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BEENUP HEAVY MINERALS MINE
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME

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

The Environmental Review and Management Programme (ERMP) for the Beenup
proposed Heavy Minerals Mine has been prepared by Lewis Environmental
Consultants on behalf of Mineral Deposits Limited in accordance with Western
Australian Government procedures. The report will be available for comment for
10 weeks:

o

beginning Monday 9th April, 1990
2 finishing Monday 18th June, 1990.

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

Following receipt of comments from government agencies and the public, the EPA
will summarise these comments and forward them to Mineral Deposits Limited,
and may ask for further information. The EPA will then prepare an assessment
report with recommendations to Government, taking into account issues raised in
the public submissions.

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 suggestions which could 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
ERMP or with specific proposals. It helps if you give reasons for your
conclusions, supported by relevant data.

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

When making comments on specific proposals in the ERMP,

- clearly state your point of view,



-  indicate the source of your information or argument if this is applicable, and
- frame your queries in the form of questions,

- suggest recommendations, safeguards or alternatives.

POINTS TO KEEP IN MIND

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

Attempt to list points so that the issues raised are clear. A summary of your
submission is helpful. Refer each point to the appropriate section, chapter or
recommendation in the ERMP. If you discuss sections of the ERMP, keep them
distinct and separate, so that 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, address, date.

THE CLOSING DATE FOR SUBMISSIONS IS: Monday 18th June, 1990
SUBMISSIONS SHOULD BE ADDRESSED TO:

The Chairman

Environmental Protection Authority

1 Mount Street PERTH WA 6000

Attention: Mr. Warren Tacey.



PREFACE

This Environmental Review and Management Programme (ERMP) contains many
studies and evaluations of the environment in which the proposed project is
located. The ERMP has been designed to make it easy to read and understand
the material in it.

To accomplish this, the ERMP is arranged as follows:

Summary

Table of Contents

¢ Introduction

Description of the existing environment

Description of the proposed project

Analysis and management of potential impacts
Conclusions

Summary of environmental management commitments
Figures

Appendices

There are 14 Appendices containing specialist reports and other material referred

to in the ERMP. Appendix XIII gives a list of abbreviations used, and Appendix
XIV is a glossary of technical terms used.

Lewis Environmental Consultants, March, 1990
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SUMMARY
INTRODUCTION

The Beenup mineral sands deposit, situated on farmland 17 km north east of
Augusta, is one of the world’s major ilmenite discoveries. An estimated 500 million
tonnes of ore, containing approximately four per cent heavy minerals, will support
mining and mineral separation on the site for more than 20 years.

Mineral Deposits Ltd., a wholly owned subsidiary of the Broken Hill Proprietary
Company Limited, proposes to mine the deposit for ilmenite, zircon and rutile. An
estimated annual production of 500,000 tonnes of heavy minerals will be separated
on site and transported by road to the port of Bunbury for export. This
Environmental Review and Management Programme (ERMP) has been prepared
to review the relevant environmental aspects of the proposal and develop a
detailed management programme to maximise the benefits and minimise the
potential disadvantages of the project.

KEY ISSUES

¢ Transport - The development of a major new transport route from
the Scott River area to Bunbury, bypassing Margaret River, Busselton,

Ludlow and Capel.

Employment - The recruitment and accommodation of up to 200
construction workers, up to 135 full time operations employees and a
potential transport workforce of 45.

g Rehabilitation - The establishment of pasture, natural bushland and
tree plantations on the site after mining,

Economic aspects - The direct and flow-on effects of employment,
project expenditures, export income and Government revenues.

Water Management - A hydrological management plan to allow for
mining without impact on the Scott National Park, the Scott River and
the Blackwood River.

Flora - The protection of rare flora species found in the Beenup area.

Dust control - Management plans to prevent the spread of dust in
windy conditions typical of the Scott River area.

Dieback control - A research and management plan to prevent the
spread of dieback.
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Social issues - The integration of the project into the Augusta-
Margaret River community and the district’s tourism/agriculture-based

economy.

¢ Community consultation - The planning modifications and
contributions resulting from an extensive community consultation
programme.

The Beenup ERMP has adopted a balanced approach to the environmental impact
assessment process by giving equal emphasis to social, economic, biological and
physical environmental issues. The attention to social issues was a response to
intense local interest in the project, as the first potential mineral sand mining
operation in the Augusta-Margaret River Shire. At the same time, many normally
sensitive physical environmental issues - such as waste disposal and gaseous
emissions - have been ruled out by the proponent’s decision not to consider
secondary processing.

COMMUNITY CONSULTATION

Local residents have played a significant role in modifying the project proposals
to meet some of the community needs. In May, 1989, before the Beenup proposal
was confiriu~d, the proponent held informal talks with the Shire Council to set
up a framework for local input to the project planning and review. The resulting
community consultation group included representatives from the Shire Council,
local landowners, the Leeuwin Conservation Group, the WA Farmers’ Federation,
the Augusta Ratepayers’ Association, the Augusta Businessmen’s Association, the
WA Fishermen’s Association, the South West Development Authority, the
Department for Conservation and Land Management and Mineral Deposits Ltd.
One of the major roles of the group was the evaluation of options for
transporting mineral products. The group also helped to draw up guidelines for
the social impact study.

The consultative group made site visits to current heavy mineral operations in
New South Wales, where the proponent has existing mining and separation plants.
The group’s report on the interstate visit identified a generally positive impact of
mineral sands production in the Hawks Nest area - a community similar to
Augusta in WA. At the same time, the group identified specific issues to be
addressed in the ERMP.

The need for a balance between the various aspects of environmental research has
been underlined by the priorities identified during community consultation:

o

Transport of mineral product.

o

Potential impact on water resources
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The socio-economic impact within the Augusta-Margaret River Shire.

o

The final land use.
Each of these priorities has been given detailed attention in the ERMP,.

If the project is approved, the proponent sees a continuing role for community
consultation during the construction and operational stages.

THE PROJECT

Mining will be carried out by a bucketwheel dredge floating in a pond having an
average depth of 44 m. The water/sand/clay mix will be delivered to a floating
concentrator plant. After oversize material and clay slimes are removed, the heavy
minerals will be separated from the sand slurry by gravity separation using banks
of spirals. The heavy mineral concentrate will be pumped ashore to a stockpile
and dewatered by a cyclone. Coarse tailings will be returned behind the dredge
pond. Some slimes will be mixed with the tailings and the remainder will be
pumped to settling ponds.

The dredge and wet concentrator plant will float on the dredge pond at
groundwater level. The method of mining will be designed to accommodate the
rise in the pond level during the winter months when the groundwater rises and
avoid the need to discharge water from the pond. During summer, if required,
makeup water will be supplied to the dredge pond from several deep bores.

The wet concentrate will be transported from the mining operation to a dry mill
nearby, where it will be dried in a rotary dryer before being separated into its
constituent mineral products ilmenite, rutile and zrcon. This separation will be
carried out by gravity, electrostatic and electromagnetic techniques.

The surface area affected by pumping each year will be in the order of 30 ha and
rehabilitation will be carried out as an integral part of the mining operation. Any
vegetation on the mining path will be cleared and the topsoil removed for storage
at regular intervals. The topsoil will be replaced as the mined areas are
recontoured. Some of the slimes, or clay residues, will be mixed with the soil to
improve moisture and nutrient holding capacity. The topsoil on areas of native
vegetation will be stripped in two layers: the surface 5-10 cm which contains most
of the seeds and other plant propagules, and the remainder, which is expected to
be about 15 cm.

A final land use Work Party was set up in May, 1989, with the approval of the
Hon. Minister for Mines. The proponent has drawn up the following integrated
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rehabilitation plan for the mining area, based on the recommendations of the
Work Party and the Beenup Consultative Group:

o

72 per cent agriculture, including possible community uses.
13 per cent rehabilitation of the main remnants of native vegetation.

11 per cent planting of native vegetation along the major water
courses.

4 per cent planting of a buffer zone of native vegetation along the
southern boundary of the Scott National Park.

One of the most significant economic, environmental and social issues to be
addressed in the project planning is transport of the mineral product. The
proponent considered a range of options based on shipping, rail, road and a
combination of road-rail. Preliminary engineering and economic studies showed
three viable options:

o

Road transport via Sues Road to the port of Bunbury.
Shipping from a conveyor and jetty loader in Flinders Bay.

Pumping wet concentrate through a seabed pipeline to a pontoon
loader in Flinders Bay.

The final selection was based on more detailed economic studies by the proponent
and a social impact assessment by the Beenup Consultative Group. The choice was
road transport via Sues Road and a new heavy haulage route bypassing Ludlow
and Capel to Bunbury Inner Harbour.

THE EXISTING ENVIRONMENT

The Beenup prOJect area is freehold grazing land adjacent to the Scott National
Park and a camping reserve. The area, currently held under exploration licence,
is the subject of four mining lease applications. The area has a Mediterranean
climate with cool wet winters and warm, dry summers, although some rain is
usually received during the summer months. Beenup is part of the Scott River
plain, a low-lying swampy region subject to consistent, strong winds year-round.

A comprehensive fauna survey was carried out on the project area and adjoining
areas. The only rare fauna species recorded were the Peregrine Falcon and Red-
eared Firetail. The Peregrine Falcon is a highly mobile bird with little habitat
specificity and is present throughout Awustralia. The Red-eared Firetail is present
throughout the wetter portions of the South West of Western Australia. No rare
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mammals, amphibians or reptiles were recorded. It was concluded that none of
the fauna species recorded on the area could be considered threatened by the
proposed project.

Approximately two thirds of the project area has been cleared for agriculture and
cattle have access to the remaining areas of native vegetation. However there is
still an extensive range of vegetation communities and floral species with four
main groups of vegetation:

g Open forests and woodland of Jarrah, Marri, Yarri, Banksia,
Peppermint and Paperbark.

Low open woodland and forests of Banksia, Peppermint, Paperbark
and Jarrah.

¢ Open and closed heaths of Banksia and mixed Proteaceae-Myrtaceae
species.

Sedgelands of Leptocarpus species, Cyperaceae-Restionaceae species and
Juncus pallidus.

A total of 326 species was recorded, representing 55 families and 176 genera. The
species list included 31 introduced species. Two species from the Gazetted Rare
Flora List were identified, viz. Darwinig sp. (G.J. Keighery 3582) and Lambertia
orbifolia. Ten species from the Reserve Flora Priority List were also recorded.
Three Species of Interest were collected on the survey, including a new species of
Boronia. A new genus which has only recently been described was also collected.
The two rare species and nine of the ten species on the Reserve Flora List are
outside the proposed mining area.

The presence of the dieback fungus Phytophthora cinnamomi was identified in the
area proposed for mining. It is planned to carry out a complete survey of dieback
on the mining area if approval for the project is granted, to provide the
information for a dieback management programme.

No Aboriginal artefacts of Sites of Significance were located on the project area.
A survey of natural surface gamma dose rates showed that the rates on the
project area were not significantly different to those in other parts of the district,
including Augusta.

A detailed hydrological study was carried out to determine the characteristics of

the groundwater resource and to enable a mining plan to be formulated that
would not adversely affect the groundwater or surface waters.
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A comprehensive socio-economic survey of the Shire was carried out. The major
components of the socio-economic study - the economic profile, the demographic
profile, housing, land use and development, and social infrastructure - are detailed
in the ERMP,

ENVIRONMENTAL IMPACTS AND MANAGEMENT

Economic

Substantial economic benefits are expected to flow from the proposed project:

o

Employment. During the construction phase, employment over an 18
month period will peak at 200 persons. Permanent operational
employment is expected to be 135 persons. An additional 45 persons
will be employed in the road transport of minerals.

Household income. The generation of household income, including flow-
on effects, will total $17.2M for the construction phase and $10.7M
($1989) annually for the operational phase. The increase in year-round
economic activity will help to offset the current seasonal fluctuations
in income from tourism and agriculture.

Project expenditures. These will total $80.6M including flow-on effects
for the construction phase and $92.5M ($1989) annually for the
operational phase.

Shire income. Apart from paying rates, the proponent will negotiate
road maintenance contracts and other financial support arrangements
with the Shire Council.

Government revenues. Both the construction and operational phases will
provide revenues for the State and Federal Governments; State
Government revenues will be in the order of $7.0M annually.

Infrastructure. The value of additions to the State’s infrastructure will
exceed $20.0M ($1989).

Export income. The project will contribute an average of $50M ($1989)
annually to the country’s export income.



Physical

The nature of the mining method will ensure that there will be minimal drawdown
of the water table, even at the end of summer and dams and pastures will not
be adversely affected. The regional groundwater resources will not be affected.
Measures will be taken to ensure that turbid water is not released to the National
Park or the Scott and Blackwood Rivers.

The total length of the transport route will be sealed and where necessary, raised
to MRD or Shire standards. Measures will be taken to prevent excessive noise at
houses near the road intersection of Scott River Road and Brockman Highway.

The generation of dust from areas that are temporarily disturbed, eg. land cleared
of vegetation and soil in advance of mining, topsoil stockpiles, tailings, dried
slimes, concentrate heaps and stockpiles, and unsurfaced haul roads within the
mining area will be controlled by a combination of vegetative covers, windbreaks,
and watering of unsurfaced haul roads.

Biological

A management programme for the the two species on the Gazetted Rare Flora
List and nine of the 10 species on the Rare Flora Priority List is being developed
in conjunction with CALM.

The possible spread of dieback caused by mining operations and road widening
and re-alignment will be controlled by management and hygiene measures.

Rehabilitation will be fully integrated with mining operations and the rehabilitation
and land use plan agreed upon will be implemented following mining.

Social

The proposed project will lead, indirectly, to an accelerated population growth in
the Shire. Although the proponent is hoping to recruit a majority of its employees
from the local area, increased economic activity will lead to an overall employment
growth of more than 300. The change is expected to lead to some workforce
turnover in the local community. A socio-economic study included in the ERMP
has estimated that the Beenup project will account for approximately 42 percent
of the population increase between 1989 and 1992.

The enlarged workforce will place a significant demand on housing in the Augusta
area, creating the need for advanced planning to ensure adequate housing and
units. The proponent will provide on-site and caravan park accommodation for
the construction workforce, expected to peak at 200 in the second half of 1991.
One of the options being considered by the proponent and the Shire Council is
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the development of a permanent caravan park, to be transferred to the Shire once
construction is finished.

The proponent is working with the Shire Council and the Beenup Consultative
Group to identify all community infrastructure needs likely to be generated by the
project. A series of commitments in the ERMP includes an undertaking by the
proponent to ensure that the Shire is not financially disadvantaged by the project.

Social adjustment of the workforce into the Shire will be minimised by some
general measures, such as the employment of suitable local residents where
possible, the timely provision of facilities and services needed by any incoming
population, the establishment of a new residents’ information kit, concerted efforts
by existing clubs to attract new members and special activities to encourage social
interactions.

The proponent has considered the potential impact on tourism in the Shire.
Evidence from previous mining operations, including Mineral Deposits’ Hawks Nest
operations, indicates that conflict between the two industries is unlikely. The
proponent will investigate the potential for future mine site tours.

ENVIRONMENTAL COMMITMENTS

In the ERMP the proponent has outlined a number of commitments relating to
the construction phase, mining operations, rehabilitation, mineral separation,
transport, control of dieback and monitoring. These commitments may assist the
EPA to formulate conditions should approval be granted for the project to
proceed.
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1.0 INTRODUCTION
1.1 BACKGROUND TO THE PROJECT
The Company

The Proponent, Mineral Deposits Ltd. (MDL') is a wholly owned subsidiary of
the Broken Hill Proprietary Company Limited (BHP) and is a member of BHP-
UTAH Minerals International. MDL has mined mineral sands on the east coast
of Australia for almost 50 years, and through its predecessors Mineral Deposits
Pty. Ltd. and Mineral Deposits Syndicate, is now the oldest operating heavy
mineral mining company in the world. The Company currently has three wet
plant/dredging operations north of Newcastle, New South Wales with the mineral
concentrate being processed at MDL’s dry mill at Hawks Nest. MDL is also the
world’s leading supplier to the mining industry of spiral and cone gravity
concentrators and electrostatic separators, and is a major supplier of complete
mineral separation plants.

Location of the Project

The Beenup deposit is situated approximately 17 km north-east of Augusta (Figure
1.1). The area falls within the Scott coastal plain, which is essentially low lying
with local topographic relief in the order of only a few metres.

Beenup is situated on privately owned land which is used for grazing by cattle
and sheep. MDL has purchased approximately 937 ha of this land, which contains
the area to be mined. The previous landowners are continuing to occupy the land
under a lease-back arrangement with the Company.

Development of the project

BHP commenced exploration in the area in 1986 and identified a potential heavy
mineral resource in 1988. Since then they have carried out additional drilling to
determine the extent of the deposit. During the early part of 1988 MDL became
involved in assisting BHP Exploration to assess the potential of the deposit. There
is no previous record of mineral sands exploration being carried out within the

"Level 3, 3 Plain Street
East Perth,

W.A. 6004

P O Box 6062

East Perth,

W.A. 6004

Telephone (09) 220 5222
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current project area at Scott River, although there have been investigations of coal
and iron ore deposits in the area.

It has now been established that the Beenup deposit contains in excess of 500
million tonnes of ore, with approximately 4% heavy mineral content by weight.
At expected production rates the orebody will be sufficient to sustain the mining
operation for more than 20 years.

The major mineral contained in the deposit is ilmenite suitable for the production
of titanium dioxide pigment using the sulphate process. Secondary minerals in the
deposit are zircon and rutile. Monazite, which is the major source of radioactive
material in heavy mineral sands, is virtually absent - the percentage of monazite
contained within the concentrated heavy mineral is less than 0.001%.

The water table at Beenup is close to the surface and at times during the winter
months, is at the surface. The orebody is therefore suitable for excavation by
dredging. The electrically powered dredge will excavate ore at the rate of 3,000
tonnes per hour to a depth of up to 50 metres below the ground. Because of
the considerable depth of the orebody, the surface area of land to be affected
by mining each year will be in the order of only 30 ha. The heavy minerals will
be extracted by a floating wet plant, utilising MDL’s gravity concentration
technology. The remaining material, comprising the bulk of the orebody, will be
returned to the area immediately behind the dredge pond.

Initially there will be a minor increase in sand volume (5-10%), due to the
"bulking" effect of the sand tailings. This will be compensated for in part by the
removal of the mineral. Over the ensuing 20 to 30 years the volume will gradually
compact back to a level very close to the original surface.

The heavy mineral concentrate will be trucked to the dry mill, where it will be
dried and the constituent minerals separated using further gravity, electrostatic
and electromagnetic techniques.

Approximately 500,000 tonnes of heavy minerals will be produced annually.
Following an assessment of transport options (Section 3.4), the proponent proposes
to transport the mineral products to Bunbury by road. Subject to approval, the
proponent proposes to commence mine construction work in October, 1990 and
to commence mining in March, 1992.

The reconstitution of landforms and rehabilitation of the land will be a continuous
process behind the mining operation, as the dredge pond advances along the
mining path. The proposed post-mining land use has been agreed upon in
conjunction with relevant Government bodies and other interested parties and is
discussed more fully in Section 3.1.9.
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3
OBJECTIVES OF THE PROJECT

The aims and objectives of the Beenup project may be summarised as follows.

o

1.3

Develop the heavy mineral resource at Beenup:

- To mine the heavy mineral orebody by a dredging operation to
produce a heavy mineral concentrate.

- To produce heavy minerals by drying the heavy mineral concentrate
and separating it into the constituent minerals, viz. ilmenite, zircon and
rutile.

Transport the heavy minerals to Bunbury for export to world markets.

Implement mining and operational procedures and safeguards to ensure that
there is no or minimal adverse environmental impact on the physical,
biological and community environments at Beenup, within the Shire of
Augusta/Margaret River, on the preferred transport route to Bunbury and at
the Bunbury facility.

Conduct a mining operation for a period in excess of 20 years, which will
bring economic benefits to the proponent, the residents of the Shire, the State
and the Nation.

IMPLICATIONS OF THE "NO PROJECT" OPTION

If a decision is made that the proposed project not proceed, the following benefits
would not eventuate:

[o]

Direct construction employment over an 18 month period, peaking at 200,
would not eventuate. Direct operational employment of 115, with a flow-on
effect of 309, would not eventuate.

Household income generation, including flow-on effects, totalling $17.21 M
for the construction phase and $10.718 M ($1989) annually for the
operational phase, would not eventuate.

Project expenditures including flow-on effects totalling $80.63 M for the
construction phase and $92.5 M ($1989) annually for the operational phase,
would not eventuate.

The steady income derived from the project would not help to offset the
seasonal variations in the Shire’s economy.

LEWIS ENVIRONMENTAL CONSULTANTS
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Both the construction and operational phases would provide revenues for the
State and Federal Governments. State Government revenues in the order of
$7.05 M per year would not eventuate.

Additions to the State’s infrastructure, exceeding $20.0 M ($1989) in value,
would not eventuate.

The project’s contribution to the country’s export income of an average of
$50 M ($1989) per annum would not eventuate.

The upgrading and sealing of an all-weather heavy haulage route which
bypasses Capel, Busselton and Margaret River would not occur in the
foreseeable future.

1.4 THE ENVIRONMENTAL REVIEW AND MANAGEMENT
PROGRAMME

In April, 1989 BHP and MDL announced their interest in developing the Beenup
deposit and began actively consulting with relevant government departments and
community groups, to help identify areas of possible public interest about the
development. A Notice of Intent was lodged with the Department of Mines setting
out basic information about the proposed Beenup project and advising their
intention of applying for mining leases at Beenup. The Company also approached
the Environmental Protection Authority to obtain environmental guidelines relevant
to the project.

