Junction 
and close to the City of Bunbury, 180km south of Perth (Figure 4.1). The 
land is located within the Picton Industrial Estate, currently owned by 
the South West Development Authority. The proponent has negotiated for the 
purchase of Collie Location Lots 42 and 43 on Temple Road, and Lot 49 on 
South Western Highway, an area of approximately 191ha. 

4.1.2 	Physical Features 

The site is located on the Swan Coastal Plain and covers part of the 
Guildford Complex, the Bassendean Dunes, a series of gently undulating 
dunes. The proposed plant site is on a flat plain of fluviatile sediments 
composed of medium to well sorted, unconsolidated, grey quartz sands. 

Groundwater resources occur in the Leederville Formation. Drainage is 
probably through the Guildford Formation and towards the Preston River to 
the south of the site, over the Leederville Formation. 

4.1.3 	Biological Features 

The region's vegetation has been described (State Planning Commission of 
WA, 1987) as Bassendean Complex - a mixed woodland of Jarrah 
(Eucalyptus marginata), Marri (E. ca7ophy77a) and Sheoak 
(Casuarina fraserana) with banksia and melaleuca species. Sedgelands 
occur on moister sites. 

The site is a typical example of this complex. It supports a mixture of 
cleared pasture land close to the South Western Highway with clumps of 
Swamp Paperbarks (Melaleuca rhaphiophylla) 4-5m in height. Swamp 
Paperbarks increase in density, and occasional Marris to 15m occur on 
upper slopes towards Eaton. Relatively thick stands of paperbarks cover 
between 20% and 30% of the area proposed for the plant buildings, and on 
the higher ground stands of Marris and Peppermints (Agonis flexuosa) 
occur. Significant parts of the site also support a woodland of Marris, 
v a r i o u s banksias (B. attenuata, B. grand/s. B. ilicifolia) and 
Christmas Trees (Nuytsia floribunda) above pasture and scattered 
shrubs including Zamia Palms (Macrozamia reidlei), Hibbertia 
hyperico ides, and Xanthorrhoea minor. 



The typicality of the vegetation indicates that the vertebrate fauna at 
the site will also be typical of the region. Incidental records of fauna 
made during site inspections support this conclusion, and suggest that the 
dominant fauna are birds which exploit the woodland niche available. For 
example birds recorded to date are: 

Port Lincoln Ringneck 
Red-capped Parrot 
Shining Bronze-Cuckoo 
Sacred Kingfisher 
Laughing Kookaburra 
Rufous Whistler 
Grey Shrike-Thrush 
Grey Fantail 
Willy Wagtail 
Splendid Fairy-Wren 
Western Gerygone 
Red Wattlebird 
Brown Honeyeater 
Australian Magpie 
Australian Raven 

Barnarduis zonarius 
Purpureicephalus spruius 
Chrysicoccyx lucidus 
Halcyon sancta 
Dacelo novaeguineae 
Pachycephala rufiventris 
Colluricincla harmonica 
Rhipidura fuliginosus 
Rhipidura leucophrys 
Malurus splendens 
Gerygone fuscus 
Anthochaera carunculata 
Lichmera indistincta 
Gymnorhina tibicen 
Corvus corono ides 

4.1.4 	Land Use 

The regional setting for the proposed site is semi-rural, with excellent 
access to industrial, commercial and social infrastructures. Industrial 
activities in the region include mining of bauxite, gold, heavy mineral 
sands and coal. Processing plants exist for alumina refining and power 
generation. 

The dominant current land use of the local area is agriculture. The soil 
is highly leached, generally of low fertility and has been classified as 
suitable only as pasture land for low density beef cattle grazing. 

However, the Bunbury Region Plan (SPCWA, 1987) has proposed zoning the 
location for future industrial expansion (as shown in Figure 4.1), 
highlighting such advantages to general industry as the availability of: 

Skilled and unskilled labour force within 20km and 15 minutes 
commuting distance for both construction and operational 
purposes. 

Experienced professional staff, partly due to the three 
world-scale alumina refineries within one hour's drive of Picton 
Junction and other industrial activities associated with heavy 
mineral sands processing and coal fired power generation. 

A substantial range of medical, educational, and cultural 
community services. 

Good road and railway links with the rest of the State and the 
nearby Port of Bunbury. 
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Commercial and industrial activities in and around the Bunbury-Picton 
region will help smooth construction, operation and maintenance of the 
project. Costs in mobilising essential support services will also be 
minimised as most are expected to be available within the City of Bunbury. 

	

4.1.5 	Site Layout and Orientation 

A preliminary site layout plan is shown in Figures 4.2 and 4.3. The plan 
shows the location of principal components of the facility, including: 

the main administration and laboratory building 
the wood docking areas 
the charcoal production plant and emergency stockpile 
the quartzite stockpile 
the silicon furnace building, and 
the baghouse facility 

This orientation was selected by the proponents primarily because of 
foundation restrictions which limited the positional options for placement 
of the major plant structures. 

	

4.1.6 	Services 

A distinct advantage of this site over many others is the availability of 
services, especially the guarantees from SECWA of a secure supply of 
electricity from a double circuit line allowing the silicon plant to be 
fed either directly from the Muja power station or indirectly via the main 
Picton substation. 

In addition, transport access to the proposed site is readily available 
from both road (South Western Highway) and rail (Picton Junction railway 
operations). 

Workers having the variety of skills required for operation of the plant 
or capable of developing such skills with adequate training are readily 
available within the Bunbury region, and a strong construction base is 
also available in close proximity. 

In addition, water and telephone services are available nearby to the 
site. 
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4.2 	THE SILICON PROCESS 

4.2.1 	General 

Silicon is produced by the high temperature reduction of quartzite in a 
submerged arc furnace. Charcoal and wood blocks are added to the furnace 
as a reductant and stabilising agent respectively. The silicon metal is 
tapped through holes at the bottom of the furnace and cast in moulds. The 
process also generates significant quantities of fine amorphous silica or 
fume which is entrained in exhaust gases. The fume is collected by passing 
the gas through a series of filter bags in a baghouse linked with each 
furnace and is stored in silos prior to sale as a by-product. The chemical 
processes which occur in the reduction furnaces are illustrated in 
Table 4.1. 

The various components of the silicon plant are described in more detail 
below. A plan view of the plant is shown in Figure 4.2. The wood stockpile 
will be located near the log pile bunkers shown in this figure. A 
preliminary plant layout is given in Figure 4.3, a flow chart of the 
sequence of operations in Figure 4.4. 

4.2.2 	Quartzite Ore Storage 

Approximately 60,000 tonnes of ore will be delivered by rail from the 
quarry at Moora to Picton Junction each year. It will then be trucked to 
an ore stockpile sited close to the process plant and furnaces (see 
Figure 4.2). This stockpile will contain sufficient supplies for at least 
one month's production or approximately 5,000 tonnes. 

4.2.3 	Raw Material Storage and Feed 

Quartzite will be collected from the stockpile with a front-end loader and 
fed through a hopper onto a conveyor belt which will discharge into two 
steel storage bins, fitted with abrasion resistant liners, each with a 
capacity of about 90 tonnes. The hopper, belt feeder and conveyor system 
will be fitted with water mist sprays for dust suppression. 

Charcoal will be transported direct from the retorts via a conveyor belt, 
and screened to remove any fine material. Sized charcoal will be 
discharged via a conveyor into intermediate storage bins. Each charcoal 
bin will be fitted with an inert gas purging system, in case of 
spontaneous combustion. 

There will be five raw material bins, incorporating two quartz bins, two 
charcoal bins and one dual feed woodchip bin. All bins are nominally 
150m sized to allow a maximum of 48 hours capacity, based on single 
shift loading (on day-shift) 6 days per week. 
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TABLE 4.1 

THE REDUCTION OF SILICA 

In chemical terms, the reduction of silica (Si02) to silicon (Si), using 
a carbon reductant, involves the overall reaction: 

Si02  + 2C = Si + 	2C0 	 (1) 
(silica) + (carbon) = (silicon) + (carbon monoxide) 

This reaction involves the absorption of a considerable quantity of heat 
and requires high temperatures (in excess of 3,000°C around the 
electrodes). In practice several side and intermediate reactions also 
occur within the furnace including: 

Si02  + 3C = SIC + 	2C0 	 (2) 
(silica) + (carbon) = (silicon carbide) + (carbon monoxide) 

Si02  + C = SiO + 	CO 	 (3) 
(silica) + (carbon) = (silicon monoxide) + (carbon monoxide) 

In the hotter parts of the furnace the silicon carbide reacts with the 
silicon monoxide: 

SIC + SlO = 2S1 + 	CO 	 (4) 
(silicon + (silicon = (silicon) + (carbon monoxide) 
carbide) monoxide) 

In the middle regions of the furnace silicon monoxide reacts with carbon 
to produce silicon carbide: 

SlO 	+ 	2C 	= 	SiC 	+ 	CO 	 (5) 
(silicon + (carbon) = (silicon carbide) + (carbon monoxide) 
monoxide) 

In the cooler regions of the furnace near the surface, silicon monoxide 
condenses and disproportionates to silicon and silica: 

2S10 	 = Si 	+ S107 	 (6) 
(silicon monoxide) = (silicon) + (silica) 

Any silicon monoxide escaping from the furnace is oxidised by ingressed 
air under the hood to amorphous silica: 

SiO 	 + 1/2 02 	= S102 	 (7) 
(silicon monoxide) + (oxygen) = (silica) 
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Quartz, charcoal and wood blocks will be discharged from each of the raw 
material bins via needle gate valves and vibratory feeders into individual 
weighing bins. 

The weighed raw material charges will be transferred from each weighing 
bin via a vibratory feeder and belt conveyor into the burden containers. 
There will be two burden containers for each furnace and each container 
will have three compartments, one for charcoal, one for quartz and one for 
wood blocks. The burden containers will be fitted with a bottom discharge 
system and a rotating table will be provided for each furnace to allow 
uniform loading of the burden containers. 

Two monorail cranes with one guiding frame will be used on each furnace to 
transfer the burden containers from the rotating table to the furnace 
charge bins. 

Each furnace will be supplied with seven furnace charge bins, six for 
burden and one for correction material. These will be filled with material 
from the burden containers. The furnace bins will be located in rows of 
three on opposite sides of the furnace and outside the electrode circle. 
Burden will be fed to the furnaces from the charge bins via stationary 
chutes, fitted with vibrating feeders. This number of charge bins ensures 
good distribution of materials within the furnace. Correction material, if 
required, will be fed via a burden bucket fitted to one of the stoking 
machines. Three hydraulically powered charging and stoking machines will 
be supplied to ensure satisfactory feed to both furnaces. Two will be used 
for intermittent stoking of the burden and where necessary charging of 
correction material, and the third will be available as a standby unit. 

The shell of each furnace will be refractory lined and mounted on a ring 
gear and pinion shell rotating system which is electrically driven with 
automatic timing control. 

4.2.4 	Reduction Furnaces 

Two submerged arc electric open furnaces will be used to produce initially 
up to 24,300 tpa of silicon metal. Each furnace will have three carbon 
electrodes which are automatically and continuously fed into the 
quartz-charcoal -wood block charge. 

Each furnace is capped by a hood with a circumferential opening for the 
ingress of air. This hood is refractory lined and water cooled, and fitted 
with a revolving chain curtain to partially enclose the furnace while 
still allowing ready access for the stoking machine to stoke the burden. 

In order to assist in retaining the optimum bed porosity required for 
uniform gas contact with the charge and to break up crust formations, the 
furnace is rotated very slowly in relation to the fixed electrodes. The 
addition of wood blocks also improves porosity in the smelting zone. 

Multiple holes at the base of the furnace are tapped intermittently to 
drain silicon metal from the furnaces. A refractory lined fume hood will 
also be fitted over the furnace tapping area and ducted back to the 
furnace gas hood. 
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4.2.5 	Dust Collection 

The exhaust gas from each furnace and the entrained amorphous silica fume 
will be collected by the furnace and tapping area hoods and ducted through 
a cyclone unit and a baghouse (Figure 4.5). The temperature of the furnace 
gas will be reduced prior to entry into the baghouse by dilution air drawn 
in by a large fan. The baghouse itself consists of a large number of 
fibreglass filter bags arranged in a total of sixteen compartments. At 
start up these bags trap the fume and a filter cake develops which in turn 
increases the capture efficiency of the system. Efficiency is also 
increased by utilising dilution air in small quantities to lower the 
temperature of the exhaust gases. The baghouse filtration velocity of 
0.5rn/min. has been conservatively designed to provide maximum gas 
retention time and thereby inaximise removal efficiency. 

Proven, reliable design and temperature resistant fibreglass combine to 
give one of the best dust collection systems available. Manufacturers 
claim that 99.8% of the fume will be collected before the gas is 
discharged to the atmosphere through a slot vent running the full length 
of the baghouse roof. 

Bag filters are cleaned periodically by automatically controlled reverse 
flow fans or shakers. At such times the fume will be discharged below the 
baghouse into a sealed collection system from where it will be 
pneumatically transferred to two 260m' storage silos. From these, the 
dust will be moved by enclosed screw conveyors to a single storage bin. 
Production of 24,000 tpa of silicon will result in around 8,000 tpa of 
silica fume which will be sold as a by-product. 

It is expected that the greater proportion of silica fume generated from 
furnaces can be marketed to premix concrete firms or other high 
value-added consumers who would collect and transport the dry dust in 
sealed road tankers to premix concrete depots; or take the material into 
their storage facilities prior to further end-use. A recent analysis has 
shown a local demand for the silica fume which is in excess of anticipated 
generation rates. 

In addition to the major fume collection system further measures will be 
applied to maintain a clean working environment. The building housing the 
electric furnaces will be steel-clad and enclosed with room ventilation 
directed towards the furnace exhaust duct. Fugitive dust settling in the 
building will be regularly and routinely removed by industrial vacuum 
cleaners. 

Baghouse eçficiency will limit the amount of entrained fume to a maximum 
of 50mg/rn . Under normal operating conditions typical fume emission 
levels should be of the order of 5mg/rn or less. The variation in 
emission level will depend on such factors as the development of filter 
cake and operating temperatures. 
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4.2.6 	Waste Water 

Waste water frqm the cooling plant may need to be bled off from time to 
time. About 2m per day of water containing corrosive inhibitors will be 
removed. A disposal strategy for this waste water will be developed in 
consultation with the EPA after chemical analyses have been made. 

	

4.2.7 	Final Processing 

Silicon ingots will be broken out of the casting moulds, and the silicon 
in large lump form will be stored in an intermediate product storage area. 

Provision will also be made in the plant layout for the incorporation of a 
product refining circuit to meet chemical grade specifications. For this 
purpose silicon metal tapped from the furnace will be held in ladles. 
Oxygen will then be blown into the lower zone of the ladle via a graphite 
tube to remove aluminium, calcium and other contaminants prior to casting. 
The intermediate crushed product is stored in bulk in concrete bunkers 
classified in various chemical grades according to customer specification. 
In accordance with shipment requirements intermediate product is passed 
through a crushing and screening plant to produce final product in size 
ranges from -100mm down to -25mm. The crushed final product is loaded into 
sea containers or bulk bags for export. 

	

4.2.8 	Utilities 

Compressor Air 

A 1,400m3/h compressed air supply will be provided for plant air 
requirements. A dryer will be provided for instrument air requirements. 

Cooling Water 

A water treatmen plant for the furnace hood cooling water will be 
ins3alled. A 30m tank will be provided for deionised water and an 
80m tank to supply the cooling water pumps. 

Disposal of waste water is discussed in Section 4.2.6 above. 

Liquid Oxygen 

An oxygen supply is required for lancing furnace tap holes, and for metal 
refining. Accordingly an oxygen storage facility of about 6,000 litres is 
planned. This storage facility will be isolated from the heat of the 
furnace, and fire hydrants will be installed in the general area. 
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Process Instruments and Control 

Instrumentation and control of the furnace process will be supplied and 
installed as part of the furnace contract package. All instrumentation 
will be designed for ultimate connection to a computerised process control 
centre. 

4.2.9 	Infrastructure 

Electricity Supply 

Total electricity requirements for the process plant are estimated at 
45MW. The two furnaces require a maximum of 20MW of electricity each. 

Electricity supply for the silicon project will be transmitted by two 
lines, one from Muja Power Station, the other from the Picton Substation. 
These will be dedicated to a new 132kV switchyard on the property border. 
Any interruptions to power supply will be of minimal duration since power 
can be received from either line. 

Water Supply 

Water will be supplied from bores which will tap the Leederville Formation 
groundwater source. These bores will be used for all plant requirements 
including workforce facilities, dust suppression, furnace hood cooling, 
charcoal cooling and fire protection needs. Water will be pumped to a 
reservoir at the highest suitable location. A treatment plant adjacent to 
this reservoir would hen remove excessive iron. The estimated daily 
requirements are 220m . Bores will also provide water for landscape 
planting and similar site requirements. 

It is proposed that sewage be disposed of by pumping from the site to the 
existing Eaton 3Sewerage Treatment Plant owned by the WAWA. Expected sewage 
flow is 14.5m per day based on a site population of 150 persons. 
Treatment of sewerage off site is favoured due to the risk of shallow 
aquifer contamination. 

Roads and Parking 

Plant entrances will be provided from a road which will approach the site 
along a north-south route off the main South West Highway. A specific 
entrance will be provided for log haulage vehicles for safety. 

A gatehouse and 60t weighbridge capable of handling trucks will be 
installed at the amenities building and an on-site car park for light 
vehicles will be developed nearby. 

First-aid and changehouse facilities will be established adjacent to the 
amenities building. 
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1.5km of new roads will be constructed from the main entrance road into 
the furnace plant area providing access for raw materials and equipment 
delivery, and for product transport of the site. 

Fencing 

The central area around the furnace site will be fenced with chain wire 
and barbed wire topping. 

4.2.10 	Product Transport 

Silicon will be transported to Fremantle Port by truck or rail at a rate 
of 1,100 containers or 550 truckloads per year (about 10 trucks per week). 
Transportation by either road or rail will not materially affect existing 
route capacities. 

4.3 	THE CHARCOAL PRODUCTION PROCESS 

4.3.1 	General 

The Barrack Mines Silicon Project proposal is unique in the world in 
having nearby a virtual single species hardwood forest able to supply a 
low ash high carbon raw material to the silicon project. This is one of 
the major advantages of the project over international competitors and 
should lead to both high quality silicon metal and cost efficient 
production operations. 

Charcoal will be the carbon source for the silica reduction reaction (1) 
described in detail in section 4.2.1 as 

5i02 	+ 	2C 	= 	Si 	+ 	2C0 	 (1) 
(silica) + (carbon) = (silicon) + (carbon monoxide) 

Charcoal can be defined as the carbonaceous residue of substances, 
especially wood, that have undergone smothered combustion, or burning 
without sufficient oxygen. 

Charcoal can be obtained from any organic substance, but wood is the usual 
raw material because of its ease of processing and minimal by-product 
production. Wood has an average elemental composition of: 

carbon 	48.5 - 50.5% 
hydrogen 	6.0 - 7.0% 
oxygen 	43.0 - 45.0% 

However, the chemical configuration of these elements varies widely and is 
extremely complex. Considerable effort has been made by the proponent in 
the selection of charcoal wood. Hardwood Jarrah 	(E. marginata) was 
chosen for its high purity and availability. 
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4.3.2 Timber Storage and Feed 

Timber will arrive at the plant by roadtrucks during daylight hours Monday 
to Friday (Section 6.4) and will be placed in a delivery stockpile. As 
trucks will deliver wood for backshift operations during day-shift, surge 
capacity will be provided adjacent to the docking mill. This will be 
serviced by a manned rail-mounted grapple or frontend loader fitted with 
log forks. 

Logs will be assigned by the frontend loader on a diameter basis to either 
the small log system (500mm diameter or less) or the large log system 
(greater than 500mm diameter). Both systems will be fed by the frontend 
loader, based on the typical distribution of logs from the forest. 

The small log system will use a troughed log haul with hydraulically 
driven pusher log chain, feeding into a revolving log storage chamber. The 
principal components of this line have been proven in operation in other 
sawmills throughout the Western Australian timber industry. 

A chopsaw will cut off the leading 1,100mm (approx.) which is enclosed in 
the revolving chamber. This length will then be rotated through a bank of 
saws to produce 150mm long blocks. The resultant "cheeses" will move to a 
splitter station where each will be pressed onto a set of splitter blades. 

The overall operation will be co-ordinated so the hydraulic ram will 
operate at the same time as the re-loading and chop saw operation. This 
will synchronise noise generation and machinery activity thus minimising 
the duration of noise. Retraction of the hydraulically actuated splitter 
ram will automatically initiate the next log off-cut through the gang saws 
and the cycle will then be repeated. 

Cut and split billets will discharge to a vibrating screen conveyor which 
will remove fines and will then be deposited on to an elevated outfeed 
belt conveyor. 

Large logs will be loaded by the frontend loader into a walking beam 
floor cradle with the capacity to hold several logs at once. A twin 
cut-off saw of 1.9m width by 2m height will move through the log(s) to 
slice off 150mm cheeses. The cheeses will then be conveyed to the splitter 
press and crowded against an impact plate. The press will cycle 
automatically and continuously, splitting the cheeses into two directions 
on each stroke and discharging the billets to a vibrating screen conveyor, 
which will separate the fines from the billets prior to billet deposition 
onto the elevating conveyor. 

The billets or docked wood will either be fed to: 

a three week storage area adjacent to the charcoal retorts, or 

a 35,000 tonne (max) docked wood storage and drying area, 
providing for nine months green docked block retention. 
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In the three week storage area, excess wood moisture remaining in the 
timber billets after docking will be reduced to the average 25% (wet) 
moisture content required to achieve the design throughput of charcoal 
retorts. 

Research and prior operating experience by the proponent has proven this 
process to be effective in achieving the required dry wood source for 
charcoal production. 

4.3.3 	Charcoal Production 

The 30 years of operational and engineering experience associated with the 
running of charcoal retorts at Wundowie has been used extensively in 
planning the charcoal plant proposal at the Picton site. In addition, 
recent innovations in emission control and automated operation have been 
incorporated into the proponent's design concepts. 

For the purposes of conceptual design the following key assumptions have 
been applied: 

log timber to charcoal ratio 
docked timber to charcoal ratio 
charcoal specification 
- 	fixed carbon 
- 	volatile matter 
- 	moisture content of charcoal 
- 	size of timber feed (approx.) 
- 	fines in charcoal 
plant capacity 
- 	charcoal production 
- 	annual wood feed 
plant availability 
operation 

4.1 : 1 
3.6 	1 

92 - 96% 
7% max 
0.2 - 0.6% (0.3% av.) 
1 5Ommxl5Ommx25Omm 
less than 6mm (10% max.) 

27,000tpa 
95, 400tpa 
95% 
5,552 hours/year 
2 shifts x 347 days/year. 

The proposed charcoal retort system will comprise the following main 
components: 

Block Recovery 
Block Debarking and Cleaning Drum 
Retort Feed System 
Retorts 
Gas Handling Systems 
Charcoal Withdrawal System 
Charcoal Screening and Handling 

These components are briefly described below and some are shown in 
Figure 4.6. 
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Block Recovery 

Block timber from the docking mill or from the drying stockpile will be 
fed into the drum debarker by a Caterpillar 926 loader or equivalent on a 
continuous 24 hour basis. The storage area will be on a concrete slab and 
will be floodlit for night operation. This storage will be replenished 
during daylight hours to hold up to three weeks total wood requirements. 

Block Debarking and Cleaning 

The debarker is effectively a slotted trommel which tumbles the wood as it 
is transported from inlet to outlet. The tumbling action provides a 
cleaning operation as the wood impacts the drum sides and blocks collide. 
Research by the proponents has established that at a moisture content of 
25%, bark, trash and other contaminants will be readily separated from the 
main wood stream and a clean feed to the retorts will result. 

Retort Feed System 

From the debarking and cleaning unit, blocks will be fed by conveyor to 
one of two elevating skips. A retort sealing system at the top of the 
charcoal retorts will allow blocks from the skips to be delivered into the 
retorts while ensuring that the inert internal retort gases cannot escape 
to the atmosphere. 

Retorts 

The retorts are two vertical stainless and mild steel cylinders, each 
26.2m high and 3.5m in diameter. 

Wood will enter the top of the retorts at ambient temperatures and will be 
rapidly heated to approximately 2500C. As the wood descends through the 
retort under its own weight, it will gradually be further heated to 
6500C. During this heating process, carbonisation or charcoal formation 
will occur. 

As the charcoal descends to the lower section of the retort, it will be 
cooled to around 600C, ready for discharge. 

Stainless steel will be used in the high temperature areas with mild steel 
for the cooling zone. Heat loss and noise suppression lagging of the 
retorts for heat loss and noise suppression will also minimise condensate 
build-up on its walls. There will be no lining as operating experience 
from many years of wood/charcoal production has been shown internal wear 
on the retorts to be minimal. 
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Gas Handling System 

The carbonisation of wood to charcoal produces retort gases with an 
approximate percentage composition by mass of: 

Water vapour (H20) 40.5% 
Nitrogen (N2) 34.1% 
Carbon dioxide 	(CO,) 21.5% 
Carbon monoxide (CO) 1.4% 
Tars 1.6% 
Mixed hydrocarbons (CnHm) 0.9% 

These retort gases are fed to a special off-gas incinerator designed to 
burn (decompose) the tars, mixed hydrocarbons (mostly methanols and acetic 
acids) and carbon monoxide to carbon dioxide. The incinerator has been 
designed to handle the total gas produced from both retorts at maximum 
through-put levels and will be located at the base of the retorts, close 
to the gas outlet piping. A stack for this incinerator will be mounted 
parallel to the vertical retorts and will rise 5m above their tops giving 
an overall height to the structure of 42m. 

The incinerator has been designed to reduce all potentially toxic gases to 
their non-toxic form and will produce an emission gas with an appropriate 
percentage composition by mass of: 

Water vapour (H20) 	 7.2% 
Nitrogen (N2) 	 69.4% 
Carbon dioxide (CO2) 	 5.3% 
Oxygen (02) 	 18.1% 

The sulphur content of wood is so low that the SO2  content in the 
emission gases will be negligible. It is considered that no odour problems 
will arise from these emissions given their low SO2  content. 

Charcoal Withdrawal 

A two gate system will be provided under the retorts to permit extraction 
of charcoal. Once the chamber between the gates is filled with charcoal, 
the upper gate closes. The lower gate then opens, discharging charcoal 
onto a conveyor belt. The lower gate then closes and the upper gate opens 
to recommence the cycle. 

This batch discharge system is the key control component of the retorts. 
Through timing of the gates, the draw down rate and hence wood retention 
times are controlled. This control is especially important as variations 
in wood sourcing and wood moisture necessitate modifications to retention 
times inside the retort. 



Charcoal Screening and Handling 

Charcoal will be transferred from the retort discharge to an elevated 
conveyor which will transport it to the screening station. Lump charcoal - 
fractions above 6mm - will be gravity fed onto a further conveyor which 
will transport it either directly to the silicon furnaces or to a short 
term storage stockpile. Charcoal fines - less than 5mm - will be gravity 
fed to another conveyor which will load into 80 cubic metre bins for 
subsequent sale in the Perth market. 

Fire Control 

The charcoal process requires a comprehensive fire suppression system. 
This will consist of a water tank and pumping station which will feed a 
ring main and hydrant system around the charcoal retorts and docking mill 
area. A sprinkler system will be installed for fire protection in the 
docking mill. 

Mains water supply may also be used and analysis of the need for 
additional pumping stations will be carried out during the detailed design 
stage. 

The plant will be provided with a firetruck service and hand-held and 
portable fire extinguishers will also be located as required in the plant 
area and all buildings. 

Personnel will be trained in fire-fighting procedures and equipment 
locations will be clearly marked. 
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SECTION 5 

QUARTZITE MINING AND TRANSPORT 



51 	MOORA MINING OPERATION 

The quartzite mining and milling operations at Moora remain unchanged from 
those discussed in detail in the Wundowie ERMP. 

The quartzite deposit is approximately 15km north-north-east of the 
township of Moora and 1km east of the Midlands Road and the railway line. 

The proposal will extract approximately 100,000 tonnes per year of 
quartzite ore from the quarry. This quarry material will be crushed and 
screened on the quarry site to produce 60,000 tonnes per year of ore above 
25mm for the process, and about 40,000 tonnes per year of less than 25mm 
material, which will be stockpiled on-site for use during site 
rehabil itat ion. 

Quarry extraction operations (drilling with air track percussion rigs and 
blasting to access the ore) will remain unchanged from the Wundowie ERMP 
description, and the mining will operate under the same timetable of three 
to five months of quarrying with sufficient stockpiling to allow a nine 
month shutdown. 

5.2 	MINING OPERATION IMPACTS 

The Wundowie ERMP provides detailed information regarding potential 
impacts from the mining and milling operations. Following public review of 
the Wundowie ERMP, a number of issues were raised and these are discussed 
below. 

Mining Operation Noise 

Quarrying operations will be managed to ensure minimum noise disturbance. 
Any noise will only occur during daylight hours for approximately three to 
five months each year. As the quarrying operations proceed, the formation 
of a depressed working face of up to lOm depth will act to further reduce 
noise emitted from operations at the quarry face. 

Dust 

Dust may arise from both blasting activities and transportation. The 
proponent is committed to employ normal operating practices to minimise 
dust generation from within the site. This commitment includes an 
undertaking that blasting activities will not be carried out when wind 
conditions may result in the transport of nuisance dust towards 
neighbouring farms. The quarry operations will also be restricted to the 
wetter months of the year so that naturally moist conditions will assist 
in dust suppression. 
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Impact of Water Usage on Aquifer and Neighbouring Supplies 

It is planned to install up to two bores to a depth of 70m to meet the 
expected demand of 3,600 litres per day. This dernnd is well within the 
estimated maximum safe extraction rate of 56,250m per square kilometre 
per year calculated by Wall (1968). Efforts will be made to recycle 
extracted waters to minimise water consumption. 

Site Rehabilitation 

As discussed in the Wundowie ERMP, the principal objective of 
rehabilitation will be to achieve an acceptable topography with a stable, 
self-sustaining vegetation cover. This will ensure the minimisation of 
external transportation of materials through the soil, wind erosion or 
excessive water run-off. 

The proponent has initiated discussions with the Department of Mines, as 
the first step in the preparation of a detailed site management and 
rehabilitation plan. This plan will include rehabilitation trials using 
local native vegetation. Recent site inspections in areas disturbed by 
drilling teams suggest that this vegetation is capable of a high degree of 
colonisation and regrowth. 

The proponent will complete site rehabilitation to the satisfaction of the 
Department of Mines. 

In addition, the proponent will seek advice from CALM on the management of 
Regelia megacephala populations on the tenement area which will not be 
affected by the quarry. This plant is restricted to the Coornberdale 
locality and is considered to be rare. It will be included in the 
rehabilitation trials. 

Mining operations will leave some areas of inferior grade ore thereby 
preserving to some degree the visual amenity of quartzite hills to the 
north of Moora. 
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5.3 	TRANSPORT OPERATIONS 

The preferred method of quartzite transport from the quarry site to the 
Picton plant is by rail. 

Trucks will deliver screened quartzite from the quarry to a stockpile 
adjacent to the nearby railway. A frontend loader will then be used to 
load the rail wagons. A "quartzite trains of 20 wagons, each 14m long and 
carrying about 40 tonnes, will haul the quartzite to Picton Junction, some 
350km south. These 800 tonne quartzite lots will arrive at Picton Junction 
during daylight hours to be unloaded by grab onto a stockpile next to the 
railway line. Quartzite will then be trucked to the silicon plant 
stockpile. 

The preferred frequency for haulage of the quartzite is 75 trains/year, at 
about 3 trains/fortnight, totalling 60,000 tonnes of quartzite per year 
moved to Picton. 

The above represents a minimal increase in rail traffic on the Moora to 
Picton Junction railway line, being less than 5% of the overall freight 
movement in any particular fortnight from either Moora to Perth, or Perth 
to Picton Junction. Most train movements will be in daylight hours and 
will be indistinguishable from existing bulk freight movements such as 
wheat, coal and woodchips, in terms of their impact on the environment. 

Quartz stockpiles adjacent to the railway siding at Coornberdale may peak 
at 25,000m towards the end of each mining campaign, while stockpiling 
adjacent to the rail line at Picton is expected to be minimal unless rail 
delivery is effected into the proponent's plant site itsel'ç, in which case 
the plant working stockpile will be of approximately 3,000m capacity. 
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SECTION 6 

TIMBER GATHERING AND TRANSPORT 



	

6.1 	INTRODUCTION 

The Barrack Silicon Project requires wood for the production of charcoal 
reductant and supplementary wood blocks to condition the furnace. Together 
these provide the carbon and furnace stabilising agent required for the 
reduction of quartzite to silicon. Charcoal produced from Jarrah 
(Eucalyptus marginata) has a very high level of carbon content and a 
low level of impurities and is ideal for the required purpose. This 
species is therefore highly preferred. 

The Barrack proposal will require about 110,000 tonnes of Jarrah each year 
for conversion to 27,000 tonnes of charcoal and an additional 24,000 
tonnes each year of green Jarrah for conversion to wood blocks (approx. 
size 50mmx3Ommx30mm). 

The proponent intends to acquire wood from the Department of Conservation 
and Land Management (CALM) which is responsible for the management of 
State Forests. CALM has indicated that it can readily meet the wood 
requirements and that supply is compatible with the Department's General 
Working Plan No. 87 which has been approved by Government and the Draft 
Forest Management Plans which are currently being considered. 

The proponent requires wood of only firewood quality. CALM intends to 
supply this from production areas in operations integrated with future 
timber extraction. Assessments of the potential wood supply in these 
production areas have been made by specialist consultants with assistance 
from CALM. These indicate that volumes greatly in excess of requirements 
will be available. The Department has also indicated that ultimately the 
proposal will stimulate the implementation of thinning operations in 
production areas which is a preferred silvicultural technique. Finally, 
CALM considers that supply of the wood for the proposal will have no 
significant impact on the forest ecosystem. 

As a result of the decision to combine the charcoal and silicon production 
plants and to relocate the combined plant to a site near Picton Junction, 
CALM have been able to realign their wood supply strategy to more 
comprehensively source additional deadwood and dieback infected areas in 
the Western Scarp and Lower Harvey timber areas. However, despite some 
changes in the pattern of sourcing from individual wood supply areas, over 
two-thirds of the wood supply source area, arising from the Harvey Forest 
Region, remains the same. One-third of the wood supply area has been 
relocated from the northern areas of the Dwellingup Forest Region to the 
Collie Mill areas. 

	

6.2 	TIMBER RESOURCE MANAGEMENT 

Subsequent to the Wundowie ERMP, CALM has been able to clarify a number of 
forest management issues regarding timber resources and transport. 

Timber resource areas have been nominated by CALM as regions from which 
wood may be gathered during the 20-year life of the Barrack Silicon 
Project. These areas, shown in Figure 6.1 have been selected in accordance 
with the General Forest Working Plan No. 87 (Forests Department, 1982), 
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with close consideration for the Management Priority Areas (MPAs) within 
the respective forest regions. Proposals are also in accordance with the 
draft Central Forest Management Plan which has been prepared by CALM and 
is available for public comment. 

A key concept of the General Forest Working Plan No. 87 is the division of 
forests into areas with different MPAs. Firewood extraction is permitted, 
subject to hygiene controls discussed below, in areas where the management 
priority is timber production, water production or catchment protection. 
Timber extraction may also occur in MPAs for recreation but will not be 
carried out as part of this proposal. 

Areas allocated to flora, fauna and landscape conservation are not 
available for production purposes. 

Wood extraction is considered compatible with timber production, water 
production, catchment protection and research MPAs, provided sound 
management practices are maintained. The MPAs for water, in particular, 
are located in the western high rainfall sectors of the forest where 
salinity due to vegetation removal is not considered to be a problem. In 
addition, thinning of forest growth on an experimental basis in this area 
has been shown to promote run-off to dams and thereby improve water 
conservation management. 

Specifications for wood required by the process, method of extraction and 
forest protection are described in detail in the Wundowie ERMP. These 
components are summarised below. 