The EPA determined that the environmental aspects of the project should be
evaluated at the level of an Environmental Review and Management Programme
(ERMP). The EPA prepared guidelines for the preparation of the ERMP
(Appendix I). This report is the ERMP prepared in accordance with the EPA
guidelines.

Objectives of the ERMP

o

Describe all relevant aspects of the physical, biological and community
environment which may be influenced by the project.

Describe the overall project and the major components in detail.

Evaluate alternatives to the various aspects of the project, viz. mining,
mineral processing, project development, transport of product,
rehabilitation.

Assess the likely impact on the environment.
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Develop an environmental management programme which will ensure that
adverse impacts are avoided or minimised.

Provide adequate information about the project and the environment in
which it will operate to the relevant  authorities to enable formal approval
to commence operations to be granted.

Outline of the ERMP

The ERMP is set out in a logical sequence as follows:

o

o

o

Summary
Introduction

The existing environment. Only those aspects of the environment which are
relevant to the project and may be affected are described in this Section,
ie.

- The physical environment - land tenures and licences, existing land
use, climate, geology, landforms and soils, hydrology, radiation levels,
dust and noise.

- The biological environment - flora and fauna.

- The community environment - archaeology and ethnography,
population, employment, infrastructure levels.

Description of the project. In this Section all of the processes that are carried
out to obtain the ore, process it and ship it to markets are described in an
orderly sequence, i.e. mining, mineral processing, infrastructure and services,
transport of the product, rehabilitation of land after mining, workforce and
decommissioning at the end of the project.

Analysis and management of the potential impact on the environment. In this
Section all of the environmental parameters which may be affected by the
project are described and ways of enhancing positive impacts and avoiding
or mitigating negative impacts are discussed. Alternatives to proposed actions
are presented and reasons given for the preferred course of action in each
case.

Environmental management commitments, The remaining major Section of the

ERMP is a summary of the environmental management and monitoring
commitments that will be undertaken by the Company.

LEWIS ENVIRONMENTAL CONSULTANTS
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Legislative framework and approval processes

The EPA has determined that the Beenup project is a major development, and
as such requires the preparation of an ERMP. The ERMP is a public document
and submissions are invited from interested persons and groups; these assist the
EPA in its assessment of the proposal and in the preparation of recommendations
to the Minister for the Environment.

The legislation under which the ERMP will be assessed is the Environmental
Protection Act, 1986. This Act provides the framework for the review process
and provides for the enforcement of management commitments made by the
proponent. Following the preparation of the ERMP by the proponent and its
acceptance by the EPA as a suitable document for review, there is a period of
review by members of the public and the government. Following this period of
review, submissions are collated by the EPA and passed to the proponent for
the preparation of suitable responses. These responses are then reviewed together
with the ERMP and all the public comments and the outcome presented by the
EPA in a public assessment report. This report includes recommendations to the
Minister for the Environment. Following a period of public appeal on the EPA’s
report, the Minister determines whether the project may proceed and under what
conditions.

Other State legislation which is relevant to the project and has been taken into
consideration in the ERMP includes:

Aboriginal Heritage Act, 1972-1980

Agriculture and Related Resources Protection Act, 1976-1983.
Bushfires Act, 1954-1981.

Conservation and Land Management Act, 1984.
Country Areas Water Supply Act, 1947-1979
Environmental Protection Act, 1986

Local Government Act, 1960

Mines Regulation Act, 1946-1974

Mining Act, 1978-1987

Noise Abatement Act, 1972

Radiation Safety Act, 1975

Rights in Water and Irrigation Act, 1914-1981
Road Traffic Act, 1974-1982

Soil and Land Conservation Act, 1945-1982
State Planning Commission Act, 1985

Water Boards Act, 1984

Wildlife Conservation Act, 1950-1980.
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1.5 HEAVY MINERAL MINING IN THE LOWER SOUTH WEST

The lower South West comprises the two statistical subdivisions of Vasse and
Blackwood (Figure 1.1). Exploration for heavy mineral sands has been carried
out in the Leeuwin-Naturaliste Block and in the Scott Coastal Plain. Mineral
occurrences which have been identified are described in the McKellar report on
the South West mineral sands industry.’

Many deposits of heavy minerals, most of them quite small, have been identified.
However it should be realised that the finding of a deposit does not necessarily
mean that it is a mineral resource which can be mined. Most deposits are too
small to be economically viable.

Mining for heavy minerals is not currently carried out in the lower South West.
There are presently two proposals to commence mining operations in this area:
®  Jangardup, near Nannup. An ERMP for this proposed operation has recently
been reviewed and recommended for approval subject to a suitable transport
option being defined.

Beenup, near Augusta. This proposed operation is the subject of this ERMP.,

® In the whole South West region of the State, the Southern Swan Coastal
Plain has been subject to the greatest intensity of exploration. A large number
of deposits have been proven and some of these have been mined or are
being mined. The first mining operation commenced in Koombana Bay in
1956.

These deposits are located in the following areas along old shorelines
successively further inland:

- Minninup Shoreline
- Ludlow Shoreline

- Capel Shoreline

- Yoganup Shoreline
- Waroona Shoreline

Although other deposits may be identified in the future, there are no other known
proposals being put forward at the present time.

’South West Mineral Sands Industry Report (1990)
South West Development Authority

LEWIS ENVIRONMENTAL CONSULTANTS
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20 THE EXISTING ENVIRONMENT

2.1 REGIONAL SETTING

The Beenup project is located in the Scott coastal plain, which is a low lying
swampy region up to 15 km wide along the south coast of W.A. (Figure 2.3).
This plain was formed when coastal dunes blocked an earlier drainage system.
The Scott River plain is a distinctive entity of the Western Australian landscape
and differs from other coastal lands in the south-west of the State.

The land is flat and featureless and much of it, particularly the area of the
project, has been cleared for pasture. Because of the flat topography, drainage
lines are poorly defined and there are extensive areas of seasonal wetlands. On the
low sandy ridges there is open woodland with Jarrah (Eucalyptus marginata),
Marri (E. calophylla) and Karri (E. diversicolor). Remnants of woodland and
swamp vegetation occur on the project site.

22 LAND TENURES AND LICENCES

Land tenures on the project site and environs are shown in Figure 2.1. The
project site is situated on freehold land wholly owned or controlled by the
Company. Part of the project site is bounded on the west and south by the Scott
National Park. The Park is accessible principally from the Blackwood River and
usage by the public is relatively light. There is no management plan for the Park
at present but the Department of Conservation and Land Management proposes
to develop one in several years time. A camping reserve abuts part of the
southern boundary. The remaining boundaries of the project site abut freehold
land owned by the Company and others.

The Beenup area is currently held under exploration licences by BHP Minerals
Ltd. However four mining leases have been applied for over the area of the
project site. It will be necessary for these mining leases to be-granted before the
project can commence.

One exploration licence application has been made by BHP Minerals Ltd. to
cover the Scott National Park. This has been done solely to protect the area
from application by other companies until the government resolves the issue of
exploration in National Parks.

2.3 EXISTING LAND USE

The cleared land on the farms in the area is used for grazing of sheep and cattle,
and hay production. The soils are sandy and low in fertility in their natural state

LEWIS ENVIRONMENTAL CONSULTANTS
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and where improved grass/clover pastures have been established, these require
regular applications of superphosphate with copper and zinc. The land is generally
not suitable for cereal cropping, being sandy and shallow, and waterlogged for
part of each year.

There has been no other land use since settlement in the late 1800’s, although
there has been investigation of the deposits of limonitic iron ore and lignite coal
in the area in the past.

24 CLIMATE

Records from Cape Leeuwin near Augusta may be taken as indicative of
conditions experienced at Beenup (Appendix IV). Mean annual rainfall is about
1,020 mm, with most of the rain being received between April and October each
year (Figure 2.2). The rainfall for Beenup is expected to be similar, as indicated
by the mean annual rainfall of 1,035 mm received at Alexandra Bridge, 8 km
north of Beenup.

The climate is the typical Mediterranean type experienced by the south-west of the
State, with warm summers and cool, wet winters. This regime is modified to some
extent at Beenup by its geographical position near the ocean. Rainfall is higher
than in most other parts of the south-west and also, some rain is usually received
in each month during the summer.

Monthly potential evaporation rates (class A pan) for Cape Leeuwin are shown
in Figure 2.2. The mean annual evaporation is approximately equal to the mean
annual rainfall, but the evaporation is significantly greater than rainfall during the
summer months.

Mean monthly minimum temperatures range from 11.0° in the winter to 17.3%
in the summer, and mean monthly maximum temperatures range from 16.5°c in
the winter to 23.5°% in the summer.

Winds are consistent all year round. The percentage occurrences of wind speed
versus direction at Augusta are presented in Appendix II for every month of the
year, at 9.00 in the morning and at 3.00 in the afternoon. Wind directional roses
for the four seasons are also presented. Prevailing winds during the summer are
from the east and south-east in the morning, changing to the south-east and south
in the afternoon. During the autumn-early winter period the prevailing winds are
from the north-east and west in the morning and south-east and south-west in the
afternoon. During the winter months the pattern is for winds from the south-west
and west throughout the day. These winds are usually associated with rain-bearing
depressions.
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The occurrence of light winds (up to 10 km/hr) is low in all seasons and from
all directions, indicating that there is little calm weather. The highest winds
(greater than 30 km) are experienced during the summer from a south-easterly
direction.

25 GEOLOGY

The Beenup area is located in the southern part of the Perth Basin, a deep fault-
bounded trough of predominantly sedimentary rocks extending north-south for
some 1000 km in the southwest of Western Australia. It lies in the Vasse Shelf,
between the Schroeder and Alexandra Bridge faults which define the structural
boundaries with the Leeuwin Block and the Bunbury Trough (Figure 2.3).

The Beenup deposit is situated within the Scott Coastal Plain, a low-lying swampy
area separated from the Blackwood Plateau to the north by the Barlee Scarp. The
plain is composed of four major dune and shoreline systems referred to as the
Donnelly, Warren, Milyeaanup and Quindalup Shorelines. All four contain sporadic
heavy mineral deposits, generally in subeconomic amounts.

There is no outcrop within the Beenup tenement. The area is underlain by
unconsolidated or pootrly consolidated sediments of Mesozoic and Cainozoic ages.
Small outcrops of the Cretaceous Bunbury Basalt have been noted in the Scott
River a few kilometres to the east.

The heavy minerals occur throughout a thick sequence of grey, complexly
interfingering gravel, sand, silt and clay horizons, which reaches a maximum
thickness of some 50 metres. This is covered by a wedge of fine, well-sorted buff
sands considered part of the Warren dune system. Local ferruginisation of these
younger sands forms a fairly extensive, although relatively thin, iron pan best
developed over the eastern portion of the deposit.

The mineralised zone unconformably overlies an older beach/dune sequence
comprising generally fine grained, well sorted buff to white sands with minor
gravels. A relatively large, almost east-west striking palaeodune underlying the
Governor Broome Road and the northern boundary of the Scott National Park,
delineates the southern portion of the deposit.

The heavy minerals are dominated by ilmenite. Zircon, rutile and leucoxene occur
in minor quantities. The original source of most of the heavy minerals is
considered to be the high grade metamorphic terrains in the immediately adjacent
Leeuwin and Yilgarn Blocks.

LEWIS ENVIRONMENTAL CONSULTANTS
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2.6 LANDFORMS AND SOILS

The mining lease application area (Figure 1.2) has a subdued relief, with
approximately 10 m fall over the project area. There are many swamps, most of
which become part of the drainage system during the wet season. There is an iron
pan at or near the surface in the eastern part of the area. Drainage is apparently
by sheet flow, eventually reaching the drainage lines which take the water west
to the Blackwood River and south towards the Scott River. The western parts
have a gently undulating sandy landscape which is interrupted by the drainage
lines. Soils and native vegetation are closely related to topography.

The project area forms part of the Scott River plain which has been described
by Smith (1951) and Tille and Latzke (unpublished) as a low-lying and poorly
drained area, sloping very gently to the south where it is bounded by Pleistocene
and Holocene coastal dunes. The Plain is covered by unconsolidated detrital
material which appears to have originated on the Darling Plateau (Smith 1951).

No detailed survey of the soils of the Beenup area has previously been carried
out, but the main soils recognised by the above authors include extensive areas
of shallow sands over a massive ironstone pan, deep sandy podsols on low rises
and minor areas of podsolic soils with a grey sandy surface over sandy clay
subsoil; both authors also mention the high water table over the area for much
of the year.

A soil survey of the Beenup project area was carried out during 1989, and a
complete description of the soil study is given in Appendix III. The soils are
mapped in Figure 2.4 and their essential characteristics are described below. The
soil was surveyed and described by boring holes on a 200 m grid over the area.

The soils fall into six main groups:

3 Soils with an iron pan within 1 m. These soils vary greatly in depth
over short distances, with an iron pan often outcropping at the surface
or within 10 cm of the surface. Colours may be grey, yellow-brown
or red-brown.

The gently undulating sandy terrain. The soil in this area occurs mainly
in the western part of the area, where it forms the interfluves between
the shallow drainage lines. The surface soil is sand to sandy loam and
weakly podsolised.

The gravelly yellow earth soils. These are a minor group, but
occasionally seen on the banks of the shallow drainage lines.
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The dunes and hummocks. These are low mounds of sand, usually
linear, occurring sporadically over the area. They have a well developed
podsol profile.

Swamps. These are shallow depressions which form part of the
drainage system in a very poorly drained landscape. The profile is
sandy throughout.

The drainage lines. These are broad and shallow and, though they are
mainly swampy, most have a well defined water channel. In many
cases the channel has eroded down to the iron pan. The soils are
similar to those that occur in the swamps.

These soils were derived from the sands, silts and clays that were deposited to
form the Scott Coastal Plain as a result of the deposition of sediments from local
rivers and the migration of ancient shorelines.

The top layer of soil has accumulated organic matter, and is referred to as topsoil
in the rehabilitation section (3.1.9). In the cleared areas where pasture has been
established, the introduction of grasses and clovers and regular fertilising has
increased the organic matter and plant nutrient content of the topsoil.

2.7 HYDROLOGY
A complete report on the hydrology is given in Appendix IV.

The hydrology of the area can be subdivided into those environmental processes
relating to surface water (surface hydrology) and those relating to groundwater
(aquifer hydrology). Both are intimately connected with rainfall infiltration
providing seasonal recharge to the aquifers, and groundwater migration slowly
toward the rivers where riverbank seepage returns groundwater to the surface
water system.

The proposed minesite area is only a small region of the much larger Scott
coastal plain - an extensive plain comprising interposed sands, silts and clays
deposited as a result of the migration of ancient shorelines and deposition of
bedload from local rivers. The north west section of the site lies to the west of
the drainage divide between the Blackwood River and the Scott River catchments
and drains to the Blackwood River. The south eastern section of the proposed
mine area drains to the Scott River.

As mentioned in Section 2.4, during summer months high evaporation rates exceed
rainfall by a significant margin. January is most often the driest period with an

LEWIS ENVIRONMENTAL CONSULTANTS
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average 20 mm being received. Potential evaporation at this time is about 140
mm due to the combined effects of temperature and wind.

Seasonal rainfall (and variability) over much of the south western region is
generally widespread and consistent; comparison of monthly records across 5
gauging sites shows a high level of correlation (see Figure IV-3, Appendix IV).
Increased rainfalls and low evaporation during winter commonly result in local
ponding and inundation of low lying and flat areas. Underlying aquifers are
recharged via downward seepage of waters and aquifer water tables are noted to
rise rapidly and contribute to runoff during winter. Within the minesite, several
drainage lines serve to collect and transport runoff in a west and south westerly
direction to the Scott and Blackwood rivers. Low rainfall and high potential
evaporation during summer result in minimal infiltration and during this period,
water tables are observed to decline steadily. Surface runoff ceases and some
areas develop hard pan.

Local aquifers comprise a layered or intercalated sequence of sands, silty sands
and clays through which heavy minerals are distributed. Shallow indurated sands
are also noted to occur at depths of about 2 to 5 metres over parts of the area.

The prevailing water table has been measured at 45 observation bores. Water
table geometry reflects the topography with flows mainly to the west, southwest
and south from the drainage divide (Figure 2.5). Perching of water tables may
occur in areas of extensive induration. Seasonal fluctuations have been recorded
(Appendix IV-4) with up to 1.5 metre variation noted during 1988-1989. Greater
movements are expected in drier years.

The overall geology of the aquifer in the mining area is reasonably consistent,
however considerable local variations in grain size, mineralogical composition and
percentage slimes occur within it. The aquifer contains three distinct permeability
zones (Figure 2.8). Mining will take place only in the upper (Al) zone, but the
lower two zones have significance from an overall water management point of
view.

Zone 1 (Al) consists of grey, complexly interfingering gravel, sand, silt and clay
horizons. It represents the ore bearing zone with permeability values ranging
between 0.2 and 2.5 m/day.

Zone 2 (A2) is a clear, fine-grained buff to white sand with an estimated
permeability of 8.5 m/day.

Zone 3 is a grey feldspathic sandstone. No hydrological holes have intersected
this zone but from its geology, it is expected to have lower permeabilities than
Zone 2 and probably acts as a hydrological barrier between Zone 2 and the
underlying regionally extensive Lesueur Sandstone aquifer.
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Lesueur Sandstone (main regional aquifer)

FIGURE 2.8

Diagrammatic cross section of mine site aquifer (not to scale)

The standing water levels observed in bores drilled into Zones 1 and 2 were
equivalent, indicating no upward movement of water from the lower (A2) into
the upper (Al) zone.

The Lesueur Sandstone aquifer has been intersected in the region in a number
of holes drilled by the Geological Survey of W.A. (P. Commander pers comm)
and is the major regional aquifer referred to by the Interdepartmental Task Force’
(1989) on transport infrastructure.

Groundwater quality is generally good with characteristics reflecting rainwater
recharge. Acidity is mild while sodium chloride and bicarbonate dominate the
ionic species. Salinity is low with total dissolved solids counts mostly below 300
mg/l (see Appendix IV - Table IV-5). Occasional layers of silty material may
yield up to 600 mg/l but the quality remains generally potable.

Local water usage is restricted to shallow dams.

* Transport Infrastructure for proposed mineral sands and source developments
in the South West of Western Australia. Report by Interdepartmental Task Force,
Department of Resources Development, Sept. 1989.

LEWIS ENVIRONMENTAL CONSULTANTS
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2.8 RADIATION LEVELS

The State Government requires a survey of radiation levels to be carried out over
land proposed for mining heavy minerals, as some of these minerals may be
slightly radioactive. A survey was carried out by measuring the absorbed dose
rate on a grid pattern over the mining area and the dry mill and office site. A
full report is given in Appendix V. The results show that the radiation levels are
low (0.05-0.14 micrograys per hour) and similar to background radiation levels in
the district.

29 DUST

Existing dust levels are very low due to the regular rainfall and the pasture and
natural vegetation cover on the land. Traffic densities on the roads are very low
and generate little dust.

2.10 SOUND LEVELS

The existing background sound levels at residences near the proposed mining area
and dry mill were established. Values varied between 22 dB(A) and 40 dB(A),
depending on wind conditions and other factors such as barking dogs and aircraft.
A full description of this study is given in Appendix VL

Acceptable outdoor noise levels are given in the Regulations of the Environmental
Protection Act, 1986", as follows, for a neighbourhood category A-1 which is only
or predominantly country, with negligible transportation:
(@ Monday to Friday, 7am to 7pm: 40 dB(A)
(b) Monday to Friday 7pm to 10pm,
weekends and public holidays,
7am to 10pm: 35 dB(A)

(© Always, 10pm to 7 am: 30 dB(A)

“Environmental Protection Act, 1986
Noise Abatement (Neighbourhood Annoyance) Regulations, 1979
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2.11 VEGETATION AND FLORA

A complete report is given in Appendix VIL The essential features of that report
are presented below.

2.11.1 Scope of study
The primary survey area is shown in Figure 2.6. It includes all of the proposed
mining area (which is shown in Figure 3.2) and also areas to the north-east and
south-east. The dry mill and office site, the location of which is shown in Figure
3.2, was also surveyed (Flgure VII-2). Together these areas comprised the Beenup
survey area. Remnants® of native vegetation grow on these areas, however most
of the area has been substantially cleared and pastures established. It is estimated
that 35% of the mining area comprises remnants of the original native vegetation.
Additional site inspections were carried out in nearby areas (Figure 2.1):

° Scott National Park.

° State Forest.

- Camping Reserve A*12951/4753.

Road verges.

Remnants of natural vegetation on private land, particularly within
BHP mining lease applications (including Location 4255).

S Near the proposed mill and office site (part of Location 4151).
The survey was carried out to:
° Define and map the plant communities.
Produce an inventory of flora species.

Assess the local and regional significance of the plant communities.

Assess the conservation significance of the flora on a local and regional
basis.

* Remnant: any patch of native vegetation around which most or all of the
original vegetation has been removed.

LEWIS ENVIRONMENTAL CONSULTANTS
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Assess the degree of similarity of the flora and vegetation when
compared with nearby areas of State Forests, National Parks, in
particular Scott National Park, the Camping Reserve, road verges and
remnants on private land.

Locations of particular botanical interest have been identified and methods are
suggested for minimising the potential impact of the mining operation.

Field studies were carried out in June, 1989 and during the September to
December, 1989 period. The major part of the field work was delayed until the
spring-early summer period (September to December), to enable a maximum
number of positive identifications to be carried out on flowering plants. Survey
methods are described in Appendix VIL

2.11.2 Vegetation

Vegetation describes the native plant communities growing on the area. Vegetation
communities are mapped in Figure 2.6.