Wood Requirements 

The proposed production level of 27,000tpa of charcoal will require 
110,000tpa (about 126,000nr) of dry Jarrah Eucalyptus Inarginata with 
a moisture content of 18-25%. Of the available indigenous woods only 
Jarrah yields a sufficiently high quality charcoal and is available in 
sufficient quantities for process requirements. 

Up to an additional 24,000tpa of green Jarrah with a moisture content of 
50+% may be required for direct feed to the silicon furnaces as a 
stabilising agent. As green wood has a greater mass per unit voluwe than 
dry wood, the green wood requirement represents about 21,428m' each 
year. 

The type of wood required is of low quality and is classified as firewood. 
Firewood may be green or dry but in either case is unsuitable for milling 
for timber or use as poles and fencing materials. Suitable firewood would 
have the following specification: 

Species: 	Jarrah 

Product: 	Logs suitable for charcoal production which are below the 
generally accepted minimum specification for Second Grade 
Jarrah Sawlogs. 

Measurement 	Per tonne measured on company weighbridge. 
Basis: 	Delivered in truck lots. 
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Dimensions: 	Diameter - minimum small end under bark - 150mm 
- maximum large end under bark - 1,200mm 

-Length 	- minimum length 	 - 1.8m 
- maximum length 	 - unlimited 

Log 	 Lateral projections (branches, limbs, bumps) from logs must 
Preparation: 	not exceed 150mm. 

Ends must be cut roughly square so that on each end a 
minimum of 50% by area of wood is presented in one 
continuous piece. 

Acceptable 	The following log defects are acceptable, provided the log 
Defects: 	can be safely handled and transported: 

- double heart 
- charcoal 
- pin holes 
- shakes and splits 
- dead wood 
- gum in any form 
- bends - up to a maximum of 200mm in any 3m length 
- ** rot - up to a maximum of 25% as assessed by area of 

rot visible on worst end 
- pipe 

Unacceptable 	The following defects are not acceptable: 
Defects: 

- visible evidence of termite activity 
- shattered wood 

** 	
An agreed set of representative logs as samples of acceptable rot 
limits are available for inspection at CALM Harvey District 
Headquarters. Photos are also available. 

Method of Extraction 

Current silvicultural management practices for jarrah forests will be 
enforced for wood produced for this project. The objective of this 
management is primarily to provide optimal conditions for the growth of 
preferred young trees by reducing competition. Equally, forest 
conservation through comprehensive long term strategy planning is a 
primary CALM objective. 

Timber production areas for this proposal include three main types of 
forest: 

grouped forest consisting of a mixture of regrowth after previous 
logging and stands of mature trees, 

mature forest which has either never been cut or has small stands 
of regrowth from previous light cuts, 



regrowth forest which has developed after very heavy cutting 
generally in the early part of the century. Regrowth forest 
contains a high proportion of pole size trees (diameter between 25 
and 50m at 1.3m). Generally these stands also contain a few 
mature trees that were left in the original cut. 

In grouped and mature Jarrah forest, normal sawlog extraction for timber 
production involves the felling of nililable trees which are of good form 
and quality, and at least 50cm in diameter measured at "breast height" 
(i.e. 1.3m above the ground). Sections of these logs, such as the crowns, 
are cut off and left on the forest floor. 

Trees with diameters less than 50cm are left standing to comprise future 
crops although some may be felled for poles. Some of the trees not cut 
will be irregular in form and likely to be unsuitable for future sawlogs. 
Similarly, large diameter trees may be unsuitable for sawlogs and these 
are left standing. There are also generally large quantities of dead wood 
either as standing trees or on the forest floor. 

The preferred silvicultural strategy is to extract: 

sawlogs 
small diameter trees required for poles 
the debris (crowns) of the sawlogs and poles 
large and small irregular trees 
existing dead material (standing and fallen) suitable for 
util isation 

In practice, not all irregular trees and standing dead trees can be felled 
for safety reasons. 

This strategy of reducing competition for the younger trees also has the 
advantage to practical forest management of reducing the potential fire 
hazard and removing impediments to access for fire control purposes. 

Stand thinning is the preferred treatment for regrowth forests but has not 
been applied extensively due to the costs involved. The procedure has the 
same fundamental principle as integrated sawlog operations in that the 
object is to remove poor commercial quality trees which are competing with 
preferred trees. However, in this case, the stand is not scheduled for 
sawlog extraction and the thinning is conducted only to promote growth 
rates of preferred trees. As a result the firewood resource is 
predominantly green but dead wood will also be extracted during the 
thinning operation. Regrowth forest typically contains considerable 
quantities of fallen logs as a result of prior logging. 

Extraction of dead-standing and dead-down timber in dieback affected areas 
of the Western Scarp, especially during the first five years, will be 
critical to the early financial survival of the project. Use of green 
timber adds between $25-$30 per tonne to the cost of producing silicon and 
so optimisation in the selective extraction of dead timber from the 
forests will be strongly encouraged. 

39 



Forest Hygiene and Protection 

A great variety of organisms and environmental stresses are capable of 
causing dieback symptoms in Jarrah trees. However, the most important 
agent is infection by the fungus Phytophthora cinnamomi especially in 
those parts of the forest where rainfall exceeds 600mm (Shea; 1975, 1979). 

Current departmental management policies regarding Phytophthora 
cinnamonii are summarised in the Dieback Policy Report (Forests 
Department, 1982). Essential features are mapping of dieback occurrence 
and dieback risk areas to define acceptable operational areas and 
restriction of actual operations to those months of the year when soil 
conditions are dry and risk of fungal infection is minimal (nominally 
November to April). Further, in forest affected by dieback, logs are 
extracted to a landing and stacked and are transported away only after the 
completion of operations. This split-phase operation eliminates the 
potential spread of dieback into the forest through infected soil adhering 
to extraction equipment. 

As with other forest operations, the extraction of firewood for the 
present project would be scheduled to reduce the risk of spreading 
dieback. 

As noted above, the primary method for protection of flora and fauna in 
State Forests is the allocation of specific areas (MPAs) of representative 
vegetation for conservation purposes. These conservation MPAs in CALM's 
Jarrah forest regions are in the process of being vested in the National 
Parks and Nature Conservation Commission. 

However, it is recognised that maintenance of flora and fauna values is 
also a desirable objective in other parts of State Forest as well as 
conservation MPAs. The primary concern with large scale firewood 
extraction in such areas is the potential loss of specialised fauna 
habitats provided by fallen logs and by hollows in large standing trees 
(both dead and alive). There is also the possibility of an increase in the 
potential risk to restricted flora species due to more intensive 
operations. 

In Western Australia tree hollows are predominantly used for nests and 
shelter by certain birds such as owls and parrots and by arboreal mammals 
such as the Western Native Cat Oasyurus geoffroyi and possums. 
Saunders et al. (1982) found that ten species of non-passerine birds used 
an average of 7.5 natural hollows per hectare in restricted woodlands in 
the Western Australian wheatbelt. Smaller hollows may be used by a variety 
of other animals such as bats and reptiles (Menkhorst, 1984). 

The range of niches offered by mature and dead trees has been illustrated 
by Mackowski (1984) in studies of the Blackbutt (Eucalyptus pilularis) 
in eastern Australia. He concludes that larger wildlife hollows did not 
form in trees until they were 200+ years old. Similarly Meredith (1984) 
has found that pole or regrowth forests are of limited value to arboreal 
marsupials. 
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Mackowski indicates the need to retain both mature trees and scattered 
hollow bearing veterans in heavily logged forest if the impact of logging 
on hollow dependent fauna is to be ameliorated. The mature trees will 
gradually replace those veterans which fall from natural causes. He 
suggests that this objective may best be attained by retention of 
corridors or groups of large trees. The optimal location of these can be 
determined by fauna surveys as has been done at Eden in NSW (Braithwaite 
et al., 1983). 

There is no information on the use of hollows by fauna in the Jarrah 
forest and it is therefore difficult to assess the potential impact of 
large scale firewood extraction. CALM believes that the specifications for 
suitable firewood and the level of demand for firewood relative to supply 
suggest that sufficient trees will be retained to enable local hollow 
dependent fauna populations to continue. The same conclusion applies to 
fallen logs which also provide specialised niches. 

The proponent will fund a post-graduate research project under the 
supervision of Barrack Silicon Pty Ltd and CALM to evaluate these 
predictions. This information will be made available to the EPA within 3 
years of the start of firewood extraction. If any significant impact on 
fauna is detected wood collection operations will be more widely dispersed 
over the areas being cut for timber to reduce the effect. Alternatively 
some firewood trees and logs will be left in the forest to ensure niche 
retention. 

6.3 	RESOURCES ESTIMATES 

Resource areas are nominated for the various years of the proponent's 
operation in Figure 6.1. Sourcing blocks which remain the same as for the 
Wundowie ERMP are around the Yarloop area and in the Harvey Forest region, 
including the Western Scarp and Waroona area which are heavily affected by 
dieback. 

Areas developed north of Dwellingup for the Wundowie ERMP have been 
replaced with forest blocks in the area surrounding the Collie mill. This 
is a relocation of approximately one-third of the wood sourcing to the 
Collie area. 

In the Harvey-Yarloop area, wood will be produced from parts of the forest 
blocks of: 

Western Scarp 

Keats 
Tumlo 
Chalk 
Ross 
Surface 

Dieback Affected 

Samson 
Waterous 
Clark 
Hoffman 
Kent 
Den ham 
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and for the Collie region blocks of: 

Edward Yabberup 
Arkliw Sherwood 
Hamilton Bristol 
Gervasse Godfrey 
Davis Hillman 
Lowden 

(See Figure 6.1) 

CALM has confirmed these forest blocks as having sufficient resources to 
readily satisfy the wood requirements of the Barrack Silicon Project for 
its 20-year life, subject to their resource estimate assumptions provided 
in Appendix E. 

6.4 	WOOD TRANSPORTATION 

Wood will be transported on 20m long articulated 70 tonne log haulage 
trucks. Proposed routes for the period 1989-1992 and for the period 
1993-1998 are shown in Figure 6.2. These routes are presently used by log 
haulage trucks. 

With an average load of 40 tonne and haulage of 230 days per year (during 
daylight hours only), the number of round trips required to supply wood 
will be about 14 trucks per day. 

Major transport corridors for the first 5 years would be along Pile Road 
then Upper Ferguson Road, entering the South Western Highway near 
Dardanup. Pile Road is gradually being sealed by the Main Roads 
Department. 

From the Collie area major transport corridors will be Williams-Collie 
Road, Tallanalla Road and Coalfields Road, to join the South Western 
Highway near Roelands. These roads are already extensively used by timber 
operations and it is considered that the additional haulages along them 
will not represent a significant increase over existing levels of 
operation. 

The Yarloop and Harvey transport corridors are more diffuse and the 
Harvey- Quindanning Road, Yarloop-Hoffman Road and Mornington Road-Miles 
Avenue roads will be used during the life of the project. These forest 
access roads will all feed to the South Western Highway between Harvey and 
Wagerup. 
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6.5 	ENVIRONMENTAL MANAGEMENT 

Management of State Forests is the responsibility of the Department of 
Conservation and Land Management (CALM) and not of the proponent. CALM's 
primary objective in forest production areas is the maximisation of 
productivity through preferred silvicultural strategies described above. 
However, application of these strategies has been limited in the past due 
to a lack of market for residues. Production is also limited or regulated 
to prevent the spread of disease and salinity problems and to ensure the 
maintenance of forest quality. The full sequence of operational planning 
for appropriate environmental management involves 5-year plans, annual 
plans and operational implementation. 

The full sequence of operational implementation is as follows: 

complete all roading, drainage and clearing a summer in advance 
mark trees for retention 
nominate dieback hygiene methods 
determine starting date to ensure dry soil conditions 
remove poles 
remove sawlogs 
remove firewood 
monitor all operations 
determine finish date to avoid moist soil conditions 
follow-up assessment of site recovery and regeneration 

Environmental management by CALM, as described in detail in the Wundowie 
ERMP, will ensure control and preventative strategies for the potential 
impacts with respect to: 

dieback infection and control 
water quality and quantity 
site disturbance, especially in regard to fauna and flora 

As discussed above, the Barrack Silicon Project depends upon the 
preferential extraction of dead-standing and dead-down timber in 
preference to live green wood, due to significant production savings 
($25-$30/tonne). This beneficial use of forest resources, previously 
unsaleable and in some cases a fire hazard, is compatible with CALM's 
general forest management philosophy. 
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SECTION 7 

PICTON SITE ENVIRONMENTAL IMPACT 

AND MANAGEMENT 



7.1 	INTRODUCTION 

The following sections provide an assessment of potential natural and 
social impacts that may result from the location of the proposed industry 
at the Picton site. Summaries of specialist sub-consultant reports for air 
and noise emissions are also provided, while full reports are attached as 
appendices. Each section describes potential impacts and management 
strategies designed to minimise their effects, and detailed commitments by 
the proponent who will implement the management strategies. 

7.2 	EFFECTS ON THE NATURAL ENVIRONMENT 

7.2.1 	Geomorphology, Land Stability, Landscape and Visual Impacts 

The site will be prepared by selective clearing of vegetation to optimise 
existing screening and landscape. The proponent will encourage the 
retention of existing trees and shrubs to reduce landscaping and screening 
requirements and to maintain as much as possible, the original character 
of the site. A specific landscape plan will be developed for this purpose. 

Geomorphology and land stability will not be detrimentally affected by the 
proponent's activities during construction or operation of the facility. 

An area within the site will be levelled for major buildings by 
conventional earthworks and an additional cut will be placed to optimise 
plant screening. 

The plant will be considerably higher than any existing structures in the 
near vicinity and will not be without some noticeable visual impact 
particularly from the South-Western Highway. The proponent plans to 
minimise this impact through appropriate landscaping and planting of fast 
growing tall eucalypts such as Rose Gum (E. grandis), Lemon-scented 
Gum (E. citriodora), Spotted Gum (E. maculata) and Karri (E. 
diversicolor). 

Washdown and dust suppression waters will be collected into a lined 
evaporation pond or ponds. These will be managed in accordance with EPA 
requirements and will be routinely cycled to allow periodic removal of 
solids and liner inspection. 

Wastewater will be collected and treated in a central treatment plant, and 
will be licensed for discharge with the EPA. The proponent will optimise 
water conservation and recycling where practicable. 

7.2.2 	Flora and Fauna 

The development of the charcoal/silicon complex will cause site 
disturbance and some loss of the wildlife habitat on the site. 
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The landscape plan (Section 7.2.1) will seek to minimise this impact 
through retention of existing trees where possible and planting of native 
species. 

Screen planting on the southern part of the site near the South Western 
Highway in particular, will provide additional habitat for birds where at 
present there is pasture. 

	

7.2.3 	Water 

The site will require a groundwater supply of 350m3  per day at peak 
demand. It is planned that this supply will be sourced from the 
Leederville Formation Aquifer which is a deep aquifer of acceptable water 
quality. The proponent will require a licence from the Western Australian 
Water Authority (WAWA) for the use of this aquifer. 

Preliminary assessments suggest that the project's relatively low water 
consumption rate will not significantly affect the storage capacity nor 
the quality of the aquifer. Detailed analysis will be needed to validate 
this source's capacity. 

	

7.2.4 	Drainage and Water Quality 

The major area of drainage will be the wood stockpile. This area's 
drainage will be designed to cater for a one-in-five year flood event, 
with drainage waters directed into a stormwater sedimentation pond within 
the site. This pond will trap suspended materials. Overflow waters will be 
licensed with the EPA for discharge into the nearby Preston River. 

	

7.2.5 	Finished Product Transport 

As noted in Section 4, the process will generate approximately 24,000 
tonnes of silicon per year, which will be transported in containers on 550 
trucks per year, or about 10 trucks per week. This volume of trucks is not 
anticipated to produce a significant impact on transport routes to and 
from the shipping ports. Presently, shipping will use the Port of 
Frernantle facilities, however the proponent will transfer their cargoes to 
the Port of Bunbury, should appropriate container facilities and shipping 
carriers become economically available. 
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7.3 	EFFECTS ON THE SOCIAL ENVIRONMENT 

7.3.1 	Aboriginal Sites 

The Western Australian Aboriginal Heritage Act 1972-1980, makes provision 
for the recording and preservation of significant places and objects 
customarily used by, or traditional to, the aboriginal inhabitants of 
Australia and defines obligations relating to sites. 

As the Picton site has been disturbed by agricultural activity, the 
proponent has sought advice from the WA Museum on the need for an 
Aboriginal sites survey. The Museum has advised that no assessment is 
required except for any undisturbed areas which may be present 
(Appendix D). No such areas are known. 

7.3.2 	Impact on Land Use, Conservation and Recreation 

The proposal site is located in the Shire of Dardanup and has been 
included in the Bunbury Region Plan Policy Statement by the State Planning 
Commission of Western Australia (SPCWA). 

The present land use is semi-rural, however the Bunbury Region Plan Policy 
Statement (SPCWA, 1987) has proposed a considerable area between Eaton, 
Picton Junction and south to the Preston River (Figure 4.1) as an 
industrial zone. This zoning is in agreement with the Bunbury Region Plan 
which considers Bunbury's future development prospects from a regional 
perspective. Policy area 5 - Picton - is the proposed location for the 
Barrack Silicon project in which industries of the general processing 
type, such as that proposed, are encouraged. A structure plan for the 
industrial and adjacent areas is currently being developed. 

7.3.3 Access and Transport Systems 

As noted in Sections 5 and 6, transport of quartzite will be by rail to 
Picton Rail Marshalling Area, and wood will be transported by wood trucks 
along existing timber truck routes and then along the South Western 
Highway to Picton. 

Rail movements between Pinjarra and Brunswick Junction presently average 
about 22 trains per day. The majority of these movements are freight 
comprising alumina, coal, mineral sands and general goods. There are also 
four passenger services, two each way per day between Perth and Bunbury. 

Proposed rail transport of quartzite from Moora to Picton will amount to 
an average of three trains per fortnight. 

This increase in freight traffic is minimal and will be indistinguishable 
from existing operations. 
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Road transport of wood to the Picton site will only occur during daylight 
hours and will require about 14 trucks per day during periods of peak wood 
transport. 