Nineteen plant communities were defined, which fall into 4 broad groups:
Vegetation Code 1

Open forests and woodlands of Jarrah, Marri, Yarri, Banksia, Peppermint and
Paperbark.

Vegetation Code 2

Low open woodlands and forests of Banksia, Peppermint, Paperbark and
Jarrah.

Vegetation Code 3
Open and closed heaths of Banksia and mixed Proteaceac-Myrtaceae species.
Vegetation Code 4

Sedgelands of Lepfocarpus species, Cyperaceae-Restionaceae species and
Juncus pallidus.

These plant communities are closely related to landforms and soil types.
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2.11.2.1  Forest and woodland vegetation - Vegetation Codes 1 and 2

The most extensive areas of these communities occur on the western section of
the mining area (Figure 2.6). The dominant trees are Jarrah (EBucalyptus
marginata), Marri (E. calophylla), Yarri (E. patens), Peppermint (Agonis flexuosa),
a range of Banksia species and Paperbark (Melaleuca preissiana). The overstorey
species reflect the range of soil and moisture conditions, with the range from
Banksia species on the sandier sites, Paperbarks on the wetter sites to Yarri on
the alluvial sites. The total area of forests and woodlands has been markedly
affected by clearing for agricultural activities. Few areas within these communities
in the paddocks have escaped grazing and trampling pressures, with the result that
the understorey in many of these remnants has been substantially modified.

The proposed mill and office site on Location 4151 (Figure 2.1) occurs in a
disturbed low woodland of Agonis flexuosa - Banksia ilicifolia - Eucalyptus
marginata on a small sandy rise (Vegetation Code 2.2 Figure VII-2). The
understorey has been affected by cattle grazing and as a result, there is a range
of introduced species. No gazetted rare species were recorded in this area.

By contrast, the forest and woodland communities (Vegetation Code 2.1) in
Location 4254 and the eastern half of Location 4264 (Figure 2.1) are relatively
free of disturbance and introduced species.

The other groups of low woodlands occur on the series of depressions, swamps
and drainage lines throughout the survey area (Vegetation Codes 2.3, 2.4 and
2.5). All these areas support Melaleuca preissiana in the overstorey, with varying
associated species depending on local soil and drainage conditions.

2.11.2.2  Heath communities - Vegetation Code 3

These occur on the sandier and shallower soils. Local distinctive features include
the thickets of Banksia occidentalis ssp. occidentalis (Vegetation Code 3.1), a
small area of which occurs on Location 4254, the stands of the gazetted rare
species Lambertia orbifolia and Darwinia sp. (G.J. Keighery 3582) and the high
range of species in the heaths. Nine of the ten species from the Reserve Flora
Priority List identified in the Beenup survey area and both of the species from
the Gazetted Rare Flora List identified in the Beenup survey area occur on the
closed heaths on the shallow sands over the iron pan in the eastern half of
Location 4264 (Refer Section 4.9.2). This area is outside the proposed mining
area.

LEWIS ENVIRONMENTAL CONSULTANTS
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2.11.2.3  Sedgelands - Vegetation Code 4

These occur on the broad, seasonally moist to wet depressions and drainage lines.
The density of plant cover in some areas has been affected by past burning and
grazing activities.

2.11.24  Remaining areas

These have been mapped as cleared areas, but include the modified communities
along the road verges and in the cleared and semi<cleared farmlands. The
dominance of introduced species in these areas and the occurrence of grazing
animals have left few areas of significant native vegetation. These largely cleared
areas occur in approximately 65% of the Beenup survey area.

2113 Flora

Flora refers to the individual plant species that grow on the area. They determine
the type of plant community.

A total of 326 species was recorded in the Beenup survey area, representing 55
families and 176 genera. Of the 326 species, 31 were introduced species.

The distinctive flora of the Scott River Plain appears to occur in association with
specific soil types in the area. A recent soils study, Tille and Lantzke (in press),
has indicated that these soil types are restricted in occurrence to the localised area
which encompasses the Beenup survey area. This explains why a range of flora
species has been recorded on this survey as being geographically restricted to the
area near the proposed Beenup project.

° Species from the Gazetted Rare Flora List

Two Gazetted Rare Species were recorded in the Beenup survey area, viz.
Darwinia sp. (G.J. Keighery 3582) and Lambertia orbifolia. These two species
were recorded in the eastern half of Location 4264, which is not on the proposed
mining area and along Governor Broome Road. Reconnaissance for both of these
species was carried out in nearby areas of State Forest, Camping Reserve no.
12951, Scott National Park, adjacent private property within the BHP mining lease
applications and the road verges. No additional locations of these species were
recorded outside the Beenup survey area, besides those already known by the
Officers of the Department of Conservation and Land Management.

Species from the Reserve Flora Priority List

Ten species from the Reserve Flora Priority List were recorded in the Beenup
survey area (Appendix VII). All of these species for varying reasons are potentially
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rare, depending on their future management and monitoring. In some cases the
lack of information and data have resulted in their inclusion on this list.
Nevertheless the conservation status of all these species is under consideration and
is being monitored by CALM. Nine of these ten species occur in the eastern half
of Location 4264, which is not on the proposed mining area.

Species of interest

Three of the species and a new genus which were collected, were of particular
interest. A new species of Boronia was collected for the first time on this survey;
Hovea stricta is geographically restricted and has been poorly collected in the
past; Verticordia lehmannii is geographically restricted and has been collected from
only a few locations; the new genus has been only recently described and not yet
published, therefore identification of the specimen collected during the survey
cannot be fully named. It is referred to as Genus nov. (aff. Loxocarya sp.).

o

Summary of occurrences of restricted species

The botanical study has revealed that a majority of these species occur in the
eastern half of Location 4264, as follows:

- The two Gazetted Rare Species.

- Nine of the ten species on the Reserve Flora Priority List. The tenth
species Hypocalymma aff. cordifolium, is also known from Scott
River and Northcliffe areas.

- The new Boronia species. Of the two remaining species, Hovea stricta
has been recorded on the northern sandplains and from the
Busselton/Cape Naturaliste area; Verticordia lehmannii is confined to
the Busselton/Scott River area. Information on the distribution of the
new genus must await more extensive botanical surveys throughout the
region in the future.

The eastern half of Location 4264, has been excluded from all mining proposals.
2.114 Presence of dieback due to Phyfophthora cinnamomi

During the intensive survey a series of recent deaths was noted for Blackboys
(Xanthorrhoea preissii), Jarrah (Eucalyptus marginata) and Lambertia orbifolia
(one of the gazetted rare flora species). Three samples of root and bark material
were collected by Officers of CALM from recently dead Lambertia and three
samples of root and bark material were collected from dying or dead Blackboys
and Jarrah. The dieback fungus Phytophthora cinnamomi was isolated from all
three Lambertia orbifolia collections made in the eastern half of Location 4264
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and from the recently dead Xanthorrhoea preissii on the lower moist slopes in
the south-west corner of the Beenup survey area. It was not positively identified
in the Jarrah collection.

A comprehensive dieback survey was not carried out on the Beenup survey area;
however these results confirm the presence of this fungal disease in the area. A
survey of dieback over the mining area and dry mill and office site is planned
after approval for the project to proceed is granted and a dieback management
programme will be prepared (Section 4.9.3). The pattern of infection in the south-
west corner appears to be similar to the frontal pattern seen in other Jarrah forest
communities to the north and east of the survey area. In contrast, the pattern on
the seasonally wet shallow soils which support the rare Lambertia orbifolia in the
eastern half of Location 4264 appears to be spot infections. The implications for
management are discussed in Section 4.9.3.

#3174 TERRESTRIAL VERTEBRATE FAUNA

A complete report is given in Appendix VIII. The essential features of that report
are presented below.

2121 Scope of study

The primary survey area was the Beenup survey area as defined in Section 2.11.1.
In addition faunal assessments were carried out on the following areas adjacent
to the Beenup survey area (Figure 2.1):

o

Scott National Park.
Camping Reserve A”*12951/4753.

Locations 4152, 4253, 4255, 4256 and 4258, to the north, south and
west of the Beenup survey area.

The primary objectives of the terrestrial vertebrate fauna survey of the Beenup
survey area were to:

¥ Produce an inventory of the vertebrate fauna of the area and, based
on the habitats present, a provisional list of unrecorded species.

Assess the conservation significance of the fauna on a regional and
local basis.
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Give particular attention to species declared rare under Schedules 1
and 2 of the Wildlife Conservation Act, 1950-1980.

Relate the fauna recorded to the major vegetation types of the area.
Where possible, carry out systematic data collection from representative
sites to allow for valid statistical comparisons between the various

habitats.

Compare faunal habitats ie. vegetation and soil types, in terms of
their fauna species richness and abundance.

By means of site inspections, assess the similarity and conservation
status of fauna habitats in nearby areas.

Assess the potential impact of mining activity on the fauna of the
area and define locations of particular concern.

Review methods whereby the impact of mining activity can be
minimised.

Methods used to collect field survey data are described in detail in Appendix
VIII. The field survey data were collected at three periods during 1989:

A brief winter reconnaissance survey in June, 1989.

An intensive, integrated flora, vegetation and vertebrate fauna survey
in late September-October, 1989.

An opportunistic summer assessment in mid-December, 1989.

2123 Survey results

Six broad habitat categories representing the major vegetation communities and
their variants have been defined to facilitate extrapolation of results to structurally
similar habitats outside the Beenup survey area. While these adjacent areas may
differ in their floristic composition, they remain essentially similar in terms of their
fauna.

¢ Tall Eucalypt forests - Vegetation Code (1).

Low woodlands dominated by Banksia species and/or Agonis flexuosa -
Vegetation Code (2).

¢ Heathlands - Vegetation Code (3).
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o

Wetlands, viz. swamps, creeks, temporary pools - Vegetation Code (4).

o

Road verge (undifferentiated habitats).
° Farmland.

A total of 76 species of birds was recorded in the Beenup survey area. Two of
these bird species are gazetted "rare, or otherwise in need of special protection".
These were the Peregrine falcon Falco peregrinus and Red-eared Firetail Emblema
oculata. Both were recorded in the heathlands habitat. None of the remaining bird
species recorded on the Beenup survey area, or expected to occur there, is rare
or restricted.

Comparative data are given on the species richness and abundance of bird species
in the various vegetation communities (Appendix VIII).

FEleven native and seven introduced species of mammal were recorded in the
Beenup survey area during the field surveys. None of the mammals recorded was
unexpected or unusual for the area. Results indicate that Euwcalyptus spp. open
forest and the open heath/scrub are the richest in native mammals. The grey
kangaroo (Macropus fuliginosus) was the most frequently recorded native mammal
in the Beenup survey area. This animal has the ability to range over the whole
area, both native vegetation remnants and pasture land. The bush rat (Rattus
fuscipes) was the most commonly captured small native mammal. Rabbits were
extremely common along vegetated road verges but there were few signs of their
presence in the larger remnants of native vegetation within and beyond the Beenup
survey area. Other introduced mammals which were recorded were the house
mouse, the black rat and foxes.

Fight amphibian and 15 reptile species were recorded during the field surveys.
These species have all been previously recorded in the general area, although
several represent minor range extensions.

Poor sampling conditions (due to heavy rain and waterlogging) during the main
survey period, preclude any definitive statement on the comparative reptile
assemblages of the various vegetation communities. The forested sites are most
likely to be richer, because of their greater diversity of micro-habitat such as
fallen logs, standing dead trees and deeper, friable soils suitable for burrowing.

2.12.3 Assessment of adjacent areas
The proposed mining area cannot be viewed in isolation, as it is intimately

connected with two areas of reserved land and adjoining farmland which has
been cleared to a greater or lesser degree. Time was therefore allocated during
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all surveys to assess this relationship. The main objective of these inspections was
to assess how each location (Figure 2.1) related to the proposed minesite in terms
of habitat representation, conservation of species potentially affected by mining and
possible impact of the project. '

2.12.3.1 Scott National Park

The park is a large area of relatively undisturbed habitat which has the capacity
to support healthy populations of all the vertebrates recorded or expected to
occur in the proposed mining area, plus several other species adapted to specific
habitats not represented at Beenup.

2.12.3.2  Camping Reserve A"12951/4753

Although small, the Camping Reserve supports a range of habitats, all of which
are in better condition than the bulk of the Beenup survey area. The camping
area is unlikely to support any species not recorded on the Beenup survey area,
as the habitats are similar to those on the survey area. Populations may be higher
however, because of the lack of recent stock grazing.

2.12.3.3  Location 4255 - north-west of the mining area

This block is contiguous with the north-western section of the mining area and
is basically an extension of that area. For the most part, this private land
supports large areas of habitat similar to the Beenup survey area and in particular
the Jarrah/Marri forest. The low heath/sedgeland of the mining area is also well
represented, particularly in the southern, central portions. Both of these habitats
are likely to support a similar range of vertebrates as was recorded on the Beenup
survey area.

2.12.34  Location 4256 - west of the mining area

This block is between the mining area and Scott National Park. It is mainly
cleared with remnant degraded vegetation along creek lines and around swampy
country. For the most part its fauna is liable to be depauperate and equivalent
to the fauna of the farmland.

2.12.3.5  Location 4258 - west of the mining area

This block between the mining area and Scott National Park. It is mainly cleared

land with some remnant vegetation along creek lines and near the park boundary.
The fauna is expected to be fairly depauperate except close to the park boundary.
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2.12.3.6  Location 4253 - north of the mining area

This block is almost entirely cleared and the species present, with few exceptions,
are likely to be those listed for farmland.

2.12.3.7  Location 4152 - north of the mining area

This block is mainly cleared and the remaining vegetation has been grazed by
stock, some areas more than others. Elements of swamp country, low heath and
low Banksia/Peppermint woodlands are present and are likely to support all the
species listed for these habitats (Appendix VIII).

Two locations of some significance to fauna were on this block: an open water
swamp surrounded by a paperbark forest on the southern boundary; and a long
sandy ridge supporting a low, mixed woodland of Banksia/Peppermint.

The open swamp still contained a large amount of water during the summer
survey and evidently plays a role as a drought refuge in dryer months of the
year. It is possible that it also acts as a feeding and breeding area for water
birds. The sandy ridge area supporting low, mixed woodland may be expected
to support all the species listed for similar sites on the Beenup survey area;
however its significance to fauna is that it is the largest remnant of this particular
type of low woodland in the vicinity of the proposed mining area.

2.12.4 Conclusions

The only rare faunal species recorded on the Beenup survey area were the two
birds Peregrine falcon and Red-eared Firetail. The Peregrine falcon is a highly
mobile bird with little habitat specificity. It is present throughout Australia and
while nowhere common, is a species with a cosmopolitan distribution. The Red-
eared Firetail is distributed throughout the wetter portions of the south-west of
Western Australia, in dense vegetation along streams. No rare mammals,
amphibians or reptiles were recorded.

With regard to significant species, no vertebrate, including those gazetted as rare,
or otherwise in need of special protection, can be considered as being threatened.

Approximately 65% of the Beenup survey area is pasture or grazed native
vegetation with very little understorey and therefore represents severely degraded
faunal habitat. The remaining patches of uncleared land, although accessible to
grazing stock still have a moderately high fauna conservation value, judging by
the results of this survey. While these remnants do not have the significance of
large, cohesive units such as the adjacent National Park, they do fulfil a
prominent role in maintaining populations of the vertebrate species recorded or
expected to occur in the Beenup survey area.
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2.13 ARCHAEOLOGY AND ETHNOGRAPHY

An archaeological and ethnographic survey of the project area was carried out
in May, 1989 by Peter Veth of the University of Western Australia and Philip
Moore of Curtin University, under the direction of the Centre for Prehistory,
The University of Western Australia. A full report is given in Appendix IX and
the essential features are presented below.

2.13.1 Ethnohistorical background

The region east and south of the Blackwood River, including the area of the
Scott River, comprises one of the ethnographically least known regions of the
south-west of Western Australia. Difficulties of access and clearing, for either
agricultural or pastoral purposes, resulted in a late penetration of the region by
European settlers.

Although only about 12 km from Augusta, the Scott River area was rarely visited
by Europeans for a variety of reasons. The European settlement established at
Augusta in 1830 was small, with never more than 80 inhabitants closely clustered
about the mouth of the Blackwood River. The town and the majority of land
grants were located on and about the western shores. Large areas on the east
side, including the Scott River and the project site, were granted to George Leake
and Thomas Turner but were almost certainly never used and probably rarely
visited.

The European settlers at Augusta did not take the same interest in Aboriginal
lifestyles that was shown in the larger colonies. Although interaction with the
Aboriginal population was virtually continuous and at least some people were
able to speak Nyungar and were obviously well regarded by the Aboriginal
inhabitants, there does not appear to have been any deliberate attempt to record
any information about them.

Another limiting factor to ethnographic observation in the region was that in
1834 approval was finally given for most of the land grants to be transfered
from Augusta to the more easily cleared country about the Vasse. There was a
rapid exodus to the north, although many people moved between their holdings
at both settlements for the next few years. By 1840 Augusta was virtually
abandoned.

Commencing in the 1850’s a number of pastoralists began to spread southward
from the Vasse, concentrating on coastal areas and the grassed plains along the
river valleys. It is difficult to assess when they might have penetrated to the east
bank of the Blackwood, although it was probably not until the late 1860’s or
1870’s and then not in any great numbers.
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Consequently, by the time permanent European homesteads were established in
the late 1800’s, most Aboriginal people had probably gravitated towards the towns
or other settlements, leaving little or no opportunity for the observation or
recording of traditional culture or economy.

213.2 Archaeological survey

Archival research has yielded little material relevant to the survey area. The
general Aboriginal occupation pattern for the Scott River area east of the
Blackwood was probably not intensive and generally limited to the summer
months. The winter was a period of dispersal into the forest for hunting larger
game. The main concentrations of economic life about the lower Blackwood and
Scott River districts were probably the river systems, swamps and wetlands.

Seven archaeological sites have been previously recorded within a 10 km radius
of the project site (Figure 2.7). These comprise five reworked surface scatters,
one surface artefact scatter and one engraving on flat limestone outcrops. All are
recent and represent ephemeral occupation.

All cleared parts of the project site were surveyed along traverses at 200 m
intervals. Soil exposures were studied in detail. The woodland remnants were
surveyed along traverses at 50 m intervals.

No cultural material was located, which was a surprising result. This may be due
to the disturbance that has taken place over most of the survey area in the past,
due to clearing and pastoral activities.

A3 Ethnographic survey

The purpose of this survey was to locate any sites within the project site which
may have significance for living Aboriginal people and to make an assessment
of any such sites in terms of Western Australia’s Aboriginal Heritage Act, 1972-
1980. The survey involved examining site documentation for the area and previous
historical and ethnographic accounts of the region, as well as visiting the project
site in the company of Aboriginal spokesmen for the area.

A review of the site files of the Department of Aboriginal Sites, Western
Australian Museum (carried out by the Centre for Prehistory, The University of
Western Australia), indicated that no sites of significance to Aboriginal people
have been registered in the vicinity of the survey area. The ethnohistorical review
of the region indicated no known sites of significance to Aboriginal people in
the area.

The most knowledgeable Aboriginal people with respect to the area were contacted
with the assistance of the Bunbury Aboriginal Progress Association and the
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Southern Aboriginal Corporation, located in Bunbury. These Aboriginal people
located no sites of significance within the boundaries of the project site.

2.14 THE SOCIO-ECONOMIC ENVIRONMENT

The principal components of the existing community environment which are likely
to be affected by the proposed project are discussed below. For the most part
this discussion is confined to the Augusta-Margaret River Shire area, and the two
main settlements of Margaret River and Augusta. A complete report is given in
Appendix X. The regions and Shires discussed in this section are shown in Figure
1.1

2.14.1 Community Consultation Programme

The proponent has set up a community consultation programme to involve the
district’s residents in the planning of its Beenup mineral sands venture. The nature
of the project - and the characteristics of the Augusta-Margaret River Shire
communities -have made effective consultation an important step in planning the
Beenup development. Many local residents are interested in environmental and
lifestyle issues.

The proponent has taken the view that the technically uncomplicated Beenup
venture - mining and mineral separation - allows for planning modification to
meet local community priorities. As a result, the community has been asked to
take a constructive role in the project planning.

The proponent’s programme has incorporated the following key elements:

° The formation of a locally based community consultation group.
Direct mail advice to all of the Shire residents.

Regular media release and advertising information, directed to local
newspapers, rather than regional or State media.

Shopping centre displays.
On site information days.
Guest speaking engagements to local community groups.

A survey of community issues.
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This programme was a Company initiative which later attracted the interest of
the State Government’s Social Impact Unit. Full details of the Community
Consultation Programme are given in Appendix XII.

2.14.2 Economic profile

The historical base for economic activity in the Leeuwin-Naturaliste region has
been various forms of primary production, namely agriculture, timber production
and, to a lesser extent, fishing. Today, the economy is more diverse with a
major dependence on agriculture and tourism, and with significant contributions
from the mining and service industry sectors. The timber and fishing industries
remain important but now play a lesser role in the economy of this area.

The Shire’s workforce at the time of the 1986 Census comprised 2324 persons
of whom 292 were unemployed. It is estimated that the workforce currently
numbers some 2600 persons of whom approximately 200 are unemployed. Skills
distribution of the existing Shire workforce,and details of labour force status and
industry employment are presented in Appendix X.

The South West Region of Western Australia (Figure 1.1) is a major producer
of mineral sands, with the rich deposits in the vicinity of Capel forming the basis
of the industry. The region produces in excess of 14% of the worlds ilmenite. The
value of mineral sands production for the South West region totalled $75.78M in
1986-87, and the industry employed in excess of 350 persons. Western Australia
is now the leading producer in the international mineral sands industry. The State
supplies 43% of the worlds ilmenite, 21% of the rutile, 40% of the zircon and
54% of the monazite. Mineral sands production for the entire State in 1987-88
totalled 1.61 million tonnes valued at $293M.