Traffic counts in 1984 on the South Western Highway averaged at 3,200 
vehicles per day. Although statistical breakdown of these vehicles into 
trucks and cars is not available, the nature of the area suggests that a 
reasonable percentage may be trucks. As such, the impact of about 14 
additional trucks per day is unlikely to represent a significant impact on 
the existing road system. 

7.3.4 	Existing Community Facilities and Services 

The proposal is expected to employ approximately 300 during the 
construction phase and about 120 to 150 workers during the operational 
phase. 

The Wundowie ERMP discusses, in detail, methods for the determination of 
where the workforces are likely to be derived. 

For Picton the majority of the workforce for both construction and 
operational phases is likely to come from the Bunbury and Collie areas. 
The proposed site is located within 10km of the centre of the City of 
Bunbury, the second largest city in Western Australia with a regional 
population of around 34,000 (1984). The City is well serviced with 
extensive community services and facilities. Given the size of the 
workforce it is unlikely that existing services and facilities will be 
stressed. 

7.3.5 Contingency Planning and Safety 

The silicon plant will use a conventional and well proven process in its 
reduction of quartzite silica to silicon and no hazardous chemicals nor 
wastes will be produced by the process. 

However, the reduction furnaces and charcoal retorts will be high 
temperature facilities and there will therefore be a fire risk. 
Comprehensive fire protection services, including a mobile fire fighting 
unit have been planned by the proponent to manage this risk. 

Further, the proponent will brief local authorities with respect to its 
operation and will develop contingency plans with those authorities, as 
required. However, the project will have no dependence on the local fire 
brigade. 
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7.4 	ENVIRONMENTAL MANAGEMENT AND CONTROL 

7.4.1 	Charcoal Process Operations 

The following environmental management and control activities have been 
incorporated into the charcoal production process: 

Wood Stockpiles and Handling Safety 
Emission Controls (Charcoal Retort Gases) 
Charcoal Dust Suppression 
Air Quality Monitoring 
By-Product Management 
Air Dispersion Modelling 

Wood Stockpiles and Handling 

The wood stockpile area will be located to the south of the silicon 
furnace plant and associated buildings on former pasture lands, it will be 
screened by landscape plantings in the direction of the South Western 
Highway some 500m further to the south. 

Drainage from the wood stockpile area will be diverted to a sedimentation 
and retention pond with adequate storage to detain a one-in-five year 
flood event. This storm event control system will remove floating and 
suspended solids prior to discharge into the nearby stormwater network. 
This discharge will require approval by the EPA. 

Wood handling operations present safety requirements typical of timber 
mill operations. In the present case very few persons are involved and 
most of the handling will be by front end loaders fitted with warning 
systems. 

The control of all docker sawmill functions will be monitored from a 
remote operator station. This will have a clear view of most of the docker 
sawmill facility. In addition, TV monitoring will be used to view 
important areas hidden from the operator's view. These would include: 

log feed area 
saw areas 
splitting areas 
block stockpiling 

Within the log docker there are several significant sources of noise, in 
particular the splitting shear. Noise control is discussed in Section 7.6. 

Sawdust generated from the docking operations will be stockpiled for sale 
or burnt on-site in a modern two stage timber mill incinerator. 
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Emission Controls 

Estimated ground level concentrations of emissions from the incinerator 
under different atmospheric conditions are presented in Appendix B. In 
summary the incinerator will produce approximately 60,000 cu.m. per hour 
of mixed gases composed of nitrogen, oxygen, water vapour and carbon 
dioxide. The temperature of this mixed gas at the top of the stack will be 
about 3000C which will be emitted from a single 42m stack. The 
incinerator has been designed to decompose all potentially toxic gases to 
their non-toxic form. 

The proponent considers emissions from the charcoal stack gas incinerator 
will have minimal environmental impact. 

In the event of unplanned shutdown of the incinerator, the retort 
emissions will be vented directly to the atmosphere. Direct venting is the 
standard practice during normal operations with most retorts and other 
wood burning furnaces in other countries. 

As a further emission control, each retort will have a specially designed 
sealing system which will include recirculation of inert gases 
(predominantly carbon dioxide and nitrogen) from the centre into a ring 
collar. This collar will deliver non-combustible gases to the top of the 
retorts ensuring both minimal emissions and combustion of the wood as it 
is fed through the sealing system. In practice, fugitive releases may 
occur, but further safeguards will be provided by operating the upper 
compartment at slightly below atmospheric pressure thus ensuring air 
movement will be into rather than out-of the retorts. 

In addition, retort controls will incorporate automatic shutdown systems 
in the event of serious malfunction. In this shutdown mode, top gases 
would continue to be passed through the high temperature incinerator until 
a stable cycle had been achieved. There may be other gas emissions as 
charcoal is released through the bottom retort valves. These gases will be 
mostly carbon dioxide and nitrogen, with small amounts of carbon monoxide. 
The release area will be well ventilated to prevent build-up of these 
gases. 

Charcoal Dust Suppression 

The Western Australian threshold limit value for respirable dust for 
occupational health exposure is 5mg/rn3. This is the maximum level to 
which workers may be continuously exposed during working hours without the 
likelihood of adverse health effects. 

The primary sources of charcoal dust will be at transfer points from the 
belt conveyor transporting charcoal onto the charcoal screen. These 
conveyor transfer points will be fitted with a dust collection system. 
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Collected dust will be combined with charcoal fines from the screening 
operation and will be conveyed to covered bins for sale or pneumatically 
transferred as fuel to the sawdust incinerator attached to the timber 
mill. 

All charcoal fines destined for sale rather than the silicon furnaces, 
will be stored in covered 80m3  bins (Section 4.3.3). 

By-Product Management 

Fines, trash, splinters, bark and sawdust arising from the milling 
operation will be segregated and stockpiled for sale. An incinerator will 
be provided for materials considered non-saleable. This incinerator will 
be of the "Smokeless refractory silo type as used in modern timber 
industry facilities. It will utilise a two stage burning of solids and 
off-gases in the incinerator and will have a maximum capacity of lOtph. 
This is sufficient to consume all milling by-products, if required. 

Similar incinerator units are in satisfactory operation throughout the 
world, including Western Australia (e.g. Yarloop on the South Western 
Highway) and the proponent is confident that minimum environmental impact 
will be achieved from its operation. 

As described earlier, charcoal fines will be collected and stockpiled for 
sale, or will be used in the sawdust incinerator. 

Management Commitments 

The proponent will commit resources to the environmental management and 
control measures discussed above including: 

Screening and landscaping of wood stockpile areas, 
especially in the area between the South Western Highway 
and the wood stockpiles. 

Development of drainage control from the stockpile areas 
and surrounding the plant to manage and control runoff. 

Application for discharge of treated runoff to EPA. 

Wood handling and milling will be managed using industry 
standard safe working practices. 

Wood mill by-products will be preferentially sold and only 
non-saleable product will be burnt in the waste wood 
incinerator. 

The charcoal retorts will be operated at slight negative 
pressure to minimise their fugitive emissions. 

Air quality monitoring will be conducted as required by the 
EPA, in addition to regular in-house monitoring programmes. 
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7.4.2 	Silicon Process Operation 

The primary emphasis of environmental management for the silicon process 
operation will.,  be on the control of dust and atmospheric emissions and 
noise attenuation as discussed below. 

Sill ca/Dust Control 

Potential environmental management problems can occur from silica dust 
generated during the handling of quartzite ore, and subsequently during 
the furnace reduction of quartzite to silicon. 

At the plant site silica dust could be generated during all ore handling 
activities. These are: 

Unloading of quartzite from rail cars to trucks 
Transfer of quartzite from trucks to plant stockpile 
Loading to day bins from plant stockpile 
Transport from day bins to furnace 

However, the ore delivered by rail from the quarry will be coarse and 
prewashed to ensure that dust levels are minimised. Should additional 
control measures be required, tankers with spray capacity will be provided 
to treat stockpile areas. The transfer equipment - quartzite reclaim 
hopper, belt feeder, silo feed conveyor, transfer chutes and travelling 
shuttles - will all be fitted with water mist sprays. 

Water from these areas will be collected by the site drainage system. 
These are standard installations in silicon process plants and are of 
proven effectiveness. The proponent is committed to ensuring safe working 
conditions and environmentally appropriate management practices to the 
operation of the silicon furnace plant. 

Silicon Dust 

Most authorities do not distinguish silicon dust from general inert (or 
nuisance) dust. The American Council of Government and Industrial 
Hygienists (ACGIH) recommend a threshold limit value of 5mg/rn3  for such 
dust and this will be adopted by Barrack Silicon Pty. Ltd. This is the 
maximum level to which workers may be continuously exposed (8 hour day, 5 
days per week) without adverse health effects. 

Silicon dust will be generated in the product treatment area but at very 
low levels. It will be collected via hoods and extraction fans and ducted 
to a baghouse. Residual dust levels will be regularly monitored to ensure 
that the control system is operating with the required efficiency and is 
well within the above standard. 
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7.4.3 	Air Emissions 

Amorphous Silica Dust 

As discussed in the Wundowie ERMP, the principal by-product from silicon 
production is amorphous or non-crystalline silica dust known as "fume". 
Most of the silica fume will be collected in the baghouses and 
subsequently sold. The lowest standard quoted by baghouse manufacturers 
under consideration for this project is a fume collection efficiency of at 
least 99.8%. At this level approximately 0.2% of entrained fume will be 
discharged with gas from the baghouse vents during routine operations. 
There is also an occasional potential for direct venting from furnaces to 
the atmosphere during start-up and emergencies. 

There are a large number of studies which consider the health implications 
of exposure to silica fume. To date, this research has found no conclusive 
association between fume and lung disease either in actual studies of 
workers exposed to the dust or in experimental exposure of animals 
(McKenzie, 1985). The few studies with positive results are generally 
considered to be ambiguous in terms of the potential cause with exposure 
to crystalline silica rather than fume being a distinct probability. 
Nevertheless, some medical authorities suggest that the evidence to date 
is insufficient to categorically demonstrate that fume has no pathogenic 
significance (Jahr, 1981; Renovanz, 1984). These authorities have 
recommended more stringent occupational health criteria for dust limits 
than are currently applied in any country. 

The ACGIH statutory limit for occupational workplace exposure fr 
respirable (ie less than 5 microns) amorphous silica is 10mg/rn 
standard. This threshold limit value (TLV) is the maximum level that a 
worker should be exposed to 8 hours a day, five days a week. 

McKenzie (1985) has suggested that short-term ground level concentrations 
of amorphous silica beyond plant sites should not exceed one-thirtieth of 
the TLV which applies for that substance inside the plant. This principle 
is adopted by the State of Colorado in the US and is more stringent than 
others that have been suggested in Australia. In accordance with this, the 
proponent will ue a maximum ground level concentration of amorphous 
silica of 0.3mg/m' (one-hour average) as a standard for normal operation 
of the Picton complex. 

Organi Cs 

A recent study by the US EPA has indicated that organics may be present in 
furnace gas and baghouse emissions during silicon processing (Westbrook, 
undated). The findings are based on a single silicon metal plant located 
at Selma, Alabama and their applicability to other plants with different 
processes and components is unknown. At Alabama, 45.7kg/h of organics were 
generated by each furnace and 34.3kg/h were emitted to the atmosphere 
after passage of the gas through the baghouse. The efficiency of capture 
was therefore about 25%. Comparison with other ferroalloy furnaces 
indicates that this low efficiency is related to relatively high operating 
temperatures for the baghouse (1100C). In other baghouses operating at 
600C the capture efficiency was 65%. 
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The Alabama plant is equivalent to that proposed for Picton, with two 
furnaces with 17MW power rating. However, in the Alabama furnace the 
reductant and stabiliser are low-sulphur coal and petroleum coke rather 
than charcoal and wood blocks as in the present proposal. The former 
additives are more likely to produce organics than are those which will be 
used in the present proposal. Furthermore, any wood-based organics in the 
Picton plant are expected to be incinerated by the high temperatures of 
the furnace in the same way as they will be in the incinerator attached to 
the charcoal retorts. 

Although no significant discharge of organics is predicted, samples of 
emissions will be collected during early operation of both furnaces and 
the baghouse. This testing will be done in association with the 
Environmental Protection Authority. 

Air Emission Modelling 

Air emissions have been modelled for the silicon process plant and are 
described below. The basic equation used for this modelling is known as 
the Gaussian plume equation which is described in the air quality 
report (Appendix B). 

In simple terms, this equation allows for the calculation of the 
dispersion of a stable gas or aerosol from a point source emitted above 
the ground, such as from a stack. The principal features of this 
dispersion are direction which is determined by wind conditions, and 
height and width which are determined by atmospheric conditions. The plume 
of dispersion has an elliptical cross section (see Figure 7.1). 

Such models require a number of assumptions to be satisfied for the 
calculation of possible ground level concentrations that an emission might 
produce. For this modelling study the assumptions were: 

Emission from the baghouse vents is continuous in both 
concentration and rate of release. 

The amorphous silica does not undergo any chemical transformations 
that might affect its dispersion. 

None of the pollutant is removed from the plume. 

Where the plume contacts the ground, there is complete reflection 
back into the atmosphere. 

Constant atmospheric conditions occur during the period of 
modelling. 

Constant wind speed and direction occur with height. 

The terrain surrounding the source is flat. 

The dispersion parameters used in the Gaussian equation are 
independent functions of wind direction. 
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The model also takes account of the effect of emissions being discharged 
into the wake of the silicon furnace building. In this case, air flow 
around the buildings produces a region of lower pressure on the lee side. 
This drags a plume downwards (Figure 7.2) and increases both the vertical 
and horizontal spread of the plume. The extent of this uenhancementhl 
depends on proximity of the stack to the building. At a certain distance 
(in this case taken as twice the building height from the stack) the 
enhancement is determined by the ratio of effective plume height to 
building height and is: 

Nil if the plume height is more than 3 times the height of the 
building 

Wider dispersion if the plume height is between 1.2 and 3 times 
the height of the building 

Wider and deeper dispersion if the plume height is less than 1.2 
times the height of the building. 

Emission Sources 

Plant emissions were modelled using the above processes from two sources: 

Baghouse 

Silicon smelter furnace during direct venting conditions 

Baghouse 

Under normal operating conditions amorphous silica emissions will be 
restricted to the baghouse. 

The baghouse attached to the silicon furnaces emits heavily diluted 
furnace gases with minimal quantities of entrained amorphous silica 
through a slot vent. A model using a single point emission source is not 
appropriate for this situation. Instead, to simulate a line source, the 
original Gaussian equation is integrated with respect to the cross wind 
dimension to a finite approximation as shown in Figure 7.3, when viewed 
from above. 

For the baghouse, a normal operating case of 5mg/rn3  was used to develop 
a model for normal amorphous silica emissions under a variety of 
atmospheric conditions. Further, an emission level of 50mg/m. was 
assumed for a worst case assessment under the same variety of conditions. 
It is important to note that such a high emission level is not expected to 
occur. 
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Baghouse modelling was carried out for a variety of atmospheric conditions 
from stable to unstable. In addition, modelling for enhancement effects 
due to buildings were also carried out. The results can be summarised as 
follows: 

	

Baghouse: 	1 hourly average (using equation 5.1 of Appendix B) 

Normal operation (source strength 5mg/rn3): 
Maximum nearfield concentration 

	

- 	release at Building Height (Hb) 	0.03mg/rn3  

	

- 	release at 	Hb 	 0.04mg/rn3  

Maximum ground level concentration at 
1.5km distance (Eaton) 	 0.0015mg/rn3  

Worse case operation (source strength 50mg/rn3): 
Maximum nearfield concentration 

	

- 	release at Hb 	 0.29mg/rn3  

	

- 	release at Hb 	 0.44mg/ni3  

Maximum concentration at 1.5km distance (Eaton) 	0.01mg/rn3  

Hb = building height 

In summary, at normal source strength, all ground level concentratiors are 
expected to be less than the target one hour maximum of 0.3mg/rn . At 
worst case, the one hour maximum may exceed this target near the baghouse 
but not at 1.5km (the distace to Eaton). However, the target TLV for 
occupational health (10mg/rn') will not be exceeded within the plant 
site. 

Direct Venting 

On occasion, it will be necessary for operational reasons to vent 
amorphous silica to the atmosphere directly from the furnace rather than 
through the baghouse. This may also occur in unscheduled situations. 

The possibility of "direct venting" necessitates modelling of potential 
emissions during these events. 

The silicon furnace model uses a point source analysis with an 
instantaneous source strength of 2g/m3  for planned direct venting during 
maintenance etc. and an unscheduled source strength of 3.5g/ml  for 
unplanned situations. These source strengths were supplied as worst case 
emissions from similar operational overseas plants. The release height is 
36m (the height of the stacks or, top of the furnace building), and 
modelling was carried out for both baghouse entrainment and no baghouse 
entrainment. Normal and worst case atmospheric conditions were 
incorporated into the model. 
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Results are provided in detail in the air modelling report (Appendix B) 
and may be summarised as: 

Furnace stack: 1 hourly average 

Planned direct venting (source strength 2g/m3) 

Maximum nearfield ground level concentration 
- 	entrainment 
- 	no entrainment 

Maximum concentration at 1.5km distance (Eaton) 

Unscheduled direct venting (source strength 3.5g/m3) 

Maximum nearfield ground level concentration 
- 	entrainment 
- 	no entrainment 

Maximum concentration at 1.5km distance (Eaton) 

more thaq 7.4mg/rn3  
0. 52mg/m' 

0.29mg/rn3  

more than 7.4mg/rn3 

	
I 

0. 81mg/m' 

0.59mg/rn3  

At "nornal" direct venting emissions strength, the target standard 
(O.3mg/m') is exceeded near the source for both entrainment and no 
entrainment conditions, and at 1.5km distance surface concentrations are 
close to the standard. Under unscheduled conditions, maximum 
concentrations at 1.5km exceed the target standard under worst case 
conditions. 

Within the plant boundaries, the TLV target of 10mg/rn3  would probably 
not be exceeded even for the short periods of direct venting. 