The Shire covers an area of 2370 square km with approximately one third of
this area being held in freehold title. Total Shire revenue for the 1987-88 financial
year amounted to $3.283M of which rates revenue accounted for 26.6%, and
government grants 28.1%. Total outgoings amounted to $3.175M and comprised
recurrent payments (49.5%), capital payments (44.4%) and debt servicing (6.1%).
It is Councils current policy to raise a minimum of 50% of its revenue needs
from local activities, and to keep rate increases in line with the Consumer Price
Index.

Council is currently concerned that the increasing demand on its resources for
tourist related facilities may reduce the availability of funds for meeting the needs
of the permanent population. Councils aim is to ensure that no undue impact is
placed on the resident community as a result of this growth.
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2.14.3 Demographic profile

The South West Region of Western Australia is the most densely populated, rural
region of the State. In June, 1987 the estimated resident population was 121,763
persons representing 8% of the State’s population and 29% of the population
living outside the Perth Metropolitan Area. The Shire of Augusta-Margaret River
(Figure 1.1) with a resident population of 4,825 persons in 1986, contained 4.06%
of the region’s population. This compares with 3.61% in 1981, and 3.5% in 1976.
Over the 10 year period 1976-1986, the South West Region’s population grew at
an annual average rate of 3.27%, whereas the population of the Augusta-Margaret
River Shire grew at a rate of 4.83%.

The past decade has seen a substantial change in the Shire’s population
characteristics. Rapid growth in visitor and resident numbers has taken place,
with the resident population increasing 31% between 1981 and 1986. The latest
ABS population estimate for the Shire is 5,505 persons (June, 1988). Shire
population growth projections, prepared by the Department of Planning and
Urban Development, indicate that the Shire can expect a resident population of
between 8,700 and 10,600 by the year 2001. Figure 2.9 illustrates these
projections.

In addition to the Shire’s permanent population, the Shire has a floating tourist
population. The Department of Planning and Urban Development estimates that
peak tourist numbers during the summer season reach some 12,400 persons, with
the average throughout the summer being approximately 6,000 persons. These
persons are overnight or longer term tourists. If one includes an estimated 3,000
(peak) daytrippers, the population of the Shire can exceed 20,000 persons on
occasions such as the Leeuwin concert and the Margaret River surf classic. This
tourist influx places a severe strain on the Shire’s facilities and financial resources.

2.144 Housing

The Shire’s housing market is currently very tight with supply and demand very
closely balanced. Over the past few years demand for housing has outstripped
supply generating a consequential rise in housing and property prices. In Augusta,
there is a land and housing shortage whereas in Margaret River there is surplus
land for home building available.

Current residential prices in Augusta vary between $37,000-$80,000 for a standard
residential allotment, and between $80,000 and $350,000 for an established home.
Homes with views across the Blackwood River and Flinders Bay command the
highest prices. Property prices in East Augusta for a standard residential
allotment without town services range between $37,000 and $52,000 depending on
proximity to the river.
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Shire of Augusta-Margaret River
Population growth pattern to the year 2001

Residential land prices in Margaret River generally vary between $35,000 and
$50,000 for a standard serviced allotment, and between $50,000 and $75,000 for
a small acreage block. Established house prices vary between $85,000-$150,000
(standard allotment) whereas prices for homes on small acreage properties vary
between $120,000 and $315,000. Residential land at Prevelly Park ranges between
$50,000 and $86,000 with the average established home selling in the $120,000-
$140,000 range.

The two smaller settlements of Karridale and Witchcliffe have little or no capacity
to provide additional allotments for residential purposes. Karridale has no vacant
residential lots whereas Witchcliffe has approximately 20. These blocks. are not
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serviced by reticulated water or sewerage systems although they have access to
power and telephone.

The existing housing stock consists primarily of single detached dwellings with a
limited number of other housing types. A significant feature of this housing is
that approximately 13% of private homes are unoccupied for a major part of the
year as they are used for holiday purposes only, and approximately 12% are
available for private rental. Further details are provided in Section 3.3.3, Appendix
X.

The Shire, being a tourist destination, has a substantial range of temporary
accommodation facilities ranging from serviced hotel/motel accommodation to
camping/caravan sites. Details are provided in Appendix X.

2.14.5 Land use and development

Land tenures in the vicinity of the Beenup project are shown in Figure 2.1. Lands
comprising the proposed mining area are currently used for agricultural purposes,
viz. grazing of cattle and sheep on improved pastures. Lands adjoining the
proposed mining area are used for similar purposes, with the exception of lands
to the west and south which comprise parts of Scott National Park and lands to
the south which comprise Camping Reserve 12951. The Scott National Park
protects about 3300 ha of open jarrah and marri woodland, swamps and riverine
vegetation, It features pristine bushland, and provides habitats for many different
animals and birds common to the South West. Only one area in the park is
used for recreational pursuits. Twinems Bend, accessible by boat only, is a water
ski area.

The proposed mine site is zoned "Rural" under the Augusta-Margaret River Shire
town planning scheme. Under the Leeuwin-Naturaliste Region Plan (Stage Two)
the area forms part of the South Coast Planning Area (Area No. 7). This
regional plan recognises the value of these grazing lands (which have a higher
rainfall and longer growing season than other sectors of the region), and is
committed to ensure the continued use of agricultural land for extensive grazing
purposes. The Plan also recognises the value of the fragile coastal dunes and
wetlands between the Scott River and Flinders Bay, immediately to the south of
the proposed mine site. In this regard, it announces an intention to declare the
coastal dune systems and environs a "Soil Conservation District" and the foreshore
area a "Soil Conservation Reserve" pursuant to the provisions of the Soil and
Land Conservation Act. The occurrence and potential for the development of
heavy mineral sands mining in the area is noted in the Plan. It stipulates that
any proposals to mine should have due regard to the water quality of the Scott
River and the management of coastal wetlands and dunes.
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With respect to the establishment and/or expansion of settlements within the Shire,
it is the planning intention to centre all new development in or adjacent to
existing urban centres. It is intended that the further expansion of East Augusta
be restricted to holiday-retreat type uses, and that Augusta may be promoted as
the major tourist and retirement destination.

The proposed mine site is readily accessible by means of the existing Shire road
system. The site, located on Scott River Road, has access to Augusta via Payne
and Courtney Roads, and the Brockman and Bussell Highways; and to Margaret
River via the same road system or an alternative route using Warner Glen Road.

The town of Augusta has a town water reticulation system which is based on a
spring located near Cape Leeuwin. It currently provides water to 600 premises,
but during the summer tourist season the system is reaching the point where it
is overloaded. The supply volume from the spring has been dropping over recent
years and now the system can supply only approximately 2000m’ of water per
day. The Water Authority is currently investigating a new water source in the
Fisher Road locality.

The township is not sewered at present. It is planned to commence construction
of a limited deep sewerage system in 1990 to service the commercial area and a
new subdivision being constructed by the Shire Council.

Margaret River’s water supply is considered to be marginal both in terms of
quantity and quality. At present, 750 services are provided with the system’s
storage capacity only sufficient to handle a 1 in 50 year drought. To overcome
the situation a new dam is proposed to be constructed on 10 Mile Brook and
be operational in the summer of 1992/93. The town is currently partly sewered,

and a programme is currently being undertaken to catch up the backlog of
existing properties.

The Shire is well served by telephone and electricity supply with most residents
having access to such services if they desire to do so. Problems are, however,
experienced with the quality of the electricity supply as voltage drop is common,
especially in Augusta. This causes problems with sensitive electronic devices such
as business computers and the like. A 64 KVA transmission line brings power

from the State grid to a substation at Margaret River from whence it is
distributed around the Shire.

The Shire is not serviced by a regular air service, although airstrips exist at both
Augusta and Margaret River. The Augusta strip is capable of handling small
commuter aircraft and can operate both day and night. It is regularly used by
small planes and emergency services aircraft.
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2.14.6 Social infrastructure

The Augusta-Margaret River Shire contains 4 primary, 1 secondary and 1 non-
government school. In addition to these facilities, the South West College of
Technical and Further Education is located in Bunbury and this facility provides
both in-house and external teaching facilities. The Bunbury Institute of Advanced
Education provides tertiary courses in business, nursing, education, computers,
arts and fine arts.

The Shire contains two hospitals, one situated in Margaret River and one in
Augusta. They, in conjunction with regular visits from specialists, the more
extensive medical facilities of Busselton and Bunbury, and local doctors, provide
for the populations health care.

The range of community facilities provided in the Shire is quite substantial given
the relatively small population base and the need to spread resources to provide
similar facilities in both Augusta and Margaret River. Margaret River, as it has
the larger population and is the Shire’s administrative and commercial centre, has
a greater range of facilities, although given the travel time involved in moving
between the two communities, most facilities are within easy reach of the vast
majority of the Shire population. Details of sporting and civic facilities, and the
various clubs and organisations in the Shire are presented in Appendix X.

The retail, commercial offices and service and light industrial facilities operating
in the Shire are reasonably comprehensive, given the size and nature of the local
community. The influence of the area’s tourist industry and the demands of the
in-migrating population are largely responsible for this. The range of facilities is
sufficient to cater for all day-to-day convenience needs and basic comparison
shopping. The range and number of tourist shopping outlets and restaurants
provide a level of service which would not normally be supported given the local
population base. The centres of Busselton and Bunbury provide for virtually all
other needs.

The Augusta-Margaret River community consists of a number of subgroups - the
farming/fishing community, the business community, the retirement population and
those who pursue their own alternative lifestyles. These groups, whilst they may
be categorised in the above manner, interact closely in their day-to-day business,
social, sporting, and civic administration activities. The community is considered
to be better for this interaction, and for the more interesting and varied
community life such interaction generates. This does not mean that particular
issues do not generate different views or the polarisation of views within the
community.
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3.0 DESCRIPTION OF THE PROJECT
3.1 MINING
3.1.1 Development and Construction

Based on the time taken for the recent Cable Sands-Jangardup ERMP review and
assessment, the Beenup ERMP document being submitted to the EPA in March
1990, and the document being released for public review in late March, 1990, the
proponent anticipates that a decision on the project will be obtained by early to
mid September, 1990.

On this basis, if approval for the project is granted, construction will commence
in October 1990, with the major emphasis being civil works, to take advantage
of the "dry season". Initial activities will be:

4]

Upgrading of roads from site to Vasse Highway via Sues Road.

Construction of site access and preparation/erection of
construction areas.

In early 1991 work will commence on site services and facilities including:

o

Construction workforce accommodation.
Administration, workshop and stores buildings.

At the same time, fabrication of plant and manufacture of equipment will
commence. On-site erection of the dredge, wet plant and dry mill is scheduled to
commence in August 1991. An alternative access road to replace Scott River Road
access to Brennan Bridge and East Augusta will be constructed. Upgrading of
the proposed transport route will be concluded. Construction will be complete
and commissioning will take place in March 1992, and mining and processing
operations will commence.

The dredge and wet plant will be erected on the proposed site for commencement
of operations (Figure 3.2). During the peak construction period, temporary single
persons quarters, recreational facilities and messing facilities will be provided
adjacent to the dry mill site. Accommodation for married personnel will be
provided via existing commercial caravan parks, and a caravan park at Alexandra
Bridge (Section 3.5.1).
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- By Description of mining operations

The proposed dredge operations involve the construction of a bucket wheel dredge
which will float in a pond averaging 44 metres in depth. The position of the
dredge will be controlled by spuds, movable anchors and winches (Figure 3.1). The
presence of the water table close to the surface, combined with the depth of
mineralisation, precludes a "dry mining" method using conventional earthmoving
equipment.

The positive cutting action of the bucketwheel will maximise the lump size of
discrete clay bands and minimise dispersion of the clay. The design of the wheel
and buckets will direct ore into the dredge pump suction at the bottom of the
dredge ladder. The pump will deliver the water/sand/clay mixture through a
floating delivery line to a floating concentrator (Figure 3.1).

The concentrator will be manoeuvred by the use of winches which will be attached
by steel ropes to movable anchors located on the bank.

On board the concentrator, the slurry will be screened through a trommel to
remove oversize material which will be returned to the dredge pond. Clay slimes
will be removed via planned overflows from the primary feed bin, and pumped
to the shore where it will be remixed with coarser tailings. Excess slimes will be
pumped to settling ponds. The heavy mineral concentrates will be separated from
the sand slurry by gravity separation using banks of spirals. The concentrate will
then be pumped ashore to a centrally located stockpile and dewatered by a
cyclone. Cyclone overflows will be returned to the dredge pond.

An area of 10 ha will be used for the construction of the dredge and concentrator
(Figure 3.2). The concentrator will be constructed as a floating unit requiring an
area of 2.5 ha to be excavated to a depth of 3 m below ground level. The dredge
will be constructed on a 2 ha area of dry ground situated beside the concentrator
site. Following construction both areas will be flooded to a level which will enable
the concentrator to float above the dredge construction pad.

Material excavated will be used to build levee walls around the excavated areas
to enable the water level to be increased following construction.

The water supply bores will be constructed adjacent to the mine path and their
output, together with the surface water from the 1991 rains, will be used to fill
an initial water supply dam. The dam will be formed by constructing a levee wall
across a drainage area lying to the south of the dredge start point (Figure 3.2).

At the commencement of operations, the dredge and concentrator will be floating
above the construction pad. As the dredge pond is excavated to full size, tailings
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from the operation will be pumped to the water storage dam. Water will be
pumped from the dam to the dredge pond to maintain the pond water level.

The water dam will be filled with tailings during the first four months of mining.
Beyond that time the dredge pond will have sufficient volume to allow the normal
continuous operation of placing tailings in the dredge pond to the rear of the
concentrator.

In those parts of the mining area where iron pan occurs at or near the surface,
it will be ripped by bulldozers in advance of the mining operation. Some of this
material may be used as road base construction material during the construction
phase; later during the operation’it will be returned to the dredge pond via the
tailings.

3.1.3 Dredge path and rate of mining

The mining path is shown in Figure 3.2. Mining will commence at the southern
end of the mining area and finish at the northern end. The width of the mining
path will be 250 m and the dimensions of the dredge pond at ground level will
be in the order of 390 m wide by 1,000 m long. The pond bottom will be up
to 50 m below ground level.

The dredge will be able to reach the bottom of the dredge pond without need to
lower the water table by pumping water out. The dredge and concentrator plant
will float at natural groundwater surface.

Mining will proceed at the rate of up to 3,000 tonnes per hour, equivalent to
69,000 tonnes per day based on a 23 hour day. The rate of advance of the
operation will be 3.5 m per day.

3.14 Handling of slimes

The slimes will be separated from the slurry where it enters the floating
concentrator plant and before the heavy minerals are separated, a portion of the
slimes will be remixed with the coarse tailings and a portion pumped to a
separate dam for settling. Thickeners will be used if necessary, to hasten the
settling of slimes. The supernatant liquid will be pumped off periodically. After
each settling dam has dried, portion of the slimes will be incorporated into the
topsoil to be used in pasture areas. The remainder will be incorporated into the
tailings using farm machinery or a grader.

LSy Operations in advance of mining

The land in front of the advancing mining operation will require preparation
before the mining operation reaches it. These steps are described as follows.
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3.1.5.1 Clearing of vegetation

Before clearing operations are carried out, any millable timber will be logged and
removed from the site by arrangement with local contractors. Large vegetation
remaining on the mining path will be cleared by bulldozer and burnt. Other
vegetation will be removed with the topsoil.

= 8 I e Removal and storage of topsoil

The soil from pasture rehabilitation areas and from native vegetation rehabilitation
areas will be treated separately.

The topsoil will be stripped in advance of the mining operation and stockpiled for
use in rehabilitation after mining. The depth of topsoil to be removed will be
determined by the soil type through which the operation is proceeding, but this
depth will generally be in the order of 20 cm.

In areas where native vegetation is to be re-established, the soil will be stripped
in two passes : the top 0-10 cm, which contains the seeds and other plant
propagules and the remainder -about 15 cm, but the exact depth will depend on
the soil type.

The topsoil will be stripped from the area and stored in temporary stockpiles
beside the mining path (Figure 3.1). The topsoil stockpiles will be constructed in
such a way as to minimise any adverse effects which the storage may have on the
soil. Soil will be stored in low stockpiles to keep heat build-up to a minimum
thereby keeping oxidation of organic matter and any adverse effects on soil micro-
organisms and seeds to a minimum.

3.1.6 Wet concentration of ore

The floating concentrator plant will be designed to receive the flow of slurry from
the dredge and, after removing the slimes, separate the heavy minerals from the
silica sand by gravity separation techniques. This is accomplished by pumping the
slurry to the tops of banks of spirals. As the slurry flows to the bottom under
the force of gravity, the lighter silica sand is separated from the heavier minerals.
No chemicals are used in the process.

The plant will be connected to shore by a floating pontoon system, which will
provide access and also carry flexible concentrate, water and tailings lines and a
power cable.
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3.1.7 Tailings placement and recontouring

The tailings bin at the rear of the wet concentrator plant will be fitted with pump
circuits capable of pumping tailings to the tailings boom stacker or to cyclone
stackers onshore. The tailings boom stacker at the rear of the plant will be
manoeuvered to hydraulically control the positioning of the tailings. The final
shaping of the tailings will be carried out by bulldozer.

Drainage lines will be re-established and the land will be recontoured in a form
similar to the pre-mining topography. Rehabilitation procedures are described in
Section 3.1.10

3.1.8 Ore concentrate stockpiling and haulage to the dry mill

The wet ore concentrate from the floating concentrator plant will be pumped
ashore to temporary stockpiles situated adjacent to the dredge pond. The
concentrate will be dewatered using hydrocyclones on a skid mounted stacker, and
excess water will be returned to the dredge pond. The stacker will be moved from
time to time as the mining plant advances.

The concentrate will be transported north to the dry mill by truck, using Scott
River Road as the transport route (Figure 1.2). Refer Section 3.2.1 for a discus-
sion of dry mill selection criteria. Scott River Road from the northern boundary
of the mining area to the dry mill will be sealed. Road access within the mining
area will be unsealed.

3.1.9 Rehabilitation of land after mining

Rehabilitation operations are regarded as an integral part of the mining operation
and as equally important as mining. Rehabilitation work will be carried out on
a day to day basis as the mining operation proceeds.

3.1.9.1 Final land use

In May, 1989 the Beenup final land use Work Party was set up with the
approval of the Hon Minister for Mines. A full report of the Work Party’s
activities and recommendations is given in Appendix XI.

Based on the recommendations of the Work Party and Consultative Group, the
proponent has drawn up the following integrated rehabilitation plan for the mining
area:

(a) 72% agriculture, including possible community purposes, eg. a commercial tree
crop.
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(b) 13% rehabilitation of the main remnants of native vegetation back to native
vegetation.

(© 11% planting of native plants along major water courses, to assist in
stabilising the soil and absorbing fertiliser nutrients leached from farming
activities.

(d) 4% planting of a buffer zone of native tree and understorey species along the
southern boundary, adjacent to the Scott National Park.

The proponent’s proposed implementation is illustrated in Figure 3.3, and a
comparison with the existing land use can be drawn from Figure 1.2. There is
some difference between the Work Party’s breakdown of final land use and the
above plan. This is due to the proponent wanting to return as much of the
remnant native vegetation to its original land use as possible. The proponent also
wishes to establish the best types of trees to grow as a commercial crop as well
as complete expetimental work as to the most suitable area to plant these trees
before committing a specific area to this final land use.

3193 Rehabilitation operations

A rehabilitation plan will be drawn up to the satisfaction of the EPA should
approval for the project to proceed be granted, and before the proposed operation
commences. This rehabilitation plan will form part of an overall mine management
plan. There will be an on-going programme of evaluating proven rehabilitation
techniques to test their suitability in the Beenup environment.

(a) Pasture areas

Before the topsoil is returned to the mined land, dried slimes will be incorporated
into the topsoil in a proportion deemed appropriate by the Department of
Agriculture. This incorporation of the fine material will enhance the moisture
retention and nutrient retention characteristics of the soil. The leaching of
phosphorus, for example, will be retarded.

Care will be taken to make sure that no unmixed slimes or subsoil are returned
to the surface. The tailings surface would have been previously prepared by
contouring and reforming drainage lines. The surface drainage pattern will be
maintained during topsoiling operations.

When the topsoil is spread, a grass/clover seeding mixture will be planted, together
with fertiliser at the appropriate rate. The final selection of pasture species and
fertiliser type and rate will be undertaken in consultation with the Department of
Agriculture.
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(b) Areas of native vegetation

Dieback has been identified on one part of the mining area (the south west
corner, refer Section 2.11.4). The proponent will carry out a dieback survey over
the whole mining area and dry mill and office site should approval be granted for
the proposed project to proceed, and before operations commence. This survey
will enable a dieback management plan (Section 4.9.3) to be prepared, which will
form part of an overall mine management plan,

(i) Along drainage lines. The major drainage channels will be reconstituted after

mining and a belt of native vegetation will be established along these channels.

Species of the Sedgelands and Low Open Woodlands of Paperbarks

(eg. Vegetation Codes 2.3, 2.4, 2.5, 3.1 and 4.2; Figure 2.6) will be established by:
E Returning topsoil which was stripped from such areas in advance of

mining.

Raising seedlings of the major tree and shrub species and planting
these out during the cooler, wetter months of the year.

Collecting seeds of a wide range of understorey species and sowing
them prior to the winter months.

The dominant tree species will include Melaleuca preissiana and Agonis juniperina.
Rehabilitation species will be drawn from members of the Myrtaceae, Cyperaceae
and Restionaceae families that grow in these communities.

(i) In two blocks on the western side of the mining area. These areas support the
largest remnants of native vegetation presently growing on the mining area (Figure
2.6). Native vegetation will be re-established in these areas. Techniques referred to
in 3.1.9.2 (b) (i) above, will be used to accomplish the establishment of native
vegetation.

A forest of Jarrah and Marri (with occasional Yarri and Banksia) is common in
these blocks, where these trees grow on the sandier soils (eg. Vegetation Codes
1.1, 1.2, 1.3, 1.4, 1.5 and 1.6). Species from which seed will be collected for
nursery production and direct planting will include the dominant tree species
Eucalyptus marginata, E. calophylla, E. patens and Agonis flexuosa. Understorey
species include members of the Papilionaceae and Mimosaceae families.

Topsoil will be removed from areas of native vegetation in two layers : 0-10 cm
and the remainder, the depth to be determined by the soil type. This technique
will ensure that seeds in the surface layer are not diluted throughout the whole
depth of topsoil.
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The topsoil removed from areas of native vegetation will be segregated from other
topsoil and returned to areas that carried native vegetation as soon as practicable.
Trials will be carried out to determine whether the incorporation of slimes into
soils for native vegetation areas will have a beneficial effect on the rehabilitation.

The final planning of topsoil movements will be carried out after a dieback survey
over the whole area is carried out (Section 4.9.3.2).

(c) Buffer of native tree species along the southern boundary of the mining area
and the Scott National Park. Most of the native vegetation has been cleared in
this area and pasture established. The topsoil is not likely, therefore, to have a
store of native plant seeds. It is proposed to raise seedlings of the major
forest/woodland species and plant them in this zone to provide a buffer between
the Park and agricultural lands. The area will be fenced from grazing stock and
colonisation by many of the plant species growing in the Park is likely to occur
over a period of time. Weed control will be carried out on a spot basis as
required. This area will also be used as an alternative temporary access to
Brennan Bridge.

(d) Commercial tree plantation. It is proposed to plant a 5 ha trial plot on the
mining site to evaluate several species of trees for growing in a plantation. The
trial will be evaluated over the ensuing years, to determine the viability of a larger
plantation.

(¢) Final pit. When mining operations are concluded the dredge pond will be
converted into a wetland area or open water recreation area. This final land use
decision will be made at that time after community consultation.

3.1.10 Consideration of alternatives

During the development of the final land use proposal a variety of alternatives
were considered. These alternatives are detailed below.

3.1.10.1  Dairy pasture

The potential for improving the pasture of the rehabilitated land to provide
pasture suitable for dairy production has been identified. Further studies will be
undertaken in conjunction with the Department of Agriculture. Any decision
regarding the potential for dairy production will not effect the proposed
composition of rehabilitation. Improved road access for milk tankers via the
proposed haulage route of mineral to Bunbury, will assist the viability of any such
proposal.
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3.1.10.2  Cork production

Preliminary investigations were conducted into establishing a commercial cork
plantation on the mined area. Although the climate was considered suitable, and
the product could be readily marketed to the local wine and craft industries, the
tree would not produce any cork for 25 to 30 years. On this basis no further
investigations were conducted.

3.1.10.3  Rehabilitation to native species

The potential to rehabilitate the total mined area to native species was not
considered appropriate for the following reasons:-

(a) The areas of cleared pasture are devoid of native species seed stock and
therefore deemed unlikely to be successfully rehabilitated to native vegetation.

(b) Within the Shire, 42,072 ha of a total 237,000 ha is used for pastoral
production. The rehabilitation of the land to native species would result in
a 2% loss of the Shires’ pastoral land and a corresponding decrease in
income.

(c) Any decrease in the Shires’ productive agricultural land, will place pressure
on other areas of uncleared freehold land to be developed for pasture.

3.2 PROCESSING OF MINERALS
3.2.1 Dry mill

The wet concentrate will be transported by truck from the temporary stockpile
adjacent to the dredge pond to the dry mill (Figure 3.2). The wet heavy mineral
concentrate will be upgraded using additional gravity techniques and then dried
in a rotary dryer before being separated into its constituent mineral products
ilmenite, rutile and zircon by electromagnetic and electrostatic techniques. Sand and
other waste products which are removed in the process will be returned to the
minesite for disposal.

The dry mill is located approximately 2 km north of the proposed mining area
on freehold land adjacent to Scott River Road. The site is slightly elevated,
providing protection from flooding during winter (Refer Figure 3.4).

The principal criteria for the selection of the dry mill and office site were:

° Near Scott River Road.
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On one of the low sand ridges.

Not on land to be mined.

o

Within the proponent’s mining lease applications.

A number of locations were examined but the site selected on Location 4151 is
the only one that meets all the above criteria. It also has the desirable features
of good drainage, topographic and vegetative protection from winds and isolation
from residences. It is also directly accessible to trucks heading north with the final
product.

The site supports a low woodland of Peppermint, Banksia and Jarrah. The area
is grazed by cattle and the native understorey has been replaced largely by
introduced species. No gazetted rare species were recorded on the site.

The administration office, workshop, laboratory, store and nursery will also be
located at the dry mill site. These facilities will be positioned adjacent to the
remnant low woodland, which will provide visual screening and afford some
protection from prevailing southerly winds. Additional vegetation will be planted
prior to construction to provide further visual screening. Approximately 1 ha of
remnant woodland will be cleared during construction. The additional 8-10 ha
required for the site will be on land that has previously been cleared and had
pasture established.

Transport of the product mineral and vehicle access, will be north along Scott
River Road to the Brockman Highway intersection (Refer Section 3.4). The mill
area will be encircled by a one-way ring road to provide unimpeded movement
of vehicles. The ring road and minor access roads within the site area will be
sealed.

i Atmospheric emissions and liquid effluent

The only atmospheric emissions from the dry mill will be exhaust gases from the
coal, oil or LPG generated dryer. Water vapour will be driven off during the
drying process. Dust will be collected to prevent its discharge to the atmosphere;
vented air will meet EPA emission standards.

The results of laboratory test work to date indicate that no chemical reagents will
be used in the dry mill. If the approval for the project is obtained further test
work will be conducted to verify current results. The additional test work will
examine the need to remove organic coatings from the surface of the individual
grains, and the separation of pyrite from the heavy minerals.
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If present, organic coatings are removed by scrubbing the mineral in an alkaline
solution of caustic soda, the majority of the solution is recirculated in a closed
circuit. Quantities of consumed solution are diluted with water and pumped to the
tailings pond where it becomes neutralised. Given the slightly acidic nature of
water in the area (pH 5.0 to 6.6), in the event of the mineral requiring scrubbing,
neutralisation of the solution will occur very rapidly. It is anticipated that
scrubbing of the mineral will not be required.

To separate grains of pyrite from the other heavy minerals, flotation of the pyrite
is required. Within the composition of heavy minerals pyrite occurs in very minor
quantities (less than 1%). The need for flotation of the pyrite is not anticipated,
but will be investigated further. If it is found necessary to remove pyrite, it will
be returned to the dredge pond.

33 INFRASTRUCTURE AND SERVICES
3.3.1 Water supply

Water will be provided to the dry mill and office from a nearby boreﬁeld The
borefield will be equipped with two bores, each capable of producing 400 m’/hour.
The process water pond (1 ha x 2 m deep) will have a nominal capacity of
20,000 m’ (equivalent to mill usage for one day). The reclaim pond is to be 1 ha
X

2 m deep, with a capacity of 20,000 m’, equivalent to one day’s reclaim
requirement (Figure 3.4).

The plant water requirement for the dry mill will be 900 m’hour and it is
estimated that this will be made up of 75% reclaimed water and 25% bore water,
to limit slimes build-up.

The bore water will be treated in a package water treatment plant to provide
potable water to the dry mill, office, wet plant and dredge.

33.2 Electricity

An electric power supply to the operation will be provided from the State
electrical grid by SECWA. This supply will be broken down to 22kV in an
electric sub-station at the dry mill.

SECWA have indicated that either an extension of the 132kV line east of the

project site or upgrading of the 66kV power line to Margaret River, and extension
of the line to the project site may be viable alternatives.

LEWIS ENVIRONMENTAL CONSULTANTS



46

A study by SECWA of both options will be conducted to determine the preferred
alternative. The Shire Council has indicated that they would like to relocate the
sub-station at Margaret River away from adjacent residential development. The
viability of relocating the sub-station will be included in the SECWA study. All
capital costs associated with provision of power to the project site will be met by
the proponent.

333 Communications

Telecommunication facilities at the dry mill/office area and at the mine site will
be provided by Telecom Australia. The use of micro-wave link or line service will
depend on Telecom advice.

3.34 Waste disposal

3.3.4.1 Dry mill

Slimes from the dry mill will be disposed of in a slimes dam 5 ha x 2 m deep,
(Figure 3.4) giving a capacity of 100,000 m’. Dry waste (sand etc.) will be
transported back to the mine site and incorporated in the tailings.

3.34.2 Sewage

A package sewage treatment plant will be installed at the dry mill and office area.
As the soils in the area are water-logged during the winter, the Shire pump-out
service will be used if necessary.

3.34.3 Garbage

Garbage and other rubbish will be disposed of regularly in an approved Shire
disposal site.

3.3.44 Other waste material

All waste steel, timber etc. will be disposed of at an approved Shire disposal site.
Workshop wastes such as oil and grease will also be disposed of in an approved
manner.

3.3.5 Fire prevention measures

Suitable fire-fighting equipment approved by the W.A. Fire Brigade Board will be
maintained on site.
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3.3.6 On-site facilities

The structure and facilities to be constructed at the dry mill and office area are
shown in Figure 3.4. Buildings will be erected at the mine site to provide
accommodation for site office, store, workshop and laboratory.

3.3.7 Local road systems

At present access to East Augusta is via Brockman Highway, Courtney road,
Payne road and finally Scott River road. Since it is proposed to mine part of
Scott River road in the first eight years, an alternative access will be provided to
East Augusta. This will involve consultation with the Shire but it is anticipated
that the route will use existing surveyed roads which run down the eastern side
of the Scott National Park surrounding the Blackwood River and then turn east
along Strucels road. The proponent will make land available to enable connection
to Strucels road and Brennans Bridge without any encroachment into the Park or
the mining operation. The anticipated route is Courtney road, Payne road, Scott
road, Strucels road, through Location 4259, then Scott River road (Figure 2.1).

34 TRANSPORTATION OF PRODUCT

Very early in the development phase, the proponent realised that approval of the
project would depend on the identification of a viable option for transportation
of the mineral product that was sensitive to potential environmental impacts. The
matter was also referred to the Community Consultative Group and a range of
options was considered.

In January 1989, the proponent engaged BHP Engineering to undertake a
feasibility study to identify alternative methods of transporting product from the
Beenup Project near Augusta direct to overseas markets, or to a dry separation
plant at Kwinana or Bunbury prior to export. This study assessed shipping,
barging, rail and road transport options to prepare order of magnitude estimates
for capital and operating costs. The work was essentially a desk study with
enquiries being made to relevant State Government, Local Government, Regional
groups and commercial operators.

34.1 Options considered

Transport options considered were sea, rail, railiroad and road (Figures 3.7 and
3.8).

34.1.1 Sea options

The sea options considered were:
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Direct export shipping of the mineral product by 25,000 tonne vessels
from Flinders Bay, south of the deposit.

Shipping of wet concentrate via 8-10,000 tonne vessels from Flinders
Bay to a dry mill at Kwinana for final upgrading.

Barging of wet concentrate on 2,000 tonne vessels to a dry mill at
Bunbury.

Transportation of the wet concentrate to Kwinana by pumping the
slurry offshore and loading onto 10,000 tonne vessels was also
examined.

Initially, the transportation of the wet concentrate from the mine site to the port
loading facilities in Flinders Bay was proposed to be by pipeline. However, further
investigations highlighted the risk of spillage in the National Park and later studies
assumed all four options would use road transport to Flinders Bay loading
facilities.

34.12  Rail option

The rail option considered, proposed a direct rail link from the Beenup project
to a storage facility at the inner harbour, Bunbury. One train comprising a
locomotive and 11 x 52.5 tonne bottom dump wagons would operate continuously.
The existing rail easement from Busselton via Margaret River and Karridale was
considered unsuitable by Westrail. The proposal therefore involved a totally new
alignment for this rail option.

34.13 Rail/Road options

In addition to the direct rail link, a series of rail/road combinations was also
considered. These options included:

. Trucking from the project to a rail head at Nannup and then cartage
of the material by rail to Bunbury.

Extending the existing Nannup to Bunbury rail line parallel to the
Brockman Highway to Stewart Road with truck cartage from the
Beenup project to the Brockman Highway/Stewart Road junction.

Haulage along Sues Road/Sabina Road to Wonnerup siding where the
mineral would be loaded onto rail transportation to Bunbury.
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34.14 Road options

Two road options were considered:

? Haulage of final product via truck from the Beenup project to the
Brockman Highway, from the Brockman Highway west to the Bussell
Highway, and north along the Bussell Highway via Margaret River and
Busselton to Bunbury.

Haulage of the product from the Beenup project east along the
Brockman Highway to Sues Road, then north from Sues Road to
intersect Sabina Road and east to the Vasse Highway. Access from the
Vasse Highway to the Bussell Highway would then be the subject of
an independent study by MRD, taking into account the requirements
of other major users within the region.

34.2 Detailed assessment in consultation

From the preliminary studies undertaken, the proponent outlined to the Beenup
Consultative Group three transport options which appeared to have similar cost
factors (a combination of capital and operating costs) worth further consideration.
The options provided to the Consultative Group for comment were:

34.2.1 Option 1

The transportation of the dry product from a separation plant at Beenup by road
to a temporary undercover storage area behind the foredunes in the vicinity of
Johnston Road. This product would then be loaded into a 25,000 tonne ship using
a conveyor belt along a 1.65 km jetty in Flinders Bay. Approximately 20 ships
per year would be needed to ship the product direct to world markets.

34.2.2 Option 2

The wet concentrate would be transported by road transport or pipeline from the
Beenup project to a ponding facility near the foreshore in the vicinity of Johnston
Road. The wet concentrate would then be pumped in a sea-floor pipeline from
the holding ponds to an offshore ship loading buoy. A specially designed
dedicated ship in the order of 10,000 tonnes would then be used to transport the
concentrate to Kwinana. Approximately 80 visits per year would be necessary to
transport the concentrate.

3423  Option 3

Road transport from the Beenup project to Bunbury via Sues Road, using a fleet
of approximately 14 trucks operating 24 hours per day, 5 days per week.
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Preferred option (Figure 3.6)

After due consideration of:

o

The Consultative Group’s comments.

Public opinion expressed to Company representatives and in the local
media.

A more detailed economic assessment undertaken by BHP Engineering
and other engineering consultants.

Reference to the DRD Transport Task Force Study.

Assessment of the Task Force Advisory Committee from the Shires of
Augusta, Margaret River, Capel, Busselton and Nannup.

The proponent decided to opt for road transport via Sues Road and Sabina Road
to Bunbury as its preferred option. The main considerations in selecting this road
option were environmental and economic:

o

The risk of damaging the sensitive coastal environment by installing
storage and access facilities for either of the sea options.

Local opposition to either sea option on environmental grounds.

The ability to develop a heavy haulage road route that for the
majority of its length would not go near major population centres or
tourist destinations.

The increased capital and operating costs required by the two tugs
needed for the jetty option.

The risks to the proponent if the dedicated ship required for the
pipeline option were to be damaged and become inoperable.
Concentrate could not be transported and the mine would have to shut
down.

The finalisation of this route will be in consultation with the Main Roads
Department, especially in the section between Vasse Highway and Capel.
Indications from MRD are that this section of road would be constructed by
them and the section from the mine site to Vasse Highway would be constructed
by MDL and other heavy haulage transport users.
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3.4.3.1 Detail of the preferred route

The preferred route is as follows:-

(4]

From the dry mill north along Scott River Road approximately 5 km
to the Brockman Highway intersection.

b East along the Brockman Highway for 12 km to Sues Road junction.
° North along Sues Road for a distance of 42 km to Sabina Road.
° North-east along Sabina Road to the Vasse Highway.

° The route between Sabina Road and the Capel to Bunbury Highway
will be the subject of a separate study by MRD. The proponent has
expressed the opinion that a preferred route will be needed to by-pass
the townships of Busselton, Capel and Ludlow.

¢ Existing highways and roads will be used between Capel and the Inner
Harbour at Bunbury.

Loaded trucks to Bunbury and empty trucks returning will use the same route.
The total length of the preferred route will be sealed. Maintenance facilities may
be at the site or in Bunbury, as deemed appropriate by the haulage contractor.

3432 Interaction with other road users

The preferred option avoids major tourist routes and farming areas. The current
condition of the existing roads discourages road users.

Use of Scott River Road north of the dry mill site is limited mainly to
landowners along that section of the road. The majority of landowners in the
area, and East Augusta residents use Courtney and Payne Roads to the east of
Scott River Road as their preferred access. The proponent will maintain access to
their properties for local landowners.

The intersection of Scott River Road and Brockman Highway is currently
inadequate as visibility is poor and there are three houses within 250 m of the
intersection. This intersection will be modified in consultation with the Shire and
the landowners most affected.

Brockman Highway from the Scott River Road turnoff to Sues Road has 4
houses within 100 metres of the road. All driveways are clearly visible to passing
drivers. The houses are at the western end of the highway, on the edge of a
farming district. Most of the route is through State Forest to Sues Road. There
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are no school buses operating on this part of the highway. Average daily traffic
counts are estimated to be 200.

Sues Road to Sabina Road runs through State Forest only. There are no houses
and no school buses use this road. The daily traffic count is estimated to be 20.
There is some public use of this road to gain access to Sues Bridge camping area
on the Blackwood River.

Sabina Road to the Vasse Highway is currently a well-formed road as far as
Kemp Road and then diminishes to a bush track once it crosses Sabina River.
The road is entirely through State Forest and is used mostly by CALM and WA
Water Authority personnel.

The proponent has initiated a study into the likely changes that the preferred
route will have on existing traffic patterns. The results of this study will not be
available until later this year.

34.4 Bunbury port facilities

Consultation has commenced with the Bunbury Port Authority regarding facilities
for the storage and ship loading of the product from the Inner Harbour.
Undercover, warehouse type storage for 150,000 tonnes of product will be
required. It is proposed that this will be at the proposed mineral sands loading
berth (Berth C) in the inner harbour. Since the dredging of this berth is unlikely
to be completed before the shipping commences, it is proposed that the product
be trucked from the Berth C storage area to either Berth 2 at the inner harbour,
or to the outer harbour during the interim. Discussions are currently underway
with the Bunbury Port Authority and various trucking companies to determine the
most desirable short and long term solutions to the Company’s needs.

It is proposed that the storage and loading facilities be provided by the trucking
company. Several undertakings will be required by the proponent.

(1) All storage is undercover in warehouse type construction.

(2) All ship loading facilities are covered to prevent dust and noise nuisance.

(3) Port loading facilities with a loading capacity of 1,500 tonnes per hour to
enable rapid turnaround of ships.

3.3 WORKFORCE

The ﬁroject consists of two phases - a construction phase and an operational
phase. The characteristics of each are outlined below.
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3.5.1 Construction phase

The construction phase of the project is expected to take approximately 18 months
and will involve a peak construction workforce of some 200 persons. Construction
is planned to commence in October 1990, and be completed by March 1992. The
expected buildup on a bi-monthly basis is shown in Table 3.1:

TABLE 3.1

Bi-monthly Period Workforce

25
60
120
180
200
200
150
50

WO Wn bW —

The skill distribution of this workforce, which will be made up of approximately
5% company personnel and 95% contractors and their staff, is given in Table 3.2
TABLE 3.2

Construction Workforce Skill Profile -
Beenup Project

Skill Group %
Staff 11
Mechanical Trades 33
Electrical Trades 10
Materials Handling 12
Painters 4
Labourers 18
Administrative/Clerical 12
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Construction firms will be encouraged by the proponent to employ locally where
possible.

Construction work will be carried out only during daylight hours.

It is proposed to house all the single construction workforce at the project site
in a construction camp complex. This temporary camp, with single quarters,
messing and recreational facilities, will Le located at the dry mill and office site,
on the area that will later be the parking area. Native trees and shrubs indigenous
to the area will be planted during 1990, to screen the camp from the road, once
approval for the project to proceed is granted.

Married construction personnel accommodation will be provided via existing
commercial caravan parks and, subject to agreement with the Shire Council,
construction of a Company caravan park approximately 8 km north-west of the
project site at Alexandra Bridge. The site was identified by the Shire as having
potential to operate as a commercial venture, providing additional tourist
accommodation after completion of construction. The site has power and telephone
connected and the W.A. Water Authority will be consulted before installing a
bore to supply water. Management of the facility would then become the
responsibility of the Shire after the completion of the construction phase.

Heded Operational phase
3.5.2.1 Mine and plant

The operational phase of the project is scheduled to commence early in 1992
following plant commissioning. The operational workforce is expected to number
115 persons of whom 96% will be company employees and 4% contract personnel.
This workforce will be utilised on a 3 x 8 hr shifts per day basis, seven days a
week. Table 3.3 gives the expected skills profile of the permanent workforce.

It is expected that all workers will be employed under the appropriate industrial
Award.

It is understood that the WA Mines Department Acts and Regulations will apply
to the site, and that the occupational health and safety measures adopted under
the ambit of this legislation will be employed. The mine will employ an
occupational health and safety coordinator, and accredited first aid workers will
be present on all shifts. A fire tender will be available on site. An environmental
officer will be a member of the professional staff.