The possibility of venting must be carefully considered in the light of 
these results. Direct venting may occur as a result of the following 
events: 

Planned Events 

Extended general inspection once 
per 48 hours of operation 

Minor repairs including stack 
cleaning, repairing damaged or 
leaking parts, refractory linings, 
small parts of equipment. Up to 
lOh per furnace per month 

Likelihood of Direct Venting 

Unlikely 
If occurring, maximum duration 
would be up to 2h/year 

More likely 
Maximum duration of direct 
emission not more than 30 to 40 
minutes and totalling up to a 
maximum of 24h/year 
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Unscheduled Events 
	

Likelihood of Direct Venting 

Unexpected shutdowns due to 	 More likely, with maximum venting 
- electrode breakage 	 of up to 12h/year. Individual 
- stoking machinery damage 	 events less than one hour 
- gas handling equipment malfunction 
Up to 180h/year of shutdown time 
may result 

Total plant electrical interruption 	Some likelihood, with a maximum 
and other major breakdown 	 venting period of up to 12h/year. 
Up to 220h/year of shutdown may 	Individual events less than one 
result 	 one hour. 

Therefore under "normal" events, direct venting would not exceed 26 hours 
per year. Unscheduled events, under a worst case situation may lead to 
direct venting for up to 24 hours per year with maximum duration events of 
less than one hour. 

Conclusion 

Amorphous silica emissions from the silicon plant will arise from the 
baghouse and from direct venting of the silicon furnace. Modelling of 
these possible emissions under normal and worst case atmospheric and 
positional conditions, show higher than acceptable ground level 
concentrations at 1.5km from the source for the silicon furnace only under 
direct venting conditions. 

These conditions have been estimated to occur for a maximum probable 
period of 50 hours per year and a normal probable period of not more than 
30 hours per year. The duration of such events is expected to be less than 
one hour on average. Moreover, operational direct venting may be timed to 
avoid certain wind and atmospheric conditions so as avoid the possibility 
of nuisance dust in residential areas. 

The proponent contends that the plant will have emissions and ground level 
concentrations in most circumstances at levels within recognised 
standards. Short term events when levels may be exceeded are unavoidable 
in silicon manufacture and are not expected to create an unacceptable 
nuisance to the public. 
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7.4.4 	Noise Emissions 

Noise Levels Within the Plant 

Noise control in the workplace may be achieved in many ways including 
plant design, enclosures and insulation, regulation of work patterns, and 
the issue and requirement to wear hearing protection. 

The proponent has had noise levels taken at an operating silicon plant in 
the USA for the purposes of this report and these correspond closely to 
data for the silicon plant at Electrona in Tasmania (Environmental & 
Technical Services, 1985). The information suggests that the occupational 
noise standards may be exceeded by various plant components especially in 
the baghouse and furnaces (see Table 7.1). In areas close to these noise 
sources it is probable that requirements for workers to wear hearing 
protection will be necessary to ensure compliance with the Noise Abatement 
(Hearing Conservation in Workplaces) Regulations 1983. However, 
engineering design of the plant is continuing with the objective of 
reducing potential noise levels. 

Noise Levels Beyond the Plant 

A specialist assessment of the potential noise emissions from the proposed 
silicon complex has been made and is included as Appendix C. 

This study was required to: 

establish existing background noise levels within the vicinity of 
the proposed location 

identify possible acceptable noise levels 

estimate potential noise levels that may be produced by the 
project, and 

discuss methods for noise attenuation, where required 

Field measurements of existing noise levels were carried out during normal 
working hours and at night time at Eaton, 1.5km to the north of the 
proposed plant site and at the proposed Glen Iris estate 1.5km to the west 
(marked A and B in Figure 7.4). 

An absolute minimum reading of 30dB(A) occurred for only a few seconds 
during extended periods of measurement with an average background level of 
33dB(A) occurring for the majority of the analysis period. 
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The noise regulations associated with the Environmental Protection Act 
1986 pertaining to neighbourhood annoyance, are designed to enable noise 
emissions to be controlled within levels considered reasonable for the 
general environment in which people live (see Table 7.1). The description 
of "neighbourhood" is based on the nature of the environs within a radius 
of 200m from the dwelling or public building from where a complaint 
originates. 

The Eaton area, in terms of the Noise Abatement Regulations, is considered 
to be within category A2, which has an assigned outdoor noise level of 
35dB(A) between 10pm and 7am. However, the completion of the Australind 
bypass road system could change this category to Bi which has an assigned 
outdoor noise level of 40dB(A) between lOam and 7am. 

Therefore, the recommended standard for acceptable noise emissions at 
Eaton, is considered to be 40dB(A), between the critical hours of 10pm and 
7am. Similarly, the maximum acceptable level for weekdays (7am-7pm) is 
considered to be 50dB(A). 

If industrial activities at the Picton site were conducted without control 
measures, levels at Eaton would be as follows: 

Daytime 	Night (lOpm-7am) 

Normal 	 39dB(A) 	 34dB(A) 
Plus adverse weather (inversions) 	44dB(A) 	 39d3(A) 
Plus tonal component 	 49dB(A) 	 44dB(A) 

In addition, occasionally a 12 gauge shotgun may be required to unblock 
the furnace tapping outlets. This is the loudest item in the plant and 
could increase the noise level at Eaton for short periods to 55dB(A) 
during normal weather conditions, and 60dB(A) during adverse weather, if 
unattenuated. 

Under worst case weather conditions the levels of an open air plant could 
increase by a further 5dB(A) for short periods. Therefore, during extreme 
adverse weather the total noise levels could exceed the target standards 
adopted above both during the daytime (target maximum 50dB(A)) and at 
night (target maximum 4OdB(A)). 

The regulations relating to environmental noise state that assigned noise 
levels may be exceeded by up to 5dB(A) before the authorities are required 
to initiate action to achieve a reduction in noise levels. Thus, noise 
control measures could be required due to night time noise levels or at 
anytime the shotgun was in use. 

As a result the specialist analysis recommends noise amelioration of some 
or all of the following items: 

mobile equipment 
docking plant building 
furnace building 
ladle cleaning 
crusher and screening building 
shotgun 
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TABLE 7.1 

ASSIGNED OUTDOOR NEIGHBOURHOOD NOISE LEVELS dB(A)* 

• Monday- Friday 
Use of premises Description of neighbourhood Monday- 1900-2200 hrs Always 

Cat. 	at place of in which 	place of reception Friday weekends 	ar.d 2200-0700 
reception is situated 0700-1900 Public Holidays hrs 

hrs 0700-2200 hrs 

A 	Residential, l.Only or predominantLy country, 40 35 30 
domestic or with negligible transportation 
private 2.Only or predominantly 65 60 35 
recreational residences with infrequent 

transportation 

B 	Residential, l.Other residences with schools, 50 65 	 40 
educational, hospitals and the like or with 
hospital medium density transportation 
or the like 2.0ther residences with some 55 50 	 35 

commerce, 	some light industry 
or places of entertainment or 
public assembly, 	or with dense 
transportation 

3.Predominantly commerce or 
light industry or places of 
entertainment or public 
assembly or with very dense 
transportation 

4.?redominantly industry,or with 65 60 	 55 
extremely dense transportation 

C 	Commercial l.Predominantly residential or 50 45 	 40 
entertainment or with schools, hospitals and 
public assembly the 	like, 	or with medium 

density transportation 
2.Some other commerce or light 55 50 	 45 

industry, 	or with places of 
entertainment or public 
assembly, or with dense 
transportation 

3.Predominantly commerce or 60 at any time 
light industry with very 
dense transportation 

4.Fredominantly industry, 	or 65 at any time 
with extremely dense 
transportation 

D 	Industrial l.Predominantly residentiaL or 55 50 	 45 
with schools, 	hospitals and 
the like, 	or with medium 
density transportation 

2.Predominantly commerce or 60 55 	 50 
other light tndustry,or places 
of entertainment or public 
assembly, or with dense 
transportation 

3.Predominantly other comparable 65 at any time 
industry, or with very dense 
transportation 

4.Predominantly heavy industry 70 at any time 
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With feasible noise control measures for these items, the predicted noise 
levels become: 

Daytime 	Night (10pm-7am) 

Normal 	 35dB(A) 	 32dB(A) 
Plus adverse weather (inversions) 	40dB(A) 	 37dB(A) 
With shotgun 	 41dB(A) 	 39d8(A) 

Therefore the complex would meet the target standards suggested above. 

The proponent proposes to design the silicon complex to enable the full 
range of attenuation measures itemised above to be implemented, and will 
incorporate certain of the measures during construction. However as the 
above estimates are based on assumed sound levels which may not actually 
apply to the plant and equipment ultimately used, it is proposed not to 
immediately implement the full range of noise control measures. Rather the 
proponent would prefer to take noise measurements of critical items once 
installed and then to decide whether noise attenuation is actually 
required. If a comprehensive range of noise attenuation measures is shown 
to be necessary, these will be installed. This strategy could result in 
substantial cost savings to the proponent, if it is endorsed by the 
Environmental Protection Authority. 



SECTION 8 

ENVIRONMENTAL MONITORING PROGRAMME 



8.1 	QUARRY AND FOREST OPERATIONS 

The Wundowie ERMP discussed in detail necessary environmental monitoring 
requirements for appropriate management of the Moora quarry and of wood 
gathering and transport components of this project. These monitoring 
requirements may be summarised as: 

Quarry Operations 

Preliminary flora assessment for rehabilitation planning. 

Water management of site runoff. 

Dust control, and monitoring as required to ensure minimisation. 

Noise monitoring as required. 

A watching brief regarding general site management to minimise 
unnecessary localised disturbance of wildlife and flora. 

Wood Gathering 

CALM's monitoring programmes to ensure forestry contractors 
operation are appropriate and in accordance with acceptable 
management practices. 

CALM's monitoring of water quality from resource blocks to manage 
runoff. 

CALM's monitoring of disease affected blocks and disease 
protection practices to ensure operations for silicon project do 
not spread dieback. 

CALM's monitoring of transport activities to ensure safe operation 
and minimisation of impacts. 

The proponent's post-graduate research programme monitoring to 
manage the impact of sourcing dead stands and dead fallen timber 
on forest ecosystems. 

8.2 	THE CHARCOAL/SILICON COMPLEX 

8.2.1 	Air Quality 

The proponent will develop a comprehensive air emission and atmospheric 
monitoring programme in consultation with the EPA, to establish the 
environmental impacts from the project's operation. Through the analysis 
of these monitoring results the proponent may be able to improve and 
optimise its operations to minimise environmental impact. The EPA will be 
able to assess plant operations in regard to any conditions established 
for acceptable emissions and implement remedial action if necessary. 



The proponent will install air monitoring equipment as recommended by the 
EPA and will operate and maintain this equipment to the satisfaction of 
the EPA. It is the practice for the EPA to routinely take duplicate 
samples to chGck and calibrate the proponent's monitoring equipment, as 
required. 

	

8.3 	NOISE 

The proponent, in addition to seeking methods to consistently reduce noise 
emissions at their source, will routinely monitor the efficiency of 
silencers and noise attenuation equipment and will take remedial actions 
where necessary to minimise noise emissions. The monitoring programme will 
be developed during detailed design phase of the project in consultation 
with the EPA and noise specialists. 

	

8.4 	WATER 

As noted in earlier sections, the proponent will develop a water drainage 
network to collect site runoff into a sedimentation pond designed for a 
one-in-five year flood event. The settled water will be monitored before 
discharge, in accordance with a programme developed in consultation with 
the EPA. This monitoring will establish the need for additional treatment 
of collected waters and will act as a watching brief for the EPA to ensure 
compliance with any conditions for discharge. 

	

8.5 	WASTES 

Wastes generated within the site are predominantly in the form of 
unsaleable by-products. Solid wastes will be carefully monitored to 
maximise recycling and resale wherever possible. Solids requiring disposal 
will be collected and transported to an approved landfill and will be 
subject to control by the EPA. 

Waste waters will contain silica fumes, charcoal fines and some oil and 
grease from plant. These waters will be collected in on-site evaporation 
lagoon or lagoons. Lagoons will be routinely monitored for solids build-up 
and will be managed such that one lagoon is in operation while the other 
is being maintained. Part of the maintenance programme will be the 
checking of any liners for leakages. Monitoring of the waste management 
system will be developed in consultation with the EPA. 



SECTION 9 

CONCLUSIONS AND COMMITMENTS 



	

9.1 	OVERVIEW 

A combination of raw materials available in the south-west of Western 
Australia offers an opportunity to develop an industry capable of 
producing silicon of exceptionally high purity. Such an industry would 
generate significant employment and revenue and could provide a stimulus 
to high technology industries both in Western Australia and nationally. 
The industry will have some environmental impact, but it will also promote 
some desirable environmental management and conservation objectives. 

	

9.2 	MINING OPERATION AND WOOD SUPPLY 

Although dealt with extensively in the Wundowie ERMP and substantially 
unchanged from the practices then proposed, additional benefits in the 
relocation of the silicon facility to Picton have been realised in that 
rail transportation of quartziteis now possible. 

The quarry rehabilitation plan, which will be prepared in association with 
the Department of Mines, will ensure continued protection of the 
restricted plant species, Regelia megacephala and will ensure 
management of the site to minimise environmental effects. 

Wood sourcing in the lower Harvey and Collie Region of State Forest have 
enabled CALM to implement their preferred silvicultural practices and 
maximise the treatment of dieback infected areas. 

Relocation of wood sourcing blocks from the Dwellingup area to the Collie 
area has also reduced the potential activity on certain transport 
corridors through use of a wider and more diverse network of forestry and 
improved roads. 

	

9.3 	CHARCOAL AND SILICON PROCESSES 

The combination of the charcoal and silicon processes at the Picton site 
will be in accordance with the region's proposed zoning and development 
policies for industrial development. 

Design of the combined charcoal and silicon plants is the most modern 
available and incorporates a number of developments in environmental 
management and protection. 

Analysis of potential environmental impacts has emphasised air and noise 
emissions. The air emissions are well within acceptable criteria for the 
majority of the plant's operation, but may exceed target criteria during 
certain operations and emergency conditions when direct venting from the 
silicon furnace may be necessary. Such events are expected to be of 
limited duration and are not expected to present a significant nuisance to 
residents of the area. Air emissions will be licensed with the EPA and 
will be closely monitored to ensure compliance. 
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Potential noise emissions will be close to background levels at the 
nearest residential area provided the necessary attenuation equipment and 
sound management practices are implemented. Routine monitoring of process 
and plant equipment will be carried out to ensure remedial action is 
undertaken as required. 

9.4 	MANAGEMENT COMMITMENTS 

The proponent has made the following commitments in this document with 
regard to environmental management and control: 

Mining Operations and Transport 

The quarry operations will be managed to ensure minimum noise 
disturbance. 

Dust control will be implemented for both the mining and crushing 
operations and for transported quartzite. 

Site rehabilitation will be developed in the form of a 
rehabilitation plan. This plan will be prepared in close 
consultation with the Department of Mines. 

Wood Gathering and Transport 

The proponent will fund a post graduate research project under the 
supervision of CALM to evaluate the effects of silvicultural 
practices, specifically developed for the silicon project. The 
project will focus on flora and fauna aspects of the forest 
ecosystems. 

Picton Site 

A comprehensive landscape and screening plan will be developed to 
minimise the visual impacts of the plant to the local area. 

The proponent will optimise water conservation and recycling on 
the site and will liaise with the Western Australian Water 
Authority (WAWA) for a licence to extract bore water for use on 
the site. Application will be made to the EPA for discharge of 
treated runoff to nearby watercourses. 

The proponent will brief local authorities with respect to 
emergency contingency planning and safety at the site and will 
develop a regional contingency plan, as required. 
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Wood handling and milling will be managed using appropriate safe 
working practices. 

Wood mill by-products will be preferentially sold and only non-
saleable products will be burnt in the wood waste incinerator. 

Charcoal retorts will be operated under negative pressure to 
minimise fugitive emissions. 

Dust control will be extensively practised where quartzite and 
silicon handling activities occur. 

Comprehensive monitoring programmes for air, noise, water, and 
waste will be developed to control environmental impacts in 
accordance with the requirements of the EPA. 
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GUIDELINES FOR THE PUBLIC ENVIRONMENTAL REPORT 
ON THE PROPOSED RE-SITING 

OF THE WA SILICON TRUST PROJECT AT PICTON 

The PER should relate specifically to the re-siting of the proposed silicon 
smelter and charcoal plant. It is not necessary again to report in detail on 
those parts of the project unaffected by the re-siting. The PER should 
concentrate on the new location and its implications for transport of raw 
materials and the environmental impact of the combined charcoal plant and 
silicon smelter. 

	

1. 	SUMMARY 

The PER should contain a brief summary of: 

salient features of the proposal; 

alternatives considered; 

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

environmental monitoring and management programmes, safeguards and 
commitments; and 

conclusions. 

	

2. 	INTRODUCTION 

The PER should include an explanation of the following: 

identification of proponent and responsible authorities; 

background and objectives of the proposal; 

brief details of, and timing of the proposal, 

relevant statutory requirements and approvals; and 

the scope, purpose and structure of the PER. 

NEED FOR THE PROPOSAL 

The PER should briefly examine the justification for the proposal, 
especially in its relationship to the principal development on the Picton 
site. Broad costs and benefits of the proposal at local and regional levels 
should also be briefly discussed. 

EVALUATION OF ALTERNATIVES 

A discussion of the alternative sites at Picton and scales (sizes) of 
operation of the proposal should be provided. This discussion should clearly 
explain the rationale for choosing the preferred option. 

PROPOSED LOCATION 

The proposed location is to be described, including: 

cadastral and zoning information; 
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relationship and relevance to land use zoning described in the Bunbury 
Region Plan; 

adjacent land uses, both current and proposed, as identified in the 
Bunbury Region Plan; 

location of structures etc on the site; 

location of structures to be built on the site; and 

provision of services, including power/gas, water and drainage. 

QUARTZITE MINING AND TRANSPORT 

The discussion of the mining operation at Moora need only be brief, but it 
should address issues identified in EPA Bulletin 279 in relation to 
quartzite mining. 

There should be a detailed discussion of the proposed arrangements for the 
rail transport of the quartzite to the Picton site. 

TIMBER GATHERING AND TRANSPORT 

The brief discussion of the supplying of wood for the charcoal plant should 
include reference to the forest management issues raised in EPA Bulletin 
279. Any changes to the resource base from State Forest should be 
identified. 

There should be a detailed coverage of the proposed arrangements for 
transporting the wood to the charcoal plant, with appropriate assessments of 
the impact on the proposed routes. 