The proponent’s recruitment programme and training policy will be to recruit and
train workers locally where possible. If appropriate local persons are not
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forthcoming at the time of recruitment, workforce personnel may need to be
recruited externally. This latter state of affairs, however, is most unlikely given the
Company recruitment experience in other rural areas containing good farming
skills. The Company is an equal opportunity employer.

TABLE 3.3

Operational Workforce Skill Profile -
Beenup Project

=

Skill Group

[S—

Management

Technical

Administration

Mechanical Trades
Electrical Trades

Plant Operators

Trades Assistants
Apprentices
Labourers/General Hands &
Drivers

(¥% ]
A OWROOAN

(o]
—

As the proposed mine is not located in a remote isolated area, and as a large
measure of local recruitment is expected, it is the Company’s intention to not
provide housing for its employees.

Given the broad geographical base from which the Company anticipates employees
will be drawn, it is intended that employees be responsible for their transport to
and from work using whatever means they choose. It is envisaged that most work
trips will be made by private car, and that a degree of car pooling will take
place.

3.6 PROJECT REVENUES AND EXPENDITURES

Project construction is expected to involve expenditure in excess of $100 million
over an 18 month period, commencing in October 1990. Operating costs are
expected to involve the expenditure of $20 million annually. During both project
phases the following distributions of expenditure is anticipated.
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TABLE 34

Expenditure Distribution
Beenup Project

%
Location Construction Operational
Phase Phase
Overseas 9 Nil
Australia 91 100
Western Australia 48 80
South West Region 38 13
AMR Shire 26 36

The project’s production will be exported overseas in its entirety. Revenues are
anticipated to average $50 million per annum based on current prices and
exchange rates.

3.7 DECOMMISSIONING

When the mining and milling operations are completed, all structures will be
dismantled and removed and the sites revegetated. Improvements such as bores
and fences will remain in place.

Rehabilitation operations will be completed and managed to the stage where each
area and land use will be self-sufficient. Areas of native vegetation rehabilitation
will be self-sustaining and pasture areas will be productive provided the usual
pasture management methods such as regular fertilising and grazing controls are
practiced.
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4.0 ANALYSIS AND MANAGEMENT OF THE POTENTIAL
IMPACTS ON THE ENVIRONMENT

4.1 HYDROLOGY

4.1.1 Mining

4.1.1.1 Groundwater
(a) Impact assessment

The dredge and wet plant will float on the dredge pond at groundwater level.
During the early years the behaviour of the aquifer will be compared with
computer model predictions. The model of the aquifer indicates that seasonal
variations of the pond level will occur, with a net increase in the pond level of
0.52 m in winter and a net decline during summer of 1.32 m.

During the period May to August sufficient rains will be received to maintain
pond water levels at a zero impact level. From September onward, the deficit in
the water balance will induce a small steady decline in the water table level,
creating an impact of just less than 0.3 m per month at the pond perimeter. The
worst case would be at the end of summer, when the water table drawdown
would be at its maximum. Figure IV-13 in Appendix IV shows the position of the
0.1 m drawdown contour, with no makeup water pumped into the pond, at the
end of summer.

(b) Management measures

The method of mining will be designed to accommodate the rise in the pond level
during the winter months and avoid the need to discharge water from the pond.
During summer, if required, makeup water will be supplied to the dredge pond
from several bores in the Lesueur Formation at a depth of 150 to 200 m to
ensure that there will be no drawdown of the regional water table.

Pumping the makeup water from the deep Lesueur Formation will ensure that no
drawdown occurs to the regional water table upon which pastures and farm dams
depend. There will be no impact on the water levels in the shallow aquifer, as
intercalated clays and silts located above the pumping zone in the Lesueur
Formation will effectively confine depressurisation to these lower horizons.
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41.1.2 Surface water

(a) Impact assessment

The mining area is dissected by three shallow drainages which rise in the north-
east and discharge to the south and south-west into the Scott and Blackwood
Rivers. As the water table rises during the winter, runoff is generally initiated.

Dredging operations will move across the various drainages in the normal course
of operations.

(b) Management measures

Existing surface drainage channels will be diverted around the dredge pond. These
channels will be established at least 12 months prior to requirement, to enable
vegetation to regenerate and stabilise. Silt traps will be constructed on major
drainage channels, downstream of the mining operations.

Where practical, water from the slimes dam will be decanted and returned to the
dredge pond. Providing turbidity is acceptable, excess decant water from the slimes
dam will be discharged into existing drainage channels. Turbid water will not be
allowed to enter the Park.

Monitoring the water quality of the Blackwood and Scott Rivers will continue on
a regular basis. In addition major drainage channels will be monitored to ensure
that turbid water is not discharged to the Scott or Blackwood Rivers.

412 Mineral separation
4.1.2.1 Impact assessment

The dry mill site will obtain its water supply from two (2) bores in the Lesueur
Formation at a depth of 150 to 200 m and there will be no impact on the
regional water table. Water from the bores will be held in a process water dam.

Process water from the dry mill will be pumped to an adjacent settling dam.
Decant water from this dam will be transferred to a reclaim water dam for reuse
in the dry mill.

4.1.2.2 Management measures

A balanced use of water will be maintained by the operation of the water bores,
and unless unforeseen circumstances occur, there will be no need to discharge
excess water. This is because much of the process water will be re-cycled in the
plant. As a precaution a silt trap will be constructed downstream of the dams.



59
4.2 REHABILITATION

4.2.1 Impact assessment

The proposed mining operations will have a temporary, but major, disrupting
effect on the pasture lands and remnants of native vegetation of the Beenup
project area. This initial impact will be modified once the rehabilitation programme
commences and the post-mining land use plan is implemented (Section 3.1.9). The
incorporation of some of the slimes into the topsoil on pasture areas will result
in improved pasture growth by imparting a higher water holding capacity and a
higher nutrient retention capacity to the soil.

Many of the techniques involved in growing native vegetation communities,
pastures and native trees have been developed by the proponent during many
years of experience of mining and rehabilitation in coastal areas. The careful
implementation of these techniques at Beenup, assisted by the results of research
into the particular requirements at Beenup, will ensure that, as each section of
land is mined and rehabilitated, a useful natural resource will be left.

422 Management measures

Rehabilitation is regarded as an integral part of the mining operation and
rehabilitation procedures will be fully integrated with mine production procedures.
The following commitments are made by the proponent:

1) The final land use prograinme outlined in Section 3.1.9.1 will be implemented.
2) The landforms on mined areas will be compatible with surrounding lands.

3) The drainage system on mined areas will be integrated with regional drainage.

4) All topsoil will be removed before mining, conserved during mining and
returned to mined areas after mining.

5) Productive pastures will be established on mined areas in the proportions
indicated (Figure 3.3).

6) Native vegetation will be established on mined areas in the proportions
indicated (Figure 3.3).

7) The requirements for raising native plant at Beenup will be investigated.

8) All rehabilitation areas will be monitored regularly to assess progress and
additional plantings will be carried out as required.
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4.3 TRANSPORTATION OF MINERAL PRODUCT

4.3.1 Impact assessment

The preferred product transport method is by road to Bunbury for shipment
overseas. The proposed transport route from the project area is to use Scott River
Road, the Brockman Highway, Sues Road and Sabina Road to its intersection
with the Vasse Highway (Figure 3.6).

The section of the proposed haulage route between the mine area and the end of
Sabina Road generally passes through sparsely inhabited rural lands and State
Forest and involves minimal impacts. Between Sabina Road and the Bussell
Highway/Capel is a more closely-settled dairy farming area. A detailed examination
of the social impacts associated with the route is presented in Appendix X
(Section 5.4).

Between Capel and Bunbury Inner Harbour the existing highway and roads will
be used. The transport of minerals from Beenup will add a minor component to
traffic volumes on this section.

43.1.1  Social impact

The major potential social impacts that have been identified are the possible
disturbance by day-to-day residential, farming and business activities; an increase
in traffic encountered by other road users; and the effects of dust, noise and
vibration generated by passing heavy haulage vehicles.

The social impact along Sues and Sabina Roads is considered minor given the low
traffic counts and lack of residences. The picnic and camping area at Sues Bridge
is the only tourist attraction on this section. On Scott River Road the main
impact will be on employees coming to and from work, and visitors to the
minesite. However this road will be widened, sealed and sign-posted.

The preferred route between the Vasse Highway and Capel will be the subject of
a separate study by the MRD. The proponent has expressed the opinion that a
preferred route will need to bypass Busselton, Ludlow and Capel.

4.3.1.2 Economic impact

The use of road transport will provide additional employment opportunities for
the region. Approximately 40 direct employees will be required to administer,
operate and maintain the truck fleet. The local economy will also benefit during
the construction phase.
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43.1.3 Land use impact

The upgrading of the roads will have an impact on current land use. Sues and
Sabina Roads are forestry roads controlled by CALM. A gazetted road easement
will have to be established for these roads and some clearing of timber will be
required. The most appropriate alignment will be determined in conjunction with
CALM,MRD and EPA.

During construction of the road suitable gravel supplies will be required.
Discussions with the relevant authorities will be undertaken to determine the most
appropriate source. If necessary mining leases will be applied for and a Notice of
Intent prepared.

43.14 Noise mmpact

Two houses between Beenup and Sues Road may receive noise levels above
acceptable levels as a result of the road transport. These houses are near the
intersection of Scott River Road and Brockman Highway (refer to Section 4.8 for
details).

4.3.2 Management measures
4.3.2.1 Upgrading of roads

The total length of the preferred route will be sealed. All roads will be
constructed to MRD or Shire standards as appropriate.

At the intersections where Scott River Road and Sues Road meet the Brockman
Highway, the highway will be widened to incorporate a deceleration lane. The
intersection of Sabina Road with the Vasse Highway will include an acceleration
lane. All intersections will be positioned to provide clear visibility for a distance
of 400 m in both directions.

"Stop" signs will be installed at the three intersections. Signs will be placed along
the route to indicate the presence of heavy haulage vehicles. Speed restriction will
be imposed in populated areas.

Sound levels at the two houses near the intersection of Scott River Road and
Brockman Highway will be recorded under actual operating conditions and
appropriate measures will be taken if necessary to reduce the sound levels to
acceptable levels.

The provision of a sealed all weather road, suitable for heavy haulage, between

Capel and the project site, will alter existing traffic patterns. It is anticipated that
heavy haulage traffic along the Bussell Highway between Capel and Margaret
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River will be reduced. To quantify these changes, the proponent is currently
undertaking a traffic study. The study should be completed by April, 1990.

43.2.2 Operation of trucks

The proposed hours of operation are 24 hours per day in three shifts, five days
per week. No haulage of mineral product is proposed during Saturday and
Sunday. As a condition of the haulage contract, the contractor will be required
to maintain the vehicles in a safe operating condition. The mineral will be securely
covered by a tarpaulin to prevent spillage en-route.

4.3.2.3 Management of dieback

The widening and re-alignment of some sections of the transport route, and the
extraction of gravel for road construction, have the potential to spread dieback.
A dieback management programme for these operations will be developed by the
proponent to the satisfaction of CALM and EPA.

The proponent will carry out the following studies.

(a) Description and appraisal of the vegetation and flora along the entire Sues
Road-Sabina Road route. The condition of the vegetation will be assessed,
with particular emphasis on the occurrence of dieback. A more detailed study
will be carried out in the proposed Whicher Reserve section, where a number
of possible route alternatives (Figure 4.3) will be studied to ensure minimum
impact, both with respect to dieback control and flora.

(b) Description of the terrain, drainage and soils with particular emphasis on
' regional drainage and how the proposed upgrading may affect this drainage.

(¢) Description of the fauna and faunal habitats of areas that would be disturbed
by the proposed upgrading.

(d) Survey the areas that would be disturbed by the proposed upgrading for
cultural and archaeological sites.

The proponent will endeavour to obtain gravel from private sources, including an
investigation of the iron pan contained within the proposed mining area. If there
is any shortfall in requirements, the proponent will make a formal approach to
CALM for its requirements. The spread of dieback will be prevented by using
only uninfected sources of gravel in areas currently free of dieback.
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4.4 LANDFORMS AND VISUAL AMENITY

44.1 Impact assessment

After mining, a generally subdued topography similar to pre-mining will be
returned, as the small volume of the heavy minerals removed will be imperceptible.
The dry mill and office will be visible to people using Scott River Road to reach
East Augusta. The mining operation will also be visible to these people, especially
when it is near a road.

The Beenup project area is not visible from Augusta or from any main road. Any
adverse effect on the visual amenity is judged to be very low.

44.2 Management measures

The dry mill and office will be screened from the road by plantings of native
trees and shrubs indigenous to the area.

Previous experience indicates that the mining and milling operations will be of
interest to many visitors to the area and the proponent plans to conduct tours of
the operations to satisfy that demand.

4.5 AUDIT OF GREENHOUSE GASES GENERATED BY THE
PROJECT
45.1 Electrical power consumption

The anticipated electrical power requirement for the project is 8.9 Megawatts
(MW). This represents 0.3% of the power generated by the State Government. The
major area of consumption will be the mining plant, anticipated to be 6.7MW.

Power will be provided via SECWA who utilise coal to generate electrical energy.
The quantity of coal required to generate the project’s power requirements is
40,000 tonnes per annum,

The size of the Beenup project enables efficiencies of scale to be achieved. Refer
Figure 4.4.

4.5.2 Pumping
The single major area of consumption of electrical power is pumping. Pumping

can be divided into two sections, transportation of ore slurries around the wet
plant and control of the water table for the dredging operation.
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The wet plant will be constructed to minimise the cost (and hence power
requirements) of pumping ore slurries.

The dredge for the Beenup project will have deep digging capabilities to enable

operations to take place with minimal need to pump down the existing water
table.

4.5.3 Fuel consumption

The major consumption of fuel will be the diesel powered trucks that transport
the mineral product to Bunbury. Initial discussion with potential haulage
contractors has indicated that on-board computers are available to monitor truck
performance. This will enable the fuel efficiency of the truck fleet to be
maximised, and emission of greenhouse gases to be minimised.



65
4.5.4 Chlorofluorohydrocarbons (CFC’s)

CFC emissions are responsible for 15% of the warming potential attributable to
gaseous emissions in Western Australia. As part of company purchasing policy,
only pressure packs not containing CFC’s will be purchased. The company will
investigate the availability of halon free fire extinguishers, and where practical,
utilise suitable alternatives. Gases extracted from air conditioning units during
maintenance or repair, will be recovered in suitable receptacles for recycling.

45.5 Land clearing and rehabilitation

Areas will be rehabilitated progressively after mining. Clearing of land in advance
of mining will be minimised.

Millable timber will be logged and removed from the site by arrangement with
local contractors. Shrubs and grasses will be removed with the topsoil.

It is currently planned to burn timber not suitable for milling, however alternative
uses will be investigated.

4.5.6 Mill dryers

The minerals must be dried for final processing and shipping. The tonnage to be
dried will be held to the minimum necessary and only water will be driven off
during the drying process; dust will be collected before discharge to the
atmosphere. Coal or oil will be used for this purpose, as electrical heating is
grossly inefficient.

4.5.7 Administration office and facilities

The walls and roof of the office, laboratory and amenities block will be thermally
insulated to minimise heating and cooling requirements. Windows will be double
glazed for thermal insulation. These measures combined with the temperate climate
should result in minimal energy requirements.

4.6 RADIATION LEVELS

4.6.1 Impact assessment

Radiation levels on the mining area, the dry mill and office site and other areas
in the district were measured by recording the absorbed dose rate 1 m above the
ground (Section 2.8). The survey revealed that radiation levels are low on the

mining area and dry mill and office site and similar to background levels in other
parts of the district. Radiation does not therefore present a hazard at Beenup.
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4.6.2 Management measures

None required.

4.7 AIR QUALITY

4.7.1 Impact assessment

The main potential atmospheric pollutant at the mine and dry mill will be dust.
The various potential generators of dust and environmental management measures
which will be implemented are discussed below.

The project site experiences high wind conditions at times (Refer Section 2.4 and
Appendix II). The potential therefore exists for dust to be generated at certain
times from the following areas during the course of the mining operation:
Land cleared of vegetation in advance of mining.

Land stripped of topsoil in advance of mining,

Topsoil stockpiles.

Tailings - after shaping.

Dried slimes.

Topsoil - after spreading on tailings.

Concentrate heaps at the minesite.

Concentrate stockpiles at the dry mill.

° Unsurfaced haul roads.

472 Management measures
4.7.2.1 Land cleared of vegetation in advance of mining

Only the remnants of native vegetation will be cleared in advance of mining, and
in those remnants, only the larger plants (trees and large shrubs) will be pushed
by bulldozer and burnt. All smaller vegetation will be stripped with the topsoil.
This practice will ensure that a maximum number of plant propagules (roots,
seeds, etc.) are incorporated into the topsoil.
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Pasture areas will not be stripped of their vegetation before mining. The pasture
will be stripped with the topsoil.

These practices will help to keep the generation of dust from these areas to a
minimum. However if a dust problem occurs due to very windy conditions, these
areas will be protected with temporary mesh fences.

4.7.2.2 Land stripped of topsoil in advance of mining

This operation will be carried out at regular intervals as the operation proceeds
and the area of land left bare in preparation for mining will be kept to a
minimum in keeping with good mining practice. If a dust problem occurs, control
measures described in Section 4.7.2.1 will be implemented.

4723 Topsoil stockpiles

Topsoil will be stored for a minimum period of time before returning it to mined
and shaped tailings. The transport of the topsoil, spreading on the shaped tailings
and planting operations will be carried out each year during the period most
suitable for planting pasture species and cover crops, which is usually autumn and
early winter (Section 3.1.9). A temporary vegetative cover will be planted on the
longer-term stockpiles.

4.7.24 Tailings

Tailings will be shaped by bulldozer and spread with topsoil during the period of
the year most suitable for planting pastures and cover crops. During other times
of the year the shaped tailings will be protected from winds if necessary by
temporary mesh fences.

4.7.2.5 Dried slimes

Slimes will be directed to settling ponds (Figure 3.1) for disposal after they have
dried. Portion of the slimes will be incorporated into topsoil destined for pasture
areas (Section 3.1.9) and the remainder will be incorporated into the tailings near
the surface. Care will be taken to ensure that surface drainage is not impeded by
unmixed slimes being left near the surface.

4.7.2.6 Topsoil - after spreading on tailings
Pasture species or a cover crop, as appropriate (Section 3.1.9) will be planted as

soon as the topsoil is spread, thereby minimising the possibility of the soil surface
drying out and generating dust. Temporary mesh fences will be used if necessary.
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4.7.2.7 Concentrate heaps
(a) At the mine

Concentrate will be trucked regularly to the dry mill, thereby minimising the
possibility of the concentrate drying out and generating dust.

(b) At the dry mill

A watering system will be installed at the concentrate stockpiles at the dry mill
if dust generation proves to be a problem once operations commence.

472.8 Unsurfaced haul roads

Unsurfaced roads may generate dust within the mining area. These haul roads will
be watered as required during dry windy weather. Equipment will be maintained
on site by the proponent for this purpose. Water from bores will be used for this
purpose in preference to using surface water, to avoid the risk of spreading
dieback.

4.7.3 Other atmospheric pollutants

Dust will be the only particulate potential pollutant. Because only gravity,
electromagnetic and electrostatic methods are used in the mining and separation
of the heavy minerals, the only gaseous emissions will be from diesel trucks and
other equipment and mill dryers.

The mill dryer will use coal, oil or LPG as fuel. Only water will be driven off

during the drying process; dust will be collected before it can discharge to the
atmosphere.

4.8 SOUND LEVELS
4.8.1 Calculations of sound levels (SL’s) and criteria

Sound level measurements were taken at the Capel dry mill of Westralian Sands
Ltd. and at the Cataby dredging operations of the Cooljarloo Joint Venture to
provide data on which to base calculations of the potential impact of noise
emanating from proposed mining and milling operations on surrounding residences
at Beenup. This work is reported in full in Appendix VI. The sound levels
calculated to reach the Beenup residences were compared with the -criteria
contained in the Regulations® of the Environmental Protection Act, 1986, as given
in Table 4.1.

Noise Abatement (Neighbourhood Annoyance) Regulations, 1979
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TABLE 4.1

Sound levels at Beenup residences

Time Neighbourhood Neighbourhood
Category A-1 Category A-2
(a) Monday to Friday, 7am to 7pm: 40 dB(A) 45 dB(A)

(b) Monday to Friday 7pm to 10pm,

weekends and public holidays,

7am to 10pm: 35 dB(A) 40 dB(A)
(¢) Always, 10pm to 7 am: 30 dB(A) 35 dB(A)

A-1 Current category
A-2 Likely category once project approval is given.

4.8.2 Impact assessment
48.2.1 Predicted sound levels at Beenup residences
(a) Sound levels from mining and milling operations

(i) Monday to Friday, 7.00 am to 7.00 pm

All calculated SL’s at the residences are less than the current acceptable
outdoor SL of 40 dB(A) and there will be no impact.

(i) Monday to Friday, 7.00 pm to 10.00 pm and weekends and public
holidays, 7.00 am to 10.00 pm

Most of the calculated SL’s reaching the residences are between 35 and
39 dB(A). The current acceptable outdoor SL for this period is 35
dB(A). According to regulations, a 5 dB(A) excess is acceptable. There
will therefore be no impact.

(i) Always 10.00 pm to 7.00 am.
During this period, only the dredge and the dry mill will normally be
operating fulltime. However breakdowns and dredge anchor moves

during the night will occasionally necessitate the use of bulldozers on
the mining area during the hours of 10.00 pm and 7.00 am and
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concentrate will be transported from the mine to the mill periodically
at night.

Most of the calculated SL’s from the mining and milling operations
are between 26 dB(A) and 30 dB(A). The current acceptable outdoor
SL for this period is 30 dB(A). There is one case where the SL is 35
dB(A) and according to regulations, an excess of 5 dB(A) is acceptable.
There will therefore be no impact from mining and milling operations
during this period.

The occasional use of bulldozers at the mine and the periodical use of trucks
between the mine and the mill during these hours may be expected to increase the
SL’s at the residences. Measurements will be taken under operating conditions to
assess whether the actual SL’s will exceed neighbourhood category A-2 SL of 35
dB(A) during these hours, plus a 5 dB(A) excess.

(b) Sound levels from road transport

The route to be taken by road transport vehicles travelling between Beenup and
Sues Road will affect two residences (refer Appendix VI). These are near the
intersection of Brockman Highway and Scott River Road. The SL’s calculated for
both of these residences is 49 dB(A). The Regulations permit the deduction of 12
dB(A) for intermittent noise and require an increase of 5 dB(A) for special
characteristics, so the net SL at each house would still be 42 dB(A) which is
above the expected acceptable level of 35 dB(A) during the hours of 10 pm to
7 am (Table 4.1).

48.3 Management measures

The calculations of the expected SL at the residences is based on noise emanating
from road trains used at the Cooljarloo operation at Cataby. The noise levels of
the actual trucks to be used at Beenup for haulage of the mineral product will
be investigated prior to reconstruction of the Scott River Road. The appropriate
management measures, which may include the re-alignment of the road intersection,
and a noise barrier, will then be implemented if necessary.
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4.9 VEGETATION AND FLORA
49.1 Vegetation
49.1.1 Vegetation communities on the mining area and dry mill/office site

The major vegetation communities occurring on these areas were found to occur
in adjoining conservation areas and/or in the eastern half of Location 4264, as
follows:

s Woodlands (Vegetation Codes 1.1, 1.2, 1.3, 1.4, 1.5, 1.6). 103 ha of
these communities will be removed by mining. All of these
communities, which occur on the western side of the mining area, are
well represented in nearby areas of Scott National Park and State
Forest.

? Low woodlands on sandier soils (Vegetation Codes 2.1, 2.2). 53 ha of
these communities will be removed by mining. These support species
which overlap with adjoining communities on sandier soils in the
Reserves, Scott National Park and State Forest. An area of 3.5 ha of
these communities also occurs on the eastern half of Location 4264.

A series of low woodlands of Paperbark on the wetter soils (Vegetation
Codes 2.3, 2.4, 2.5). An area of 23 ha of these communities will be
removed by mining. They are all represented in the wetter depressions
and drainage lines of the Scott National Park. An area of 7 ha also
occurs on the eastern half of Location 4264.

= The heaths of Banksia occidentalis (Vegetation Code 3.1). A small (1.4
ha) area of this community occurs in the north-west corner of the
Beenup survey area. It is reported to be possibly under threat in other
parts of the Scott River plain from the spread of dieback and too
frequent fires.

Sedgeland and heaths on the wetter depressions. These are represented
in nearby area of the Scott National Park. The most significant
community from the conservation aspect is the low sedgelands
community (Vegetation Code 4.3) which occurs in several parts of the
Beenup survey area, including the eastern half of Location 4264, and
on the Camping Reserve. 24.4 ha of this community will be removed
by mining, but 77.6 ha will be remain in the eastern half of Location
4264,
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49.12 Impact assessment

There are approximately 312 ha of remnant vegetation on the mining area. The
woodlands occur extensively outside the mining area and are not under threat. The
small area of Banksia occidentalis heath on the mining area is degraded through
cattle using the low sandy ridges on which the heath grows as winter camps. The
remaining communities of conservation value occur on the eastern half of Location
4264, which will be excluded from mining.

49.1.3 Management measures

The vegetation survey has revealed the conservation value of the vegetation
remnants on the eastern half of Location 4264, 170 ha in extent. Mining is not
planned on this land. It will not be affected by mining, as drawdown of the water
table will be prevented by pumping makeup water into the dredge pond as
required during the summer months.

49.2 Flora

A number of Gazetted Rare Plants, species on the Reserve Flora Priority List and
species of interest were recorded on the Beenup survey area.

49.2.1 Species from the Gazetted Rare Flora List

Two Gazetted Rare Plant species were recorded: Darwimia sp. and Lambertia
orbifolia. These two plants occurred in the eastern half of Location 4264, outside
the proposed mining area, and the road verges on Governor Broome Road (Figure
2.6). This finding increases the conservation status of the eastern half of Location
4264.

4922 Species from the Reserve Flora Priority List

Nine of these ten Reserve Flora species occurred in the eastern half of Location
4264 and therefore outside the proposed mining area. The remaining species,
Hypocalymma aff. cordifolium (A.S. George 1177 3) occurred west of Scott River
Road on the Beenup survey area and is on the proposed mining area. Apart from
the Scott River area, this species is also known from the Northcliffe area.

4923 Species of interest

Of the three species of interest, the new Boronia species occurred in the eastern
half of Location 4264 and the other two occurred mainly in the western and
north-western parts of the Beenup survey area. The second species of interest,
Hovea stricta has also been recorded on the northern sandplains and from the



73

Busselton/Cape Naturaliste area; the third species of interest, Verticordia lehmanii
also occurs in the Busselton/Scott River area.

The new genus (Genus nov., aff. Loxocarya sp.) occurred in the wetland
depressions and drainage lines of the western part of the Beenup survey area.
Information on the distribution of the new genus must await more extensive
botanical surveys in other parts of the region.

4924 Impact assessment

Most of the species referred to above occur in the eastern half of Location 4264,
as follows, which will be excluded from mining;

? Both Gazetted Rare Plants.
Nine of the ten Reserve Flora species.
¢ One of the three Species of Interest.

The remaining species identified occur elsewhere. The extent of distribution of the
new genus in other parts of the South west will require detailed botanical surveys
similar to that carried out at Beenup.

49.2.5 Management measures

The above findings highlight the importance of the eastern half of Location 4264
in providing habitats for many of the plant species that require protection. The
area is outside the proposed mining area. The proponent is holding discussions
with CALM to develop appropriate management measures.

49.3 Dieback
4.9.3.1 Impact assessment

The presence of dieback (Phytophthora cinnamomi) has been identified on and off
the mining area, where dead and dying plants were collected during the botanical
survey. The dieback organism was identified on these specimens by officers from
CALM. A detailed survey over the whole area was not carried out. The areas
where dieback was identified are:

The south west corner of the mining area.

The north east half of Location 4264, not on the mining area.
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It is evident that dieback exists in the area and the following management
measures will be carried out to ensure that all appropriate measures are taken in
an effort to contain the spread of dieback

49.3.2 Management measures

To enable a detailed dieback management plan to be incorporated into the mine
management plan, the proponent will carry out a dieback survey over the mining
area should approval to proceed be given and before operations commence.

It may be expected that certain basic management measures will be necessary to
contain the occurrence of dieback on the mining area and prevent further spread.
The proponent therefore undertakes to carry out the following actions:

(a) The drainage will not be altered after mining. Drainage lines will be
reconstituted in positions and flow directions similar to the pre-mining
situation.

(b) Methods for monitoring the presence of the dieback organism in the dredge
pond and drainage channels will be researched.

(¢) Washdown facilities will be provided for vehicles moving between dieback
affected and dieback free areas.

(d) To prevent the spread of dieback to other parts of the south west, trucks
transporting mineral products from the dry mill to Bunbury will not travel
further south than the dry mill, ie. they will not enter the mining area.
These trucks will be loaded from storage bins at the dry mill on raised paved
surfaces. They will travel to Bunbury on raised paved surfaces.

(¢) The vehicles of mine workers will be restricted to raised roads and raised
parking areas.

() Measures to control and contain any dieback in the areas of native vegetation

to be returned after mining will be studied in the early years of mining when
the rehabilitation will be largely in the form of pastures.

4.10 TERRESTRIAL VERTEBRATE FAUNA
4.10.1 Impact assessment

Apart from the two declared rare bird species discussed in Section 2.12, none of
the birds, mammals, reptiles or amphibians recorded or expected to occur in the
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Beenup survey area is rare or restricted. The primary impact of mining on the
fauna of the minesite would be the physical removal of particular habitats when
these areas are cleared in advance of mining. Cleared land and areas of remnant
vegetation which have been severely degraded by grazing of their understorey
occupies a major part of the mining area, (75-80%) and development of mining
in these relatively depauperate habitats will have a negligible effect on the fauna.
Clearing of the larger, ungrazed remnants will have a greater impact, but not to
the extent that local and regional vertebrate populations will be placed under
threat, as there are similar habitats in adjoining conservation areas, i.e. the
National Park and the Camping Reserve.

There may be some short term, localised territorial disruption to fauna populations
on the fringes of the Scott National Park and the Camping Reserve, brought
about by displacement of more mobile species from the mining area. However, the
National Park and Camping Reserve and indeed all other nearby areas of
uncleared land, have been subjected to the long term effects of surrounding
pastoral clearing and are still in relatively good condition as fauna habitats. The
impact on the fauna of the Blocks surrounding the proposed mining area is also
judged to be negligible.

Secondary impacts may be caused by such factors as dust and noise, changes in
water supply and quality, and disruption of habitat by construction of access
roads and other infrastructure.

4.10.2 Management measures

Planning and management programmes will be implemented to minimise the effects
of primary impacts and avoid or minimise the effects of secondary impacts. The
substantial remnants of native vegetation that presently occur on the mining area
will be rehabilitated to native vegetation communities, which will return faunal
habitats to these areas. (Refer Rehabilitation Programme - Section 3.1.9). The
water courses on the mining area will be reconstituted after mining and the native
plant communities presently growing in these areas will be re-established.

The following land management guidelines will be implemented before and during
the operation, and afterwards as long as the Company is responsible for the
management of the land. This will be until self-sustaining vegetation and faunal
habitats are established to the satisfaction of EPA.

¢ Mined land will be rehabilitated in accordance with the programme
outlined in Section 3.1.9.

Clearing of native vegetation will be kept to an absolute minimum.
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Wherever possible, access roads and easements will follow existing
tracks.

An environmental awareness programme will be established for the
Company’s workforce. All personnel working on the project will be
required to observe environmental guidelines both within the minesite
and in adjoining areas.

The return of flora and fauna on mined areas will be monitored
periodically.

4.11 ARCHAEOLOGY AND ETHNOLOGY
4.11.1 Impact assessment

Archaeological and ethnographical investigations have been carried out over the
project site and no sites of importance or significance to Aboriginal people were
recorded within the boundaries of the project site. The Department of Aboriginal
Sites at the Western Australian Museum has advised that should any sites be
uncovered in the course of development the Department of Aboriginal Sites should
be advised immediately (Appendix IX). There is therefore no impediment to the
project proceeding within the terms of the Aboriginal Heritage Act, 1972-1980.

4.11.2 Management measures

The proponent agrees that, should any archaeological material be uncovered during
the process of earthmoving, the Department of Aboriginal Sites of the Western
Australian Museum will be notified, as outlined in the Act.

4.12 ECONOMIC IMPACTS

The economic impact of the development of the Beenup mineral sands project has
been examined in terms of contribution to the South West regional economy and
to the Augusta-Margaret River Shire economy in those cases where meaningful
information has been available.

This analysis has been based on input-output multipliers developed by the W.A.
Department of Resources Development in conjunction with the University of
Western Australia, and which are specifically applicable to the mineral sands
mining industry. It should be understood that the figures which are derived in this
manner are not a precise forecast, but rather provide a reasonable indication of
the likely economic effects. It should also be noted that the analysis takes no
account of likely lead times or lags involved in the multiplier effects working
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through the economy. In some cases it may be 1-2 years before the full effects
become established.

Thus the multipliers provide order-of-magnitude estimates only. They take no
account of slack capacity, and where induced effects are concerned, they tend
towards over-estimation rather than underestimation. Consequently, they indicate
the maximum level of beneficial impact likely due to flow-on effects. "

4.12.1 Employment effects

The construction of the project is scheduled to be conducted over an 18-month
period commencing in October, 1990. Workforce numbers are expected to peak at
200 workers over the four month period July-October, 1991, with the main bulk
of the workforce being on-site during the period May-December, 1991. The build-
up and drop-off in workforce numbers during this phase will give rise to abrupt
changes in local employment levels.

The level of local employment opportunities generated by this phase will depend
on the hiring policy of the contractor undertaking the construction and the
availability of the required skills in the Shire labour pool. It is estimated that
between 35% and 50% of the construction workforce skills needs could be
obtained from the Shire labour pool.

The direct employment and flow-on employment expected to be generated by
construction phase expenditure within the South West Region are given in
Appendix X. A probable distribution of the employment opportunities between the
Augusta-Margaret River Shire and the rest of the South West Region are also
given.

The project will directly generate 115 permanent jobs during the operational phase
of the project once steady-state production is reached. This is anticipated to occur
immediately following plant commissioning in March-April, 1992. As indicated in
Section 3, between 40% and 65% of this direct workforce requirement has the
potential to be locally recruited given the skills which currently exist in the Shire.
The project will provide substantial employment opportunities. It will also provide
opportunities for people to move from part to full-time employment, and for
people who are "under-employed" to gain full-time employment. It is understood
that there is a measure of hidden unemployment in the rural and fishing sectors,
and given that persons from such backgrounds usually have the right skills and
aptitude to be trained and employed as plant operators, substantial opportunities
will be provided for these persons.

Table 4.2 outlines the indirect, flow-on employment expected to be generated by

the operational phase. Unlike the construction phase, these flow-on jobs are likely
to be permanent in nature for the life of the project. As the table indicates the
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consumption-induced jobs (those related to household spending) dominate,

indicating a substantial number of jobs are expected to be created in the
retail/wholesale and service sectors of the economy.

TABLE 4.2

Operational Phase - Employment Generation Estimates
South West Region

1. Direct Employment 115 135*
2. Flow-On Effects :
) Production-Induced 109 128
(i)  Consumption-Induced 200 it
(1i1) Total Flow-On 309 363
3. Total Employment Effect 424 498
4. Employment Distribution
) AMR Shire 267 313
(i)  Other South West Region 157 185

* Economic projections in this ERMP are based on an operational workforce of
115 persons. However latest projections indicate that there may be up to 135
permanent operational employees.

The project will have a significant positive effect on the economic base of the
Augusta-Margaret River Shire, through the addition of a new industrial sector.
This would, given the cyclical nature of the existing main economic sectors,
provide an added support to the economy. Given the 20+ year mine life
envisaged, the project will provide stable long-term employment opportunities, and
add to career opportunities for some sections of the communities.

The wage levels likely to be offered by construction contractors during the
construction-phase of the project are likely to be substantially higher than existing
wage levels for comparable jobs within the Shire. This may, in spite of the short
term nature of the employment offered, induce a level of labour turnover within
the community. During the operational phase, wage levels will be only marginally
higher than those available within the community, and this may encourage some
turnover, although it is not expected to be substantial. A short-term tightening
of the labour market is anticipated.

4.12.2 Output and income effects

Output effects refer to the changes in the value of output (i.e. the value of goods
and services) produced by a firm, institution or government, which will be
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generated as a result of expenditure on project construction, and by the
production of mineral sands during the project’s operational phase. The income
effects refer to the impact of the project’s construction and operation on
household income in the economies identified.

The wage bill associated with construction and operation of the project will add
to the economic well-being of the Shire and region. Direct wage payments during
the construction phase are expected to total $4.78M; and during the project’s
operational phase to be $4.60 million annually ($1989). In addition to the direct
workforce wages payments, the flow-on income effects are expected to total
$12.43M over the construction period, and be $6.058M annually during the
operational phase within the South West Region. Table 4.3 details the expected
household income effects.

TABLE 4.3

Household Income Generation
South West Region ($1989)

Total Construction Operational

Phase Phase
(Annual)
Initial Stimulus § 4.78M $ 4.660M
Production Induced Effects $ 6.93M § 2.796M
Consumption Induced Effects § 5.50M § 3.262M
Total Flow-On Effects $12.42M $ 6.058M
Total Impact $17.21M $10.718M

As a result of linkages between the project and other industries during both the
construction and operational phases, the project will generate benefits with respect
to the value of output in other sectors of the economy.

The construction phase of the project will involve the expenditure of some $104
million with some 25% of this being spent in the Augusta-Margaret River Shire,
and an additional 12% elsewhere in the South West Region. In total, some 48%
of project construction expenditure will occur in western Australia. Annual
operating phase value of output is expected to average $50.0 million (Australian
dollars).

Table 4.4 details the expected output effects in the South West Region resulting
from this regional expenditure.
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TABLE 4.4

Output Effects
South West Region ($1989)

Total Construction Operational

Phase Phase
(Annual)
Initial Stimulus $ 39.14M $ 50.0M
Production-Induced Effects § 24.66M $ 19.5M
Consumption-Induced Effects $ 16.83M $ 23.0M
Total Flow-On Effects $ 41.49M $ 42.5M
Total Output Effect $ 80.63M $ 92.5M

4,12.3 Effect on Government revenues

Both the construction and operational project phases will provide revenues for the
Federal and State Governments.

Federal Government revenues will be derived principally from Company taxes and
income taxes. Company tax will be paid at the appropriate level as determined by
the Commissioner of Taxation. Income taxes will be paid from wages and salaries
of the project’s workforce during both project phases. Income taxes are likely to
total approximately $1.86M for the construction phase, and $1.45M annually for
the operational phase.

State Government Revenue will mainly comprise payroll tax payments, royalties,
and revenues relating to services provided by semi-Government authorities such as
the State Electricity Commission. It is estimated that mining royalties, payroll tax,
fuel tax, and other revenues to the State Government will be in the order of
$7.05M per annum.

4.124 Effect on Shire finances
4.124.1  Impact assessment

The existing status of the Augusta-Margaret River Shire finances is discussed in
Section 2.3. The advent of the proposed project and the growth in population
which it will generate will place additional demands upon the Shire in terms of
the provision or augmentation of facilities to service the needs of incoming
population, and the maintenance and upgrading of roads used by the mine
workforce and product transport. This will necessitate the Shire undertaking some
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major investments to accommodate this growth. The ability of the Shire to finance
a major increase in spending solely through rates revenue is doubtful.

It is desirable to have facilities in place prior to the population influx, so that
potential social impacts arising from the lack of facilities are negated. This can
pose an additional funding problem in that capital expenditures need to be made
and debts serviced prior to the time when additional rate revenue to help fund
the debt can be collected. A substantial burden is thus placed upon the existing
ratepayers to fund the financing gap.

It is understood that the ongoing maintenance costs of the roads constituting the
product transport route will be subject to an agreement to be negotiated by the
parties concerned.

The mining company will also be required to pay rates to the Shire, in the same
manner as other persons living and/or operating a business in the Shire. Whilst
the rating formula to apply to the mine has yet to be determined, it is estimated
that rates will be adequate to cover such items as the mine’s share of maintenance
to local roads used by the mine’s workforce.

4,12.42  Management measures

The proponent is having discussions with the Shire to assess the extent of impact
on the Shire, and management measures needed to compensate for any adverse
impact.

4.12.5 Impact on tourism

Substantial concern has been expressed by residents and tourist operators that the
project’s operations will have a negative impact on the tourist industry. However
experience in the Eastern States indicates that these fears are groundless. Heavy
mineral mining operations have co-existed with tourist and recreational activities
for decades, some prime examples being North Stradbroke Island in Queensland
and the Myall Lakes area in New South Wales.

It has been found that:
° There has been no loss of amenity in these areas.

Conflict between tourist traffic and mine traffic is negligible.

The permanent mine workers are responsible members of the local
communities and mix socially with holidaymakers and tourists.
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Given the location of the project, in an area of the Augusta-Margaret River Shire
which is not part of the normal tourist route, it is unlikely that project site
operations will be a problem in this regard. They will be so located as to be
hidden from view from major tourist roads, attractions, and tourist centres such
as Augusta. The mining operation, however, may be encountered by the -
recreationalist or fisherman seeking to gain access to the wetlands and coastline
of Flinders Bay, or Swan Lake at East Augusta, for example. )

It is unlikely that the miners as a relatively small group in the community, will
conflict with tourists and holiday makers any more so than other sectors of the
community. During the tourist season, tourists in numerical terms far outweigh the
local resident population.

It is possible that the mining operation may become a tourist attraction in its
own right as has happened elsewhere in Australia, where public interest has been
such that mining companies have instigated information tours and the like.

4.12.6 Product transport effects

Management of the Sabina Road - Capel transport route for the transport of
product to Bunbury will be the responsibility of the Main Roads Department.
This route has several economic advantages. Whilst data are not available to
quantify these benefits in dollar terms, it is believed that they will be substantial
in the long term.

The establishment of a new, all weather road access into the Augusta-Margaret
River Shire using Sues Road as the key link, will enable people to travel more
directly between the southern part of the Shire and Capel and centres to the
north. This could have product transport cost advantages for all goods and
services being moved by road.

The establishment of such a road link also provides an opportunity for the
establishment of a specific heavy-haulage route into the Shire. By making it
attractive for heavy traffic to use this route, the heavy traffic load on the other
main access routes (the Bussell, Vasse and Brockman Highways) could be reduced.
As these other main access routes are also important tourist roads, this would
serve to lessen conflict with this traffic, as well as local traffic.

In terms of regional road planning and economics, the heavy-haulage route
concept has merit in that the Beenup route could also service the Jangardup mine.
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4.12.7 Balance of payments effects

The proposed project’s operations will make a positive contribution to the
country’s export income to the extent of an average of $50 million ($1989) per
year during the operating phase. No importation of goods is required during this
phase. During the project’s construction goods to the value of $20 million will be
imported. Hence the balance of payments effects will be positive, with the initial
negative effect being overcome by revenues during the first year of the project’s
operation.