PICTON SITE ENVIRONMENTAL IMPACT AND MANAGEMENT 

This section should show the overall effect on the environment of the 
proposal at the new location during and after construction. Transportation 
issues may be addressed separately in the section. 

Impacts should be quantified where possible. Criteria for making 
assessments of their significance should be outlined. Compliance with 
relevant standards and statutes should be demonstrated. 

The following potential environmental impacts should be included: 

effects on geomorphology, land stability and landscape; 

effects on drainage and water quality (surface and ground); 

effects on biota; 

effects of emissions (air, water and noise); 

solid waste management; 

impact on land use including any conservation and recreation aspects; 

effects on access and transport systems; 
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effects on existing community facilities and services including water 
supply and electricity supply; 

impact of construction and operational workforces; 

effects on contingency planning and safety; and 

visual impact. 

It should be noted that air and noise emissions, and visual impact are 
likely to be key issues and therefore should be addressed in considerable 
detail. 

Discussion of air emissions should include predictions of likely ground 
level concentrations of air pollutants released from the plant, identi-
fication of any odour-producing processes and details of the measures being 
taken to control their emission to the atmosphere. 

There should be predictions of the levels of noise emissions from the 
operating plant. These levels should be compared with current background 
noise levels in all likely affected areas for all times of day and night. 

Predicted noise emissions should indicate the likely presence of special 
characteristics (eg tonal components) which are likely to affect the level 
of annoyance generated by the noise. 

A description of day to day procedures should be included. 

Consideration of the visual impact should cover lighting at night. An 
artist's impression of the plant would be helpful. 

The PER should consider potential cumulative impacts in the context of past 
and present developments as well as this proposal. 

An environmental management programme should be described on the basis of 
(and cross-referenced to) the potential environmental impacts described. Its 
relationship to requirements under the State Agreement should be 
identified. 

The purpose of the management programme is to demonstrate the manner in 
which potential environmental impacts can be ameliorated. 

Those responsible for management should be clearly identified as should 
management administration, Costs and funding. 

Commitments should be given to the environmental management programme. 

The PER should include an indication of the likely life of the project and 
preliminary plans for decommissioning the plant. 

9. 	MONITORING 

The systems for the treatment and control of air, water and noise pollution 
will require monitoring to ensure that they are operating efficiently and 
the receiving environment will require monitoring to ensure environmental 
impacts are constrained to an acceptable level. The specification of a 
monitoring programme should be given and responsibility for the operation of 
that system should be assigned. 
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10. 	CONCLUSION 

GUIDELINES 

A copy of these guidelines should be included in the document. 

REFERENCES 

All references should be listed. 

APPENDICES 

Where detailed technical or supporting documentation is required, this 
should be placed in appendices. 

COMMITMENTS 

A list of all environmental management commitments should be given. 

OTRJMWAS 
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1. 	INTRODUCTItJ 

It is currently proposed to establish a silicon plant at Picton, 
Western Australia (figure 1.1). As part of the environmental 
assessment for the project, Steedman Limited was contacted to 
investigate the air quality due to emissions from the proposed 
plant. Chapter 2 of this report discusses the climate and 
meteorology of the south west of Western Australia. Of particular 
importance are the wind speed, atmospheric stability and inversion 
heights which influence the ground level concentrations of 
airborne emissions from the plant. 

Chapter 3 describes the air quality modelling and the methods used 
to estimate the ground level concentrations for emissions from the 
proposed silicon plant. The plant emission characteristics which 
include baghouse furnace and charcoal plant incinerator are 
suninarized in chapter 4. The model results are discussed in 
chapter 5 and presented in the appendices. 
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2. 	CLIMATE OF THE BUNBURY REGION 

2.1 Introduction 

The port of Bunbury is located on Australia's west coast at a 
latitude of about 33019' south. A narrow coastal plain, 
approximately 20 to 30 km wide, separates Bunbury from the Darling 
Scarp, which rises abruptly about 300 m to the Western Australian 
Plateau. The Collie, Brunswick and Preston Rivers all have their 
mouths near the port. 

The climate of the west and south coasts of Western Australia is 
the result of a complex interaction of synoptic scale, mesoscale 
and microscale meteorological systems. 

The synoptic scale systems (of the order of 1000 km), such as the 
subtropical anticyclones (high pressure cells) and the more 
southerly cold fronts and depressions (low pressure cells), have 
their major influence in determining the normal or average 
conditions which will prevail at any given location. The south 
west region of Western Australia has a distinct seasonal variation 
in climate, brought about by the latitudinal movement of the 
subtropical high pressure belt. 

Mesoscale systems (of the order of 100 km), also contribute to the 
seasonal climatic variability of the region due to their variation 
in intensity and frequency of occurrence. Mesoscale systems which 
have a predominant influence on the climate of the south west 
region during the sunmer months include the land-sea breeze 
system, the Western Australian heat trough and dissipating 
tropical cyclones. Microscale systems of the order of 10 km), 
such as thunderstorms, tornadoes and whirlwinds, have a more 
marked effect on meteorological extremes experienced at any given 
location. 

Table 2.1 suninarizes the climatic averages for Bunbury. 

2.2 Humidity 

The humidity of air is best expressed as relative humidity. 
Relative humidity is the percentage ratio of the weight of water 
vapour present in air compared to that in saturated air at the 
same temperature. it is coninonly determined from measurements of 
wet and dry bulb temperatures. Dry bulb temperature is the 
temperature of ambient air. wet bulb temperature is the lowest 
temperature to which ambient air will be cooled by freely 
evaporating water into it. It represents a measure of discomfort 
caused by hot weather, with wet bulb temperatures in excess of 
21°C becoming uncomfortable, and in excess of 24°C becoming 
oppressive. tw point is the temperature at which water will 
begin to condense from ambient air. During the suxmner months, 
though humidity is lowest, wet bulb temperatures are highest. on 
average, wet bulb temperatures in excess of 24°C are recorded on 
three to four days during December to March. 
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2.3 Temperature 

Table 2.1 lists average monthly value of the 14 and 86 percentiles 
as well as mean daily temperatures. The 86 percentile is the 
temperature such that at least 86% of recorded temperatures are 
equal to or smaller than that particular temperatures (i.e. 14% of 
recordings are greater). 

The 14 percentile is defined in the same way. These figures 
provide an indication of the average weekly range of recorded 
temperatures. Temperature records have been maintained at Bunbury 
for over 70 years. Daily and seasonal extremes of temperature are 
constrained due to the moderating influence of the adjacent ocean. 
The hottest month of the year is February (average daily maximum 
27.9°C) with a highest maximum ever recorded of 41.2°C. The 
coldest month of the year is August (average daily inininim 8.35C), 
with the lowest minimum of -2.2°C. Frosts occur, on average, 
twice per year, usually in June or July. 

2.4 Rainfall 

In addition to the mean or average rainfall for each month, table 
2.1 also lists the median value. The median is the 50 percentile, 
such that 50% of the rainfall records are equal to or less than 
the median value. It provides an indication of the persistence of 
the rainfall. The mean number of rain days per month is also 
included, providing an indication of the intensity of rainfall. 

Rainfall records for Bunbury have been maintained for almost 100 
years. The annual average of 881 imn is well established, as is 
the seasonal variation, with 64% of the total falling in winter 
(June to September) and only 7% during sununer (December to March). 

Most of the winter rainfall is associated with the passage of cold 
fronts across the south west region, and is fairly intense. 
thunderstorms occur, on average, on about 15 days each year in any 
season. They are occasionally accompanied by hail. 

2.5 Winds 

A suzary of the monthly surface wind analysis is presented in 
figure 2.1, in the form of wind speed/wind direction roses, 
(reproduced from Department of Conservation and Environment, 
1985). In sunmer, winds are predominantly from the south east, 
south and south west octants. The strong (between 5 to 10 m s 1  

sunmer easterlies and south easterlies usually occur in the 
morning and result from a combination of the land breeze system 
and the relative southerly location of the location of the sub-
tropical high pressure high ridge (section 2.1). the afternoon 
winds are predominantly west to south westerly, relatively strong 
(5 to 10 m 1) and represent an obvious manifestation of the sea 
breeze system. 
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The strongest winds of the winter months are associated with the 
passage of cold frontal systems across the region. winds rarely 
exceed 14 in 1 and are usually west to north-westerly. 

Extreme wind conditions, large deviations from the storm, can 
occur as a result of a number of different meteorological 
processes. The principal causes of extreme wind conditions in the 
south west region of Western Australia include the passage of a 
strong cold front, the novent of a dissipating tropical cyclone 
over the area, the location of an intense anticyclone to the south 
of the region (for strong winds) or over the region (for calms), 
as well as local occurrences of thunderstorms, tornadoes and 
whirlwinds. Table 2.2 suninarizes the influence of these 
meteorological events on the winds experienced in the south west 
region. 

4 
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3.2 

AIR QU1LITY MODELLING 

Outline 

Standard modelling procedures were used to assess the air quality 
downstream from the proposed plant. The techniques closely follow 
the ICS and IBP dispersion models reconmended by the USA 
regulatory authority, the Environmental Protection Authority (EPA, 
1979 and 1980) and used by The Aluminum Association Inc. (Schulman 
and Scire, 1980). Further improvements are discussed by Schulman 
and Hanna (1986). 

In this study the steady state Gaussian plume for a continuous 
source was used to estimate the ground level concentrations for 
emissions from the proposed silicon plant. To determine the 
ground level concentrations estimates of the following parameters 
are required: 

the source mass flux and emission characteristics, to 
determine plume rise and effective stack height; 

the building down wash and local mixing caused by the 
baghouse; 

the horizontal transverse and vertical dispersion 
coefficients, a, and ç, respectively; 

the atnspheric stability which influences the magnitude 
of both horizontal and vertical dispersion coefficients 

and ç); 

the surface wind speed and direction, and the inversion 
height. 

The following sections will provide further description of the 
model, the associated parameters and references of the methods. 
For the purposes of this report no detailed mathematical 
presentation is given. The mathematical detail is available upon 
written request. 

Gaussian Plume Equations for Point and Line Sources 

The basic Gaussian plume equation for the concentration, at a 
ground-level, receptor and a point source emission is given by: 

x 	 ________ 	r H2  exp 
- 	

1 - 
[2 ;: 	exp - 12 

;2] ' 	(3.1) Jtay a. U8 

where 

X 	is concentration (gAn3 ) 

3. 

3.1 
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y is crosswind distance (m) 

Q is pollutant emission rate (g/s) 

U5  is mean wind speed (m/s) at stack height 

is crosswind standard deviation of the concentration 
distribution (m) 

ç is vertical standard deviation of the concentration 
distribution (in) 

H is effective stack height 

The empirical dispersion coefficients, a and aused in the BLP 
model (Schulman and Scire, 1980) are piecewise bits to the 
stability and distance dependent curves in Turner (1970) and are 
described in section 3.3. The effective stack height, H, is the 
sum of the physical stack height, H5 , and the plume rise, oh, 
(section 3.5). The mean wind speed is the stack height wind 
speed. 

In the neutral atmospheric boundary layer, the vertical diffusion 
of a plume is sometimes limited by a stably stratified inversion 
layer above the mixed layer. The plume is assumed to be reflected 
at this interface as well as at the ground. The method of image 
sources is used to model these reflections (Turner, 1970). 

The basic Gaussian plume equation 3.1 can be extended to simulate 
a line source. Equation 3.1 is integrated over the line source 
length. In practice the line source is approximated by a series 
of point sources. It follows that the integration over the line 
source is then approximated by the sum of all of the point sources 
in the line (e.g. Zininerman and Thompson, 1975; Schulxnan and 
Scire, 1980). 

3.2 Dispersion coefficients 

The horizontal transverse and vertical dispersion coefficients, cry
and o, respectively, as functions of downstream distance x and 
atmospheric stability were estimated from Briggs (1973). Table 
3.1 (taken from Gifford, 1975) lists the formulae for a and a5  as 
functions of x for Pasquill stability clauses A, B to F. 

Following Hanna et al. (1982) the value of ; was also corrected 
for the site surface roughness height z. The surface roughness 
height was set at z0  - 0.1 in. 

3.3 Point Source Building Down Wash 

The proposed baghouse is a low long building where the atmospheric 
emissions escape to the air over the length of the building. The 
effective emission height is not sufficiently great enough to 
avoid the localized building downwash. The building downwash is 
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caused by the aerodynamic effects of wakes and eddies shed from 
the building (Huber and Snyder, 1976; Huber, 1977; Schulman and 
Scire, 1980; Schulman and Hanna, 1986). 

The point source downwash modelling is based upon an initial 
dilution of the plume, R0, caused by the high entrainment rate 
associated with the building wake region. The initial plume 
dilution radius is used to calculate an enhanced initial vertical 
dispersion parameter, a 	and an enhanced horizontal, dispersion 
parameter, a, as well 'depending upon the degree to which the 
plume downwasies. Dispersion coefficients are adjusted using the 
method of virtual sources. At any downwind distance, x, the 
virtual distance, x, is added to the actual distance (x) in the 
computation of the distance dependent dispersion parameters, a, 
and a . The initial, virtual distance for a (i.e., x,, (a )) is 
usually not equal to the virtual distance ?or, ; (; (ç0 , so 
each is calculated independently (e.g. Schulman and Scire, 1980). 
The reduced plume buoyancy and its effect on the initial plume 
dilution is also included in the plume rise modeling. 

Following Schulman and Scire (1980) the virtual distances are 
given by 

and 

a 0  b 
x(a0) . (_) a) (3.2) 

_ 
(a-.O.1bY  

where a,, b., a , bE  are  stability-dependent 
tables 3.2 and Y3.2). the coefficients by  and 
O 1U'A. bE  anda -A.1, B byb -1/Be  andb 

(3.3) 

coefficients (see 
bE  are related to 
- 

Plume rise from tall, buoyant point sources has been extensively 
studied and is well represented by the equations of Briggs, 1975. 
Plume rise from low-level sources can be affected by vertical wind 
shear and downwash. These effects are generally not important for 
taller stacks and are not treated by the Briggs equations. The 
BLIP model uses a set of plume rise equations developed to 
incorporate the effects of vertical wind shear and downwash on plume rise. These equations are consistent with, and reduce to, 
the Briggs point source plume rise equations when there is no vertical wind shear or downwash; i.e. the downwash radius R.,, 
approaches zero. 

Observational studies of rows of point sources (e.g. Briggs, 1971, 
1975) and wind tunnel studies of line sources indicate that the 
plume rise from closely spaced point sources, or line source, is 
substantially different than that from an isolated point source. 
Plumes from a line sources tend to rise higher when the wind is 
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aligned along the long axis of the line source than when the wind 
is perpendicular to the line. Also, line source plumes exhibit 
dependencies on the buoyancy, mean wind speed and distance, which 
are different from those of a point source plume. Multiple rows 
of closely spaced line sources can also result in significant 
plume rise enhancement over that of an isolated line source plume. 
Roof-level line source releases are susceptible to building 
downwash, which tends to reduce plume rise. Also, vertical wind 
shear is often important for these low-level sources. The plume 
rise relationships of tall, isolated point sources are not 
adequate to represent the complex low-level line sources of the 
baghouse. 

Schulman and Scire (1980) have developed a set of line source 
equations. These equations incorporate the following important 
effects: multiple-line plume rise enhancement, plume rise wind 
direction dependence, vertical wind shear, and building downwash. 
In the limit as the line length approaches zero, the line source 
plume rise equations reduce to the point source equations; if 
wind shear and downwash effects are neglected, the line source 
plume rise equations will reduce to the Briggs point source plume 
rise equations. These techniques were used in this study. 

1.1 
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4. 	PLANT EMISSION CHARACTERISTICS 

Sources of atmospheric emissions from the silicon plant include 
the baghouse, furnace and charcoal plant incinerator, summaries 
of the major emissions produced are contained in table 4.1. 

The slot vent along the top of the baghouse was simulated by the 
point sources. The total volume flux was 480,000 Nm3  hr' at 
160°C, with a worst case particulate concentration of 50 mg nr 3 , 
and a typical concentration of 5 mg m. 

Direct venting of gas from the furnace to the atmosphere under 
emergency conditions was simulated by a point source of volume 
flux 235,000 Nm3  hr' with a maximum dust load of 3.5 g Nm-3  and 
average load of 2 g Nm-3 . 

The retort gas incinerator will operate at a volume flux of 60,000 
N& hr' at a temperature of 460°C. Gas composed of N2 , 02  F 

H20 
and CO2  will be emitted through a single 47 m stack. 
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5. 	MODEL RESULTS 

For the baghouse two entrainment scenarios were modelled for each 
of the two mass flux estimates (5 mg nr 3  and 50 mg nr 3 ). Both 
considered that the dispersion-enhanced plume was released into 
the building wake, however, one case assumed release at half the 
building height, the other at the building height. The centre 
line ground level concentration was calculated as a function of 
downwind distance for Pasquill stability classes A to F and 
appropriate wind speeds and mixing heights. Worst case conditions 
have been considered. 

Plots of 10 minute averaged ground level concentration for both 
the high and low dust loads, appear in appendix A. Ground level 
concentrations for emissions trapped in the building wake at the 
height of the baghouse are given in figures A1.1 to A1.6 and A3.1 
to A3.6. Modelled estimates for emissions released at half the 
baghouse height appear in figures A2.1 to A2.6 and A4.1 to A4.6. 

The increased near field, ground level silica dust concentrations 
are due to downwash and subsequent entrainment of the plume in the 
building wakes. Irrespective of stability class, or mixing 
heights, the maximum ground level concentrations occur for wind 
speeds in the region of 3 m s'. For a dust load of 5 mg nr 3  and 
entrainment modelled to occur at the height of the baghouse, the 
maximum ground level concentration is less than 40 ug ixr 3 . For 
entrainment at half the building height, the maximum 
concentrations are slightly higher, but remain less than 
50 pg ni 3 . 

Similarly, the increased dust load (50 mg rn-3 ) produces a higher 
maximum concentration of approximately 400 pg nr3 . 

Corresponding 1 and 24 hour average estimates are given by the 
relation (Turner, 1970), 

X t - X 10 sins (1/6t)017 

Downwash of the plumes arising from the furnace and incinerator 
stacks due to the baghouse will occur only when the baghouse is 
downwind of the point sources. With the proposed plant 
configuration, this will occur during south easterly, southerly 
and south westerly winds. The dispersion from the furnace stack 
was modelled for the case of entrainment in the baghouse wake, and 
for the case when no entrainment of the plume occurred. Resulting 
ground level concentrations of silica dust for the average dust 
load (2 g nr 3)  and maximum load 3.8 g nr 3)  are presented in 
appendix B. 

If entrainment within the wake of the baghouse of the gases 
released during an emergency venting of the furnace occurs, high 
ground level concentrations of silica dust will result. Maximum 
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ground level concentrations in excess of 10 Aug nr3  were modelled 
within the vicinity of the baghouse. However, if downwash is 
avoided by placement of the furnace vents sufficiently distant 
from the baghouse, the high near field ground level concentrations 
can be prevented. 

Emissions from the vertical retorts connected to the gas 
incinerator are composed of N21  02  H20 and CO2 , none of which are 
toxic. However, chemical reactions may occur downwind generating 
additional oxides. These emissions were modelled using a total 
mass flux of 9.6 x 103 g s'. Ground level concentrations, for 
various wind speeds, Pasquill stability classes A to F and 
appropriate worst case mixing heights are given in appendix C. 
The ground level concentration of each component, can be 
calculated by multiplying the plotted concentrations by the 
appropriate mass fraction. The effective plume height of the 
gases from the incinerator retorts is sufficient to prevent 
entrainment within the baghouse wake. 

11 
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Mean 	 16.5 	16.6 	14.9 	12.9 	10.7 	9.3 	9.3 	3.3 	9.5 	10.9 	12.1 	15.0 	12.2 
16 Percentile 	20.0 	20.0 	13.3 	16.7 	11.2 	13.4 	32.6 	12.1 	12.9 	13.9 	36.0 	11.5 
11 Percentile 	12.9 	13.0 	11.4 	9.0 	7.2 	6.3 	5.7 	S.0 	6.2 	1.3 	9.6 	11.4 

Rainfall () 
Bean 	 10 	12 	23 	46 	129 	136 	174 	326 	*1 	55 	25 	14 	331 
Bedias 	 S 	S 	II 	33 	125 	174 	360 	113 	71 	50 	19 	1 	155 

Raindays (N) 
Bun 	 3 	3 	I 	I 	14 	II 	20 	Il 	11 	11 	6 	I 	122 

Table 2.1 	Summary of the climatic averages of Bunbury (from Climatic 
Averages of Western Australia, Bureau of Meteorology, 1975). 



STEEDMAN IJMITED 

Principal Average Typical 10- Typical 3- 
Ave rage 

Storm type months of storm mm. average sec. wind 
number of 

occurrence duration wind speed gusts 
occurrences 

 
per year 

Strong cold June to 
12-36 hrs 20-30 In s_ i  40 in 5 front September 

Dissipating March to 
12-36 hrs 20-30 in s' 40 In 5 0.5 tropical cyclones April 

Pressure gradient December to 
24-72 hrs 15-25 in s_i 35 in s 3 storms April 

Calms June to 
24-72 hrs < 	5 M S-I N.A. 4 September 

Thunderstorms All year < 1 hr N.A. 35 in s' 15 

Tornadoes All year < 1 hr N.A. 100 in s 1  Undetermined 

Whirlwinds December 
< 1 hr N.A. 35 in s Undetermined to April 

Table 2.2 Summary of the effects of meteorological events influencing 
the extreme wind conditions of the south west of western 
Australia. 
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Pasquill (m) (m) 
Type 

A 0.22 X (1 + 0.000IX) 0.20X 

B 0.16 X (1 + 0.0001X) 0.12X 

C 0.11 X (1 + 0.0001X) 0.08 X (1 + 0.0002X) 

D 0.08 X (1 + 0.0001X) 0.06 X 	(1 + 0.0015X) 

E 0.06 X (1 	+ 0.0001X)4  0.03 X 	(1 + 0.0003X) 

F 0.04 X (1 	+ 0.0001X) 0016X (1 + 0.0003X 1  

Table 3.1 Formulas recomended by Briggs (1973) for ay(X), m, and 
m; 102  < X < 10m, open country conditions. 
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PCT Stability Cues 	a -y 	hy 

A 213.0 1.1148 

a 155.0 1.0970 

C 103.0 1.0920 

D 68.0 1.0760 

E 50.0 1.0860 

F 33.5 1.0830 

Table 3.2 Coefficients used to calculate virtual distance, x (ci ). V Yo 
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PGT Sabi1iy Claes 
OZO 

0 < o 0:513.95 
130.95 < 0o521.4O 
21.40 < OZO 529.30 

A 29.30 < azO 537.67 
37.67 < 47.44 
47.44 < a 0  :571.16 
71.16 < 0:o :5104.65 
104.65 < 0ZØ 

0 < 0:o :520.23 
B 20.23 < azo :540.00 

40.00 < azo 

C o<0zo 

0 < a:5 12.09 
12.09 < oo :532.09 

D 	 32.09 < 0:0 565.12 
65.12 < ozo  :5134.90 
134.90 < ezo 5251.20 
251.20 

0 < 0ø :53.534 
3.534 <azo :58.698 
8.698 < 0:o :521.628 
21.628 <ozo533.489 

E 	 33.489 <azo:549.767 
49.767 < 0zo 579.070 
79.070 ( 	109.300 

109.300 <azo :5141.860 
141.860 < azo 

0 < 0ZO  :54093 
4.093 < 010.930 
10.930 < Oz j3.953 
13.953 < a 0  e,21.627 

P 	 21.627 < 0 526.976 
26.976 < Ozo :540.000 
40.000 <OZO :554.890 
54.890 < 0 o :568.840 
68.840 < ozo <83.250 
83.250 < azo  

a1 	 b1  

122.80 
	

1.0585 
158.08 
	

0.9486 
170.22 
	

0.9147 
179.52 
	

0.8879 
217.41 
	

0.7909 
258.89 
	

0.7095 
346.75 
	

0.5786 
453.85 
	

0.4725 

90.673 
	

1.0730 
98.483 
	

1.0170 
109.300 
	

0.9115 

61.141 
	

1. 09 33 

34.459 
	

1.1498 
32.093 
	

1.2336 
32.093 
	

1.5527 
33.504 
	

1.6533 
36.650 
	

1.7671 
44.053 
	

1.9539 

24.260 
	

1.1953 
23.331 
	

1,2202 
21.628 
	

1,3217 
21.628 
	

1.5854 
22.534 
	

1.7497 
24.703 
	

1.9791 
26.970 
	

2.1407 
35.420 
	

2.6585 
47.618 
	

3.3793 

15.209 
	

1.2261 
14.457 
	

1.2754 
13.953 
	

1.4606 
13.953 
	

1.5816 
14.823 
	

1.8348 
16.187 
	

2.1510 
17.836 
	

2.4092 
22.651 
	

3.0599 
27.074 
	

3.6448 
34.219 
	

4.6049 

Table 3.3 Coefficients used to calculate virtual distance, .x 
V ZO 

Cc ). 
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BAGHOUSE 

Building length 

Building height 

Building width 

Slot width 

Exit velocity 

Exit temperature 

Volume flux 

Dust emission rate 

FURNACE VENT 

Stack height 

Exit velocity 

Exit temperature 

Volume flux 

Dust emission rate 

11.3 m 

29.0 m 

22.8 m 

2.0 m 

2 m s' 

353° K 

480,000 m 2  hr 1  

5 mg m 3  

50 mg nr 3  

36 m 

15 m s' 

573°K 

235,000 m2  hr 1  

3.5 g nr 3  (maximum) 

2.0 g m 3  (average) 

(c) CHARCOAL INCINERATOR 

Stack height 

Exit velocity 

Exit temperature 

Volume flux 

Composition 

47 m 

6.5 m s 1  

733° K 

60,000 m2  hr 

N 2  - 69.4% (by. mass) 

02 - 18.1% (by mass) 

H 20 - 7.2% (by mass) 

CO 2  - 5.3% (by mass) 

Table 4.1 Silicon plant emission parameters used for air quality 
model runs. 
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January 	 February 

March 	 ApriI 

May 	 June 

Figure 2.1 Monthly wind speed - wind direction roses using data from 
Glen Iris from 14 July 1982 to 30 June 1983 (from Department 
of Conservation and Environment, 1985). 
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Appendix A 

Ground level concentrations due to 
emissions from baghouse 
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Figure Al.1 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class A and 
mixing depth 400m. Emissions aas*med released into building wake 
at height of the baghous.. 
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Figure Al. 2 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class B and 
mixing depth 300u. Emissions assumed released into building wake 
at height of the baghonse. 
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Figure Al. 3 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill gtability class C and 
mixing depth 200m. !fl4 3SiOfle assid rslsas.d into building wake 

at height of the baghouse. 
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Figure Al .4 Centre line ground level concentration as a function of downward 

distance for various wind speeds, Pasquill stability class D and 
mixing depth 300n. Emissions assum.d released into building wake 

at height of the baghouse. 
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Figure A15 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class E and 
mincing depth 2000m. emissionS asstd released into bi.iilding wake 

at height of the baghouse. 
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Figure A1.6 Centre line ground level concentration as a function of downward 

distance for various wind speeds, Pasquill stability class F and 
mixing depth 2000m. Emissions assd released into building wake 

at height of the baghouse. 



STEED MAN LIMITED 

I 

Dust load = 5mg 

000.0 

200.0 

00.0 

0 
4.) 
fo 	 00.0 

U.) 

8 	00.0 

4..) 
LL) 

u= 2m 
Iu= 3m s 

0.0 

01 	0.00 	1.00 	1.00 
00 

Figure A2.1 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class ? and 
mixing depth 400m.. EmissionS assWed released into building wake 

at halve the baghouse height. 
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Figure A2. 2 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class B and 
mixing depth 300m. Emissions assted released into building wake 
at halve the baghouse height. 
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Figure A2.3 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class C and 
mixing depth 200m. emissions assned released into building wake 
at halve the baghouse height. 
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Figure A2.4 Centre line ground level concentration as a funct1n of downward 
distance for various wind speeds, Pasquil stability class D and 
mixing depth 300m. Emissions asstmied released into building wake 
at halve the baghouse height. 
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Figure A2.5 Centre line ground level concentration as a function of downward 

distance for various wind speeds, Pasquill stability class E 
and 

mixing depth 2000m. Emissions assued released into building wake 

at halve the baghouse height. 
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Figure A2.6 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquil stability class F and 
mixing. depth 2000m. Emissions assumed released into building wake 
at halve the baghouse height. 
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Figure A3.1 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class A and 
mixing depth 400uL. Emissions assumed released into building wake 
at height of the baghouse. 
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Figure A3. 2 Centre line ground level concentration as a function of downward 

distance for various wind speeds, Pasquifl stability class 
B and 

mixing depth 300m. Emissions assumed released into building wake 

at height of the baghouss. 
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Figure A3. 3 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class C and 
mixing depth 200m. Emissions assumed released into building wake 
at height of the baghouse 
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Figure A3.4 Centre line ground level concentration as a function of dovnward 
distance for various wind speeds, Pasquill stability class D and 
mixing depth 300m. Emissions assaed released into building wJce 
at height of the baghouse. 
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Figure A3.5 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class E and 
mixing depth 2000m. Emissions assumed released into building wake 
at height of the baghouse. 
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Figure A3. 6 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class P and 
mixing depth 2000i. Emissions ass.d -released into building wake 
at height of the baghouse. 
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Figure A4. 1 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class A and 
mixing depth 400m. Eznisaions assned released into building wake 

at halve the baghouse height. 
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Figure A4. 2 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class B and 
mixing depth 300m. Emissions assumed released into building wake 
at halve the baghousa height. 
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Figure A4.3 Centre line ground level concentration as a function of downward 
distance for various wind speeds, Pasquill stability class C and 
mixing depth 200m. Emissions assumed released into building wake 

at halve the baghouse height. 
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Figure A4.4 Centre line ground level concentration as a function of downward 
distance for rarious wind speeds, Pasquill stability class D and 
mixing depth 300m. Emissions assumed released into building wa]ce 
at halve the baghouse height. 
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Figu.re A4.5 Centre line ground lava), concentration as a function of downward 
distance for various wind speeds, Pasquill stability class E and 
mixing depth 2000m. Emissions assumed released into building wake 
at halve the baghouse height. 
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Figure A4.6 Centre line ground level concentration as a function of downward 

distance for various wind speeds, Pasquill stability class F and 
mixing depth 2000m. Emissions assigned released Into building wake 

at halve the baghouse height. 
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Appendix B 

Ground level concentrations due to 
emissions from furnace 
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Figure B1.1 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability Class A and mixing depth 400 in for emergency 
venting of furnace gases and building downwash. 
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Figure B1.2 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds. Pasquill. 
stability Class B and mixing depth 300 m for emergency 
venting of furnace gases and building downwash. 
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Figure B1.3 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds pasquill 
stability Class C and mixing depth 200 a for easrgency 
venting of furnace gases and building dowuwash. 
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Figure B1.4 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability Class D and mixing depth 300 m for emergency 
venting of furnace gases and building downwash. 
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Figure 31.5 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class E and mixing depth 1000 m for emergency 
venting of furnace gases and building downwash. 
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Figure B1.6 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class F and mixing depth 1000 m for emergency 
venting of furnace gases and building downwash. 
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Figure B2. 1 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class A and mixing depth 400 m for emergency 
venting of furnace gases and building downwash. 
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Figure B2. 2 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class B and mixing depth 300 m for emergency 
venting of furnaces gases and building downwash. 
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Figure 32.3 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability of class C and mixing depth 200 rn for emergency 
venting of furnace gases and building downwash. 
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Figure B2.4 	Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class D and mixing depth 300 m for emergency 
venting of furnace gases and building dow'nwash. 
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Figure 32.5 	
Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class E and mixing depth 1000 m for emergency 
venting of furnace gases and building downwash. 
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Figiire B2.6 	
Centre line ground level concentration as a function of 
downwind distance for various wind speeds, Pasquill 
stability class F and mixing depth 1000 in for emergency 
venting of furnace gases and building downwash. 
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Figure B3.1 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class A and mixing depth 400 m for emergency 
venting of furnace gases assuming no building downwash. 
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Figure B3.2 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class C and mixing depth 200 m for emergency 
venting of furnace gases assuming no building downwash. 



STEEDMAN LIMITED 

0000 

2000. 

C 
o 	1000. 

4.2 

C $00.0 
Uj 

4.- 
0LLJ 

41 L) 200.0 

(OLD 

'-4 

U) 

$0.0 

20.0 

1=1 c 	R 0 H1-.7(lfl 

Dust load 	2 g 

ms 

ms 

ms 

z 

000 	0.50 	1'00 	I. 30 	200 	2S0 	3.00 	3.60 	'4.00 	4.50 	5 
000NWIND OISTRNCE IM 

Figure B3.3 Centre line ground level concentrations as a function of 
downwind distance for variouw wind speeds, Pasquill stability 
class C and mixing depth 200 m for emergency venting of 
furnace gases assuming no building downwash. 
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Figure B3.4 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class D and mixing depth 300 m for emergency 
venting of furnace gases assuming no building downwash. 
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Figure B3.5 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class E and mixing depth 1000 m for emergency 
venting of furnace gases assuming no building downwash. 
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Figure B3.6 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class F and mixing depth 1000 In for emergency 
venting of furnace gases assuming no building downwash. 
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Figure 84.2 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill 
stability class B and mixing depth 300 m for emergency 
venting of furnace gases assuming no building downwash. 
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Figure B4.3 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class C and mixind depth 200 m for emergency venting of 
furnaces gases assuming no building downwash. 
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Figure B4.4 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class D and mixing depth 300 m for emergency venting of 
furnace gases assuming no building downwash. 
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Figure B4.5 	Centre line ground level concentrations as a function Of 
downwind distance for various wind speeds, Pasquill stability 
class E and mixing depth 1000 in for emergency venting of 
furnace gases assuming no building downwash. 
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Figure B4.6 	Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class F and mixing depth 1000 m for emergency venting of 
furnace gases assuming no building downwash. 
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Figure C1.1 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class A and mixing depth 400 m for total mass emitted from 
incinerator. 
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Figure C1.2 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class B and mixing depth 300 In for total mass emitted from 

incinerator. 



53u=1.5.36,H1=230 

Total mass flux = 9.6 kg s 1  

10 

TEEDMAN LIMITED 

UUI4NWI4U UI5IlINC 	(PMI 

Figure C1.3 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class C and mixing depth 200 m for total mass emitted from 
incinerator. 
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Figure C1.4 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class d and mixing depth 300 m for total mass emitted from 
incinerator. 
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Figure c1.5 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class E and mixing depth 1000 m for total mass emitted from 
incinerator. 
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Figure Cl .6 Centre line ground level concentrations as a function of 
downwind distance for various wind speeds, Pasquill stability 
class F and mixing depth 1000 m for total mass emitted from 
incinerator. 
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1 	INTRODUCTION AND OBJECTIVE 

To undertake a study of the noise emissions from the 
proposed Silicon Production Plant near Picton Junction 
on the South Western Highway in the Shire of Dardanup 
W.A. 

To determine the likely noise emission from this plant 
and assess the impact on the surrounding residential and 
rural areas. 

To advise control to achieve suitable emission levels. 

2 	CONCLUSION 

It is the findings of this report that:- 

I 	The most critical area for receival of plant 
noise emission will be the Southern boundary of 
the Eaton residential area 

2 	The acceptable or "assigned" out door noise 
level at the Eaton location will be 40dB(A) 
between 2200 and 0700 hours and 45dB(A) between 
0700 and 2200hrs on weekends. 

3 	Standard un-housed equipment is likely to 
produce noise levels of 39dB(A) at the Eaton 
location (excluding shotgun tapping process). On 
occasions, due to increased propagation under 
adverse atmospheric conditions plus the 
probability of tonal characteristics the level 
would be increased and adjusted by 10 dB(A) 
resulting in 49dB(A). 
The shotgun tapping process is likely to produce 
noise levels of 6OdB(A) at the Eaton location. 
These levels are theoretical in that they assume 
no attenuation due to standard buildings or 
enclosures 

4 	With allowance for standard building enclosures, 
plus noise control applied to selected buildings 
and equipment, the noise emission can be limited 
to result in levels of less than 40dB(A) at the 
Eaton Location. This includes for 5dB(A) 
increased propagation and any tonal components 
reduced to the broad band level. 