4.12.8 Agricultural production

The development of the mining project is not expected to lead to major changes
in livestock numbers carried in the district. MDL has purchased some 937.3 ha
of land from the farming community for its mining operation. The land is
currently being leased back to the farmers for continuing agricultural production.
It is envisaged that a proportion of this land will be available for agricultural use
during the term of the mining operation. It is planned that a major part of the
mined land will be restored to pasture for grazing by sheep and cattle after
mining. The inclusion of slimes into the topsoil is expected to have a beneficial
impact on the soil, resulting in increased production and lower fertiliser
requirement through reduction of leaching losses.

4.13 SOCIAL IMPACT ASSESSMENT

This Section outlines the principal social impacts likely to arise as an outcome of
the project’s implementation. The form and magnitude of these effects are directly
related to the size of the incoming workforce, the demographic characteristics of
this workforce (and their families) and the existing social order within the Shire.

It is important to note when examining these matters that the Augusta-Margaret
River Shire is currently undergoing substantial population growth due to the
increasing importance of tourism, and the attraction of retirees and alternative
lifestyle persons to the Shire. This growth has already initiated substantial change
within the community, and if current population growth projections are realised,
it will continue to do so well into the future. The advent of the proposed mining
project will inject a number of newcomers into the Shire in a relatively short time
span (approximately 2 years). It is the timing of this population injection which
makes the project generated growth stand apart from the population growth trend
evident in the Shire today.
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4.13.1 Population generation estimates

This section examines the population likely to be generated within the Augusta-
Margaret River Shire, where the effects are likely to be most significant. It should
be noted that the estimates outlined here are indicative only, as it is not possible
to accurately predict the labour market conditions and demographic characteristics
of any newcomer population. The estimates contained here are based on
characteristics exhibited by similar workforces in other mining projects in Australia.

4.13.1.1  Peak construction phase - Population

In developing these estimates it has been assumed that local recruitment will be
35% and that the incoming "newcomer" project workforce will total 130 persons
out of a total of 200. It is also assumed that this level of local recruitment will
take up 50% of the labour available locally, such that most of the flow-on
employment opportunities will require persons to come into the Shire to take up
the jobs created. It should be noted that this is a conservative approach and
hence represents the maximum impact situation.

The estimated newcomer population profile is likely to comprise:
TABLE 4.5

Estimated Newcomer Population Profile - Construction Phase

Category Numbers

Direct Project Workforce Component :

newcomer workforce = 130
family units = 32
single person = 98
direct population = 239
children (kindergarten

/preschool age) = 9
children (primary school age) = 32
children (secondary

school age) = 19
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TABLE 4.5 (continued)

Estimated Newcomer Population Profile - Construction Phase

Category Numbers

Flow-On Workforce Component :

newcomer workforce = 281
family units = 120
single persons = 99
direct population = 454
children (kindergarten

/preschool age) = 21
children (primary school

age) = 73
children (secondary school

age) = 43

4.13.1.2 Operational phase population

During the operational phase, once a steady state production situation is reached,
the project will employ 115 workers. This situation will apply from March-April
1992 onwards for the life of the mining operation as currently proposed.

The estimated newcomer population profile is given below for two cases - Case
A for 65% local recruitment and Case B for 40% local recruitment :

TABLE 4.6

Estimated Newcomer Population Profile - Operational Phase

Category Numbers

Case A Case B
(65%) (40%)

Direct Project Workforce

Component

newcomer workforce 40 69
family units 28 49
single persons 10 17
direct population 98 171
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TABLE 4.6 (continued)

Estimated Newcomer Population Profile - Operational Phase

Category Numbers

Case A Case B
(65%) (40%)

children (kindergarten/

preschool age) - 9
children (primary school age) 18 31
children (secondary school age) 11 18

Flow-On Workforce Component

newcomer workforce 80 95
family units 35 41
single persons 28 33
direct population 151 177
children (kindergarten/

preschool age) 6 i
children (primary school age) 22 26
children (secondary school age) 13 16

4.13.2 Housing provision

4.13.2.1  Project housing - Construction phase

During the construction phase of the project, it is intended that single status
persons be accommodated in the on-site construction camp (Section 3.5.1). Hence,
no external accommodation requirement will arise for this component. The married -
direct peak workforce component is expected to comprise 32 family units. These
will be accommodated in a Company caravan park planned at Alexandra Bridge,
which will eventually be handed over to the Shire Council for community use.

4.13.2.2  Project housing - Operational phase
Operational phase direct housing demand is expected to comprise 69 family

dwellings and 11 x 2 BR units or flats for the single workers. Flow-on demand
is expected to total 41 family dwellings and 22 x 2 BR flats or units.
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As it is company policy for all workers to find their own accommodation during
this phase, the appropriate housing for both the direct and flow-on workforces will
be sought on the local market. It is probable that this demand will be
concentrated in the two urban centres of Augusta and Margaret River, although
a percentage of the incoming population is expected to seek housing elsewhere in
the Shire to satisfy their lifestyle goals.

4.13.23  Impact assessment

The demand for accommodation for the married component of the construction
workforce and the associated flow-on workforce will take the form of demand for
temporary accommodation facilities. It is expected a majority will be seeking
caravan park facilities, although rental houses and flats will also be sought
especially by the flow-on population. The accommodation required is short-term
in nature with the heaviest demand falling over a four month period from July
to October, 1991.

Neither Margaret River nor Augusta has the ability at present to satisfy the likely
demand for rental houses or flats, although both centres would have sufficient
caravan park accommodation at that time of year to service likely demands. The
demand is likely to be greatest in Augusta as it is the closest urban centre to the
project site.

The operational phase demand is for long term, permanent accommodation
totalling 110 dwellings and approximately 33 x 2 BR flats or units. This
accommodation needs to be available in the first two months of 1992. It is
estimated that the baseline population growth will require the provision of
approximately 286 housing/accommodation units during the period 1989 to 1992.
Added to this will be the project-related demand for 143 units. In terms of
allotments, this equates to approximately 389 lots of which 15 would be unit sites.

When this demand is compared to the land availability situation, it would appear
that the supply situation in Margaret River should meet the demand but in
Augusta there may be a supply problem.

If a tight housing supply/demand situation continues in the Shire and current
growth trends suggest this will occur, the added demand of the project could lead
to an escalation of house/land prices. There is a need to ensure a small
oversupply of both housing and land to maintain reasonable price levels.

4.13.24  Management measures
The primary means of alleviating any accommodation shortage is to instigate

measures which will ensure that adequate serviced land and housing are available
to meet the demand when it occurs. In this situation, the timing and magnitude
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of the demand can be forecast with reasonable certainty. Once approval for the
project is granted, ways in which the demand can be met will be investigated by
the proponent in consultation with the Shire.

4.13.3 Infrastructure provision

The water supply and sewerage systems at Augusta will need to be upgraded to
cater for the expected growth in population arising from both trend growth and
the proposed project. Given the timing of the project, this is a matter which will
require immediate attention if local serviced allotment demand is to be met.
Consideration should also be given to extending Margaret River’s sewerage system
and to bring forward the completion date of the 10 Mile Brook water supply
reservoir.

Telephone and electricity services are currently available in those localities likely
to experience growth. As with the other utility services, foreknowledge and forward
planning will ensure that both services can be provided when required to meet
the needs of the incoming population.

4.13.4 Product transportation

The likely impacts associated with the transport of the product from Beenup to
Bunbury, and management measures that are planned, are discussed in Section 4.3.

4,13.5 Social infrastructure

The newcomer population generated by the project is expected to comprise a
mixture of young single persons and families in the young and middle life cycle
stages. Typically, the community services needs for the young single, independent
population are sporting and social facilities which cater for the young adult age
group. The young family requires access to child health centres, family planning
services, playgroups, childcare and pre-school centres, and a variety of information
services relating to social welfare matters in particular, The middle family also
places demands upon the general practitioners and other health and welfare
services with a greater, regular use being made of dental facilities. In addition,
education services, clinical guidance and counselling are often required, and library
services are very much in demand.

The growth in permanent population attributable to the project is expected to
account for approximately 42% of the Shire’s overall ‘resident population growth
in the period 1989-92. After 1992, the project makes no further contribution to
the population growth.
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4,13.5.1 Education facilities
Project-related demand for school places is expected to be as follows:
TABLE 4.7

Project-related demand for school places

Type of school Numbers
Construction Operational
Phase (Peak) Phase
Kindergarten/Pre-School 30 16
Primary School 105 57
Secondary School 62 34

This demand, coupled with that originating from trend growth, will necessitate an
increase in the capacity of all three levels of educational provision in the Shire.
As discussed, all schools have very little spare classroom capacity and most are
in need of additional administrative and teacher preparation space at the present
time. Measures will need to be put in place to not only cater for the short-term
peak occurring in the second half of 1991, but to provide for the ongoing
teaching needs of the permanent project population.

4.13.5.2 Medical facilities

The Shire’s medical facilities are considered adequate to cater for the needs of the
incoming workforce. The medical facility nearest to the Beenup project is located
in Augusta. In emergency situations, the fastest route to this hospital would be
via Scott River Road and FEast Augusta. Emergency procedures will be
established to ensure quick access to medical facilities.

4.13.5.3 Recreational and Civic facilities

The Shire possesses a substantial range of both civic and recreational facilities,
sufficient to cater for most community needs. The three items identified as being
needed in the community were a Shire swimming pool, a community hall at
Augusta, and a permanent police presence in Augusta. With the advent of the
project, weight would be added to the demand for such facilities and services.
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4.13.54  Social support facilities and services

The main social support services required for any population are access to legal
aid; drug and alcohol rehabilitation; information services; community centres;
neighbourhood houses; family financial, youth, marriage, personal and sex
counselling; and sex, life skills and pre-marriage education.

As detailed in Appendix X the Shire contains the basis on which to build an
effective social support system. The services provided, the community centre and
the mobile counselling service cover most aspects to varying degrees. It is
envisaged that as the Shire’s population grows these services will need to be
expanded in depth and scope.

4.13.5.5 Commercial facilities

The commercial facilities in the Shire are sufficient to cater for most convenience
shopping needs. = Comparison shopping opportunities will increase as the
population grows and can support such facilities.

4.13.6 Social adjustment

The development of the proposed mine will generate some inevitable social
adjustments within the community. The effects occasioned by population influx will
tend to alter existing social networks as well as individual attitudes.

4.13.6.1 Construction phase
(a) Impact assessment

The existing pace and nature of life in Augusta, and to a lesser extent in
Margaret River, may undergo some change during the construction phase. The
peak construction related population will represent approximately 10% of the
Shire’s population, whereas the direct component of this population will represent
some 240 persons or 130 newcomer workers. A proportion of this population is
expected to locate in and around Augusta.

Social adjustment during the construction phase is anticipated to be similar to the
seasonal influx of tourists. It can be expected that a proportion of the newcomer
construction workers will have little or no interest in identifying with the Shire’s
communities, and little understanding of the behaviourial standards and attitudes
which prevail in the Shire. The incidence of social adjustment effects will also
depend upon the attitudes of the local population towards change. Given the
local acceptance of the seasonal tourist influx in Augusta and Margaret River, it
would be reasonable to expect the local population to accept a degree of change.
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(b) Management measures

Some solutions to these above social problems are available. Measures which may
assist in lessening problems include :

o

Employment of local persons where practical.

provision of sufficient and adequate accommodation (in particular rental
accommodation).

encourégement of interaction between the local population and the
construction population through specially arranged social and sporting
activities.

adequate locally-based welfare resources to cope with both emotional
and practical problems.

4,13.6.2  Operational phase
(a) Impact assessment

The production phase will require social adjustments similar to those mentioned
above for the construction phase situation. It is probable that some persons who
come for the project construction will remain and gain employment in the project’s
operation.

Amongst the newcomer permanent population it may be expected that non-working
women will experience the most difficulties in adjusting to a new life in a new
location. Those in the workforce and children have socialising opportunities,
whereas women who do not work may feel isolated and lonely in their new
environment. Dislocation from established networks of family, friends and familiar
environments is often central to the problem. Other problems faced by newcomers
may also include lack of information about community services and support
systems such as baby-sitting and the like.

Difficulties which may be faced by the existing Shire population may include
difficulty adapting to different values, beliefs and behaviour patterns that
newcomers may bring (although given the community’s exposure to change over
recent years this should not be a major new problem); a real or apparent loss of
the "small town atmosphere" and suspicion or resentment of the abilities and
talents of new residents which are apparent through their involvement in
community or sporting organisations.
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(b) Management measures

Some general measures which may assist the social adjustment problems discussed
above include :

Q

Employment of local persons where practical.

Timely provision of facilities and services needed by the incoming
population.

The establishment of a new residents information kit providing advice
about access to services, etc.

The provision of neighbourhood or community houses in appropriate
locations.

Concerted efforts by existing clubs and organisations to attract new
members.

Specially-organised activities to encourage social interactions.

As indicated earlier in this report, effective local authority management based on
cooperation and coordination with community groups, government departments and
services, and the project management, will greatly assist in accommodating and
integrating the new population in a manner which is least disruptive to the
existing community.
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5.0 CONCLUSIONS

The Beenup deposit contains 20 million tonnes of heavy minerals which will
support a major mining operation for in excess of 20 years. The operation will
make a substantial contribution to the economic well being of the Shire, the State
and the Nation. The generation of household income, including flow-on effects,
will total $17.21M for the construction phase and $10.718M ($1989) annually for
the operational phase. Project expenditures including flow-on effects will total
$80.63M for the construction phase and $92.5M ($1989) annually for the
operational phase. Both the construction and operational phases will provide
revenues for the State and Federal governments. State government revenues will
be in the order of $7.05M annually. The value of additions to the State’s
infrastructure will exceed a total of $20M ($1989). The project will contribute an
average of $50M ($1989) annually to the country’s export income.

Employment during the 18 month construction phase will peak at 200 persons.
Permanent operational employment has been calculated to be 115 persons, with
a flow-on effect of 309; however the number of permanent operational employees
is now expected to reach 135 persons.

These economic benefits will be achieved at minimal cost to the environment. The
proposed mining method does not use any chemicals and produces no toxic
wastes, and the mined land will be returned to its pre-mining land use when
rehabilitation is completed.

The main environmental issues that were identified are associated with transport,
hydrology, native vegetation, rehabilitation, dieback and social issues. Each of
these issues has been addressed in detail throughout the ERMP. Stringent
environmental management commitments will be adopted by the proponent to
ensure that any adverse effects are either avoided or minimised.

The rate of mining, as proposed in this document, cannot be increased without
further major capital expenditure and would require a further submission to the
EPA. The proponent is not considering secondary processing anywhere in Western
Australia at this stage due to prevailing economic conditions and the fact that new
technology that is available elsewhere in the world is not for sale and has
extremely high power consumption. The ilmenite produced at Beenup is not
suitable for synthetic rutile feed.
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6.0 SUMMARY OF ENVIRONMENTAL MANAGEMENT
COMMITMENTS

If aproval for the project is granted, the proponent will carry out the following
actions before, during and after the proposed operation, according to the particular
requirements of each commitment, to the satisfaction of the EPA.

6.1 CONSTRUCTION PHASE
6.1.1 Accommodation for temporary workforce

During the peak construction period, temporary single persons quarters, recreation
facilities and messing facilities will be provided adjacent to the dry mill site.
Accommodation for married personnel will be provided via existing commercial
caravan parks and, subject to Shire Council agreement, at a caravan park to be
constructed at the old Bullers Mill site adjacent to the Alexandra Bridge. This
caravan park will be handed over to the Shire Council at the conclusion of the
construction phase for management as a community facility.

6.2 MINING
6.2.1 Environmental awareness

An environmental awareness programme will be established for the Company’s
workforce. All personnel working on the project will be required to observe
environmental guidelines both within the minesite and in adjoining areas.

6.2.2 Groundwater

The mining operation will be designed to avoid substantial drawdown of the water
table; if water table drawdown does occur during the summer months, it will be
minor and confined to the immediate locality of the dredge pond. During summer,
if required, makeup water will be supplied to the dredge pond from several bores
in the Lesueur Formation at a depth of 150 to

200 m.

6.2.3 Surface water

Existing surface drainage channels that are encountered by the mining operation
will be temporarily diverted around the dredge pond. These channels will be
established at least 12 months prior to requirement, to enable vegetation to
regenerate and stabilise. Silt traps will be constructed on major drainage channels,
downstream of the mining operation. Where practical, water from the slimes dam
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will be decanted and returned to the dredge pond. Providing turbidity is at an -
acceptable level, excess decant water from the slimes dam will be discharged into
existing drainage channels (during the winter wet season).

6.2.4 Slimes disposal

Slimes will be directed to settling ponds for disposal after they have dried. A
portion of the slimes will be incorporated into the topsoil destined for pasture
areas and the remainder will be incorporated into the tailings near the surface.

6.2.5 Minimisation of disturbance

Clearing of native vegetation will kept to an absolute minimum. Wherever possible,
access roads and easements will follow existing tracks.

6.2.6 Site preparation

The treatment of vegetation and soil on land in advance of mining will as
described in Section 3.1.9.2 of this ERMP.

G2y Aboriginal artefacts

Should any archaeological material be uncovered during the process of earth
moving, the Department of Aboriginal Sites of the Western Australian Museum
will be immediately notified.

6.2.8 Dust control

The generation of dust from areas such as topsoil, tailings, concentrate heaps and
haul roads will be controlled as necessary by the control measures detailed in
Section 4.7.2 of this ERMP.

6.2.9 Flora and vegetation of conservation value

The eastern half of Location 4264 will be excluded from mining.

6.3 REHABILITATION

The type of vegetation to be returned to the mined area will be as drawn up
after consideration of the recommendations by the final land use Work Party and
the Community Consultative Group viz:

(a) 72% agriculture, including possible community purposes, eg. a
commercial tree crop.
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(b) 13% rehabilitation of the main remnants of native vegetation back to
native vegetation.
(© 11% planting of native plants along major water courses, to assist in
stabilising the soil and absorbing fertiliser nutrients leached from

farming activities.

(d) 4% planting of a buffer zone of native tree and understorey species
along the southern boundary, adjacent to the Scott National Park.

Rehabilitation procedures will be as listed in Section 4.2.2.

6.4 MINERAL PROCESSING

6.4.1 Water supply

The water supply for the dry mill will be obtained from two bores in the Lesueur
Formation at a depth of 150 to 200 m, which will not affect the water table
nearer the surface. Much of the water in the plant will be recycled and the

discharge of excess water is not planned. As a precaution, a silt trap will be
constructed downstream of the settling dam.

6.4.2 Waste disposal

Sand and other waste products which are removed from the concentrate in the
mineral processing will be returned to the minesite for disposal. The disposal of
other wastes such as garbage and workshop waste will be disposed of at an
approved disposal area within the Shire.

6.4.3 Visual amenity

The dry mill and office will be screened from the road by plantings of indigenous
trees and shrubs.

6.5 TRANSPORT OF MINERAL PRODUCT
6.5.1 Transport route
The selection of the preferred transport route, the upgrading of parts of this route

as required and the conditions under which the mineral product will be
transported will be as described in Section 4.3.2 of this ERMP.
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6.5.2 Noise mitigation

Noise levels at the intersection of Scott River Road and Brockman Highway will

be reduced to acceptable levels if necessary by the use of measures outlined in
Section 4.8.3 of this ERMP.

6.6 CONTROL OF THE SPREAD OF DIEBACK
6.6.1 Dieback survey

To enable a dieback management plan to be incorporated into the mine
management plan, a detailed dieback survey will be carried out over the entire
mining area, after approval to proceed is granted and before operations commence.

6.6.2 Drainage

The drainage on the mining area will not be altered after mining. Existing
drainage lines will be reconstituted after mining in positions and flow directions
similar to the pre-mining situation.

6.6.3 Control measures

Vehicles moving from infected to uninfected areas will be washed down. Trucks
transporting mineral products from the dry mill to Bunbury will not travel further
south than the dry mill. The access of vehicles of mine workers to the mining
area will be restricted to raised gravel surfaced roads and raised gravel parking
areas.

6.6.4 Further studies

Measures to control and contain any dieback in native vegetation areas to be
returned after mining, will be studied in the early years of mining, when the
rehabilitation will be largely in the form of pastures.

6.7 AUDIT OF GREENHOUSE GASES

Commitments to reduce the emission of greenhouse gases to as low as practlcal
will be as outlined in Section 4.5 of this ERMP.
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6.8 MONITORING

Monitoring will be undertaken in the following areas and the results reported as
appropriate to the Department of Mines, the Department of Conservation and
Land Management and the Environmental Protection Authority. The results from
various monitoring programmes will be reviewed regularly in relation to the
appropriate management programme and the management programme will be
modified as necessary. ‘

6.8.1 Groundwater

The number of bores being monitored will be increased and during the initial
years, these bores will be monitored on a weekly basis.

6.8.2 Surface water

Monitoring of the water quality of the Blackwood and Scott Rivers will continue
on a regular basis. The major drainage channels on and leaving the mining area
will also be monitored regularly.

6.8.3 Flora and vegetation

A buffer strip within the Scott National Park, in that section where the Park is
contiguous with the mining area, will be botanically surveyed before mining
commences and monitored annually thereafter.

6.8.4 Rehabilitation

The progress of rehabilitating areas will be monitored regularly and reported
annually.

6.8.5 Dieback

Methods for monitoring the presence of the dieback organism in the dredge pond
and drainage channels will be researched. Other parts of the mining area will be
monitored for dieback as required, dependent on the results of the dieback survey.
The buffer strip referred to in Section 6.7.3 will also be monitored for the
presence of dieback.

LEWIS ENVIRONMENTAL