5 	It is the conclusion of this report that noise 
control, integrated with the design of the 
plant, will effectively limit noise emission to 
the surrounding rural and residential areas to 
acceptable levels. 
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3 	METHOD 

3.1 	Determination of acceptable noise levels 

To determine potentially acceptable noise levels to the 
residential areas, existing ambient noise levels were 
measured. 

These measurements were assessed with due regard to, the 
Noise Abatement (Neighbourhood Annoyance) Regulations 
1979, AS1055 and proposed development of the area. 

3.2 	DETERMINATION OF PLANT EMISSIONS 

Sound power levels of various plant machinery and 
processes were sourced from a number of areas 

Theoretical Calculations 
Data from existing similar plants 
Prospective suppliers of equipment 

In some cases for equipment located inside buildings the 
cumulative sound pressure levels inside the building 
were calculated and the radiated sound power from the 
building was determined based on the following formulae 

SPL (bldg) = SWL (Source)f10 Log IORT 	10 log IOV +14 

where 	SPL (bldg) = Overall reverberant sound pressure level 
within the building (dB) 

RT 	 = Reveberation Time (3 seconds) 
V 	 = Building volume (cubic metres) 

SWL (bldg) = SPL(Bldg)+101og lOS - T.L. - 6 
where 	SPWL(bldg) = Total sound power level radiated by the 

building (dB) 
S 	 = Building surface area (Square metres) 
T.L. 	= Building transmission loss (dB) 

3.3 	DETERMINATION OF RESULTANT NOISE LEVELS IN RESIDENTIAL 
AREAS 

The propagation of plant noise levels to the residential 
areas was based on the following formula 

SPL 	 z SWL source - 20log r -11 - GE - AA 
where 	SPL 	 = Sound pressure level at receiving point 

r 	 = Distance in metres 
GE 	 = Ground effect absorption after O.C.M.A. 

NWG I 
AA 	 = Air absorption after Sharland 

3.4 	REQUIRED EQUIPMENT NOISE LEVELS 
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From the total plant emission arid hence the total sound 
pressure level transmitted to the residential area the 
desired level of noise reduction was determined. 	By 
reverse calculation and considering feasible equipment 
attenuation the allowable equipment noise levels were 

determined 

4 	RESULTS 

4.1 	AMBIENT AND ACCEPTABLE NOISE LEVELS 

From the field observations and the distances from the 
proposed plant, the area to the North of the plant 
(Eaton Residential Area) was determined as the most 
critical and hereafter used for all calculations. This 
location is 1500 metres from the proposed plant. 

The night-time ambient measurement results taken at 
location A ( see figure 1 )are as follows: 

a 	Absolute minimum 30 dB(A) 
b 	Average without obvious traffic 33dB(A) (average 

minimum level) 
c 	Average including distant traffic 35dB(A) 
d 	Local traffic up to 62dB(A) 

Distant traffic from the Old Coast Road and South 
Western Highway was almost constant. Breaks of only 
several seconds were available to determine a' above. 
Distant traffic averaged a vehicle every minute with the 
noise levels of consecutive vehicles overlapping. Local 
traffic averaged a vehicle every 2 mins. 

Atmospheric Conditions 

Temperature - 11'C 75% RH 
Pressure 	1023 mbar 

A temperature inversion existed which was evident from 
observation of the plumes from various industries around 
Bunbury and Australind. 

It is the practice to adopt the average minimum level 
(i.e. 33dB(A)) as the ambient level. 

To categorise this area in terms of the Noise Abatement 
Regulations it would best seem to fit catagory A2 which 
has an assigned outdoor noise level of 35dB(A) 
(2200-0700 hours). 

The imminent Australind by-pass road system would change 
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the category to BI being 40dB(A). 

In light of the above, under existing conditions, an 
acceptable noise level to the area in question would be 
33dB(A) with virtually no change in acceptability for 
levels up to 35dB(A). With increased traffic flow along 
the Australind by-pass the acceptable level would 
increase to 38dB(A) with virtually no change in 
acceptability up to 40dB(A) 

This is providing no noise characteristics, particularly 
tonal characteristics, exist. 

It is our opinion that a target maximum noise level for 
2000 to 0700 hours of 40dB(A) be set as an acceptable 
noise level to the residential area in Eaton providing 
no tonal characteristics exist. 

Similarly the maximum level for Weekdays, 0700 to 1900 
hours, would be 5OdB(A) and 1900 to 2200 hours would be 
1 5dB(A) 

This deduction correlates well with nightime ambient 
levels measured at location B (see Figure 1 )where there 
is greater influence from traffic and industry 

Measurements recorded at this location were as follows 
(description as per previous table): 

a 	37d2(A) 
b 	40dB(A) (Average minimum level) 
c 	44dB(A) 
d 	7SdB(A) 

	

4.2 	PLANT NOISE EMISSION 

A list of all determined sound power levels of equipment 
is contained in Table I From this data the total plant 
sound power level noise emission would be 150 dB(A) 
(including shotgun). This is only a theoretical 
estimate as it assumes no attenuation due to buildings. 
The actual sound power level emission would be somewhat 
less than this. 

	

4.3 	DETERMINATION OF NOISE PROPAGATION 

Based on a total plant emission of SWL =150 dB(A) the 
resultant noise level at location A would be 
approximately 60 dB(A) 

This is approximate only as it is based on A-weighting, 
air absorption and ground effect at 250Hz. These 
effects vary with frequency and therefore a complete 
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octave analysis is required of all equipment, to 
determine the overall effect 

The effect of adverse atmospheric conditions could 
increase the noise propagation by 5dB(A) 

The presence of tonal characteristics, which is most 
likely, particularly from fans, would incur a penalty of 
5dB(A). However the dominant noise source of the 
shotgun would result in a reduction of 5dB(A) due to its 
intermittent but impulsive characteristics. 

A typical calculation is as follows:- 

BAGHOUSE, FANS, DUCTWORK 

Octave Freq (Hz) 	 63 
SWL 	 106 
Distance Att'n(1500m) -75 
Air Absorption 	 0 
Ground Effect & minor 
screening 	 - 4 
A weighting correction -26 
By addition 	 1 

125 250 500 1k 2k 4k 
110 110 106 104 102 100 
-75 -75 -75 -75 -75 -75 
0 - 	1 - 	2 - 	7 -15 -29 

- 	8 -14 -11 -11 -Il -10 
-16 - 	9 - 	3 0 + 	1 + 	1 
11 11 12 11 2 - 

Cumulative 	 17dB(A) resultant noise at 1500m 

Under adverse atmospheric conditions this level could be 
increased by 5dB(A) resulting in 22dB(A). Due to likely 
tonal components (180Hz and harmonics) this level would 
be adjusted by 5 dB(A) resulting in an adjusted level of 
27dB(A) 

Similarly all resultant levels can be calculated and the 
combined total computed (see table 2). 

Assuming spectral make up of various equipment, based on 
theoretical modelling, this combined total sound 
pressure level is 39dB(A) daytime and 34dB(A) at night. 
Plus the addition of lOdB(A) gives 49dB(A) and 44dB(A) 
r e spec t iv e 1 y. 

This means the total standard equipment sound emission 
must be reduced by 4dB(A) to achieve 45dB(A) and 40 
dB(A) respectively. 

If no tonal or other characteristics exist, reductions 
in the overall levels would not be required. 

For the reduced overall night-time plant SWL emission of 
124dB(A) Ihe resultant residential level would be 
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32dB(A) . 	Plus 5dB(A) for extra propagation = 37dB(A) 
Similarly for the reduced daytime emission the resultant 
level would be 40dB(A) 

These figures assume that the tonal component 
characteristics are reduced to the level of the broad 
band noise. 

For the shotgun operation the resultant residential 
level would be 6OdB(i). Due to increased propagation, 
an increase of 5dB(A) could be experienced resulting in 
65dB(A). Adjustments for the intermittent nature of the 
operation would be minus 15dB(A) and for the impulsive 
characteristics plus lOdB(A) resulting in an adjusted 
level of 60dB(A). 
The reduced overall sound power level of 125dB(A) would 
result in 35dB(A) at the Eaton Location. 

5.0 	NOISE CONTROL 

Theoretically the required 4dB(A) reduction can be 
applied to all noise sources as listed, however, in 
practice this is not feasible. 

The reduced emission noise levels are based on the 
following parameters. 

Docking Mill 	- Daytime activity (up to 2200 hrs) 
Ladle cleaning 	Daytime activity 
Shotgun Tapping - Occasional use only 
Sledge Hammering 
Mould Breaking 
or Stinger 	- Only one operational at any one 

time 
Mobile Equipment - 1 Operating at night 3 during day 

Other noise control considerations 

Consideration will need to be given to the large log 
splitter particularly due to impact noise. 

Furnace building noise levels are based upon the 
reported overall levels of 64dB(A) at lOOm from the 
similar French plant in the Electrona E.I.S. 

Furnace building attenuation is based on an R.T. of 2 
seconds and an average T.L. of lOdB(A) 

The crusher and screening building attenuation is based 
on an R.T. of 2 seconds and an average T.L. of lOdB(A). 

Special attenuation will be needed for the shotgun to 
achieve the desired noise levels. Noise level emission 
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is based on a lOdB(A) source reduction, 15dB(A) building 
attenuation and an overall 5dB(A) reduction for 
intermittent but impulsive characteristics. 

Table 2 shows reduced plant emission noise levels based 
on considered achievable criteria. 

It is desirable that these calculations be checked when 
full spectral information is available from suppliers of 
the equipment. 

G. 	SUMMARY 

To achieve the night-time level of 40dB(A) maximum at 
the Eaton residential area, noise control procedures 
should ensure that any tonal components are reduced to 
the level of the broad band noise. 

The preceeding calculations assume a possible increase 
in noise propagation of 5dB(A) due to adverse 
atmospheric conditions. On occasion under extreme 
conditions of light or no wind and cool temperatures 
with inversion, this increased propagation could be as 
high as lOdB(A). However this is only occasional and 
easily tolerated by residents for short periods. 

It should also be stated that complaints of excessive 
noise rarely occur unless the offending noise is 5dB(A) 
or more above ambient (providing tonal components do not 
exist). 	In arriving at the assigned outdoor noise level 
an allowance of 2dB(A) has been used. 

The predicted general noise level from the plant, 
transmitted to the Eaton residential area under adverse 
conditions, is 40dB(A) during the day and 37dB(A) during 
the night. 
Under extremely adverse conditions this could increase 
to 45dB(A) and 42db(A) respectively. 
With a predicted ambient noise level of 45dB(A) during 
the day (Weekends) and 40dB(A) during the night 
complaints of excessive noise by residents should not 
arise. 

To ensure compliance with noise level emission 
requirements the following procedures are suggested to 
be implemented 

I 	Specification of noise levels for equipment and 
processes as per table 2 with the proviso that 
tonal components do not exceed the level of the 
broad band noise. 

2 	Evaluation of tendered noise level data 
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3 	Noise level measurements at plant commissioning 
stage 

4 	Initial and periodic noise level surveys after 
comm i ss ion i ng 

In undertaking this study no consideration is given to 
the requirements of the Noise Abatement (Hearing 
Conservation in Workplaces) Regulations 1983 

These regulations will require a preferred equivalent 
continuous noise exposure level of 85dB(A) to any 
personnel. 

These criteria may well in some cases, overide the 
requirements for neighbourhood annoyance 

Lynton J Storer 
11th November 1987 
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TABLE 1 

EQUIPMENT NOISE EMISSIONS 
SOUND POWER LEVELS SWL 

SOURCE Octave Band Centre Frequency Hz 

63 125 250 500 	1k 2k 4k 8k 

MOBILE EQUIPMENT 110 127 116 121 	117 113 108 102 

1 off 

DOCKING MILL 	Twin Saw 99 103 106 99 	102 102 101 95 111 

Splitter 112 
Small 	Saw 99 103 106 99 	102 102 101 95 111 

DEBARKER 98 99 101 107 	103 98 85 78 109 

CHARCOAL RETORT FANS 108 110 112 110 	107 104 97 85 114 

2 off 

FURNACE 	2 off 127 124 117 102 	93 89 72 69 112 

SLEDGE HAMMERING 91 98 105 103 	109 110 109 90 116 

MOULD BREAKING 115 112 105 100 	97 99 94 87 112 

SHOTGUN 150 

STINGER 117 

LADLE CLEANING 98 100 104 110 	122 123 122 111 128 

BAGHOUSE FANS 2 off 106 110 110 106 	104 102 100 96 110 

CRUSHING & SCREENING 
BLDG. 115 119 116 114 	110 108 102 108 122 

Overall dB(A) 

122 (3off 127) 



TABLE 2 

RESULTANT 	NOISE LEVELS DUE TO INDIVIDUAL ITEMS OF EQUIPMENT 

SOURCE STANDARD PLANT ATTENUATED PLANT 
SOUND POWER LEVEL RESULTANT LEVEL 1500m SOUND POWER LEVEL RESULTANT LEVEL 1500m 
SWL dB(A) SPL dB(A) SWL dB(A) SPL dB(A) 

DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT 

MOBILE EQUIPMENT 127 122 37 32 122 117 32 27 

DOCKING MILL 	large twin saw 111 13 108 10 
splitter 112 22 108 18 
small 	saw 111 13 108 10 

DEBARKER 109 109 13 13 109 109 13 13 

CHARCOAL RETORTS 	2 x 130kw Fans 112 112 20 20 112 112 20 20 

FURNACE BUILDING 	FURNACES 112 112 27 27 112 112 27 2,7 
(Sledge Hammering 

Only 1 	at any 	(Mould Breaking 117 117 18 18 117 117 1 18 
one time 	(Stinger 

Adjusted for 
intermittent 	Shotgun 150 150 Treated Separately 125 125 Treated Separately 

LADLE CLEANING 121 30 118 27 

BAGHOUSE FANS 110 110 17 17 110 110 17 17 

CRUSHING & SCREENING BUILDING 122 122 25 25 119 119 22 22 

(Without Shotgun) 	TOTAL 128 125 39 34 127 124 35 32 
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APPENDIX D 

ABORIGINAL SITE ADVICE 



Western 
Australian 

Dr Alan Tingay 
Maunsell and Partners Pty Ltd 
P0 Box 7190 
Cloisters Square 
PERTH WA 6000 

irIz 	m - 2 \OV 1987 

Francis 5 
Western  
Telephor 

Date: 28th October, 1987 

Your Ref - 

Our Ref: 259/77/2 
Dear Alan, 

RE:PUBLIC ENVIRONMENTAL REPORT-

SILICON PRODUCTION PROPOSAL 

I refer to your letter of 16th October, 1987. 

There are hO Aboriginal sites knuwu to this Department to date in the 

area concerned. 

If there are any areas within the property which have not previously been 

disturbed by farming it would be advisable for the company to have them 

examined to ensure compliance with the Aboriginal Heritage Act. 

Yours sincerely, 

---
Vera Novak 
Assistant Registrar 
Department of Aboriginal Sites 

branches: 	 Western Australian 	 C,eraldton Museum 
Fremantle Museum Maritime Museum 	 Marine Terrace. 
Finnerry Street. Fremantle 	Cliii Street. Fremantle 	 P.O.Box 1 12. Geraldron 
Western Australia, 6160 	Western Australia. 6160 	Western Australia. 6530 
Telephone (09) 335 8211 	Telephone (09) 335 821 1 	Telephone (099) 21 5080 

Albany Residency 
Museum 
Residency Road. Albany 
Western Australia. 6330 
Tlephone (098) 41 4844 



APPENDIX E 

WOOD RESOURCE ESTIMATION 

The following assumptions were applied to CALM's estimation of wood 
resources for the Barrack Silicon Project. 

Figure 6.1 and these assumptions are known to CALM as Version 4. 

CALM has advised that the resource estimates and other data relating to 
wood supply are dependent on these assumptions and any alteration would 
invalidate the information supplied. 



VERSION 4 

Assumptions ade 

Silicon smelter and charcoal plant are at Picton (opposite the 
chicken farm) 

Requirement is 150 000 tonnes/annum of charcoal logs 
25 000 tonnes/annum of furnace logs 
1 tonne = 1m3  

Field assessment of dry and green proportions and total volume 
will hold up when converting logs to charcoal. 

Field assessments done in 1987 are more reliable than early 1970's. 
Extrapolations to nearby blocks is acceptable for 1987 assessments. 

in other areas 1970's data will hold up. 

Broad estimates made of the proportion of dieback in each block 
are accurate. 

The volume/ha and proportion which is dry is the same in dieback as 
to dieback-free areas in any block. 

Areas available for production quoted in the ERMP are correct. 
The procedures used to summarize data on volumes in the ERMP 
were correct. 

All logs meeting specifications will be removed from an area. 

Collie and Harvey (Yarloop) mills will be the only integrated 
operations to provide logs. The P.I.'s of these mills will con-
tinue at the current level for the life of the mills. 

No increase in utilization will occur in G.P. mill operations. 
Any mill logs resulting from winter operations in dieback areas 
will not decrease the area that the G.p. mills will cut over. 

Green logs will be able to be converted into charcoal after 2 
summers. 

Sequence of logging operations is as per logging plan_, areas 
covered will hold up. Assumptions/arbitrary guesses are made 
as to which areas in which blocks will be cut from 1992. 

Godfrey block data used for Hilirnan block. 

Harris R. Dam is not catered for. 

Bunbury domestic firewood will be supplied form Kirup and 
Busselton Districts or P.P. or from material not required for 
this project. 

The Collie Coal Basin firewood resource is retained for Collie 
domestic use or Collie-based industry. 

.2/- 



Material from Bell block (Harvey District) can be carted along 
the Harvey-Quindannjrig Road ie. through the neck' in the 
Lane-Poole Reserve. 

Logs will come solely from State Forest. 

Domestic cutters either currently operating in C.A.L.M. lands 
in Harvey and Collie Districts will not have access to any 
resource suitable for this project (except in Collie Coal Basin). 

No local 'reserves' for firewood for towns and farmers except 
for Bunbury and Collie are required. 

No sawmill off-cuts will be used for charcoal production. 

RGT:ekr 

2011 0/87. 
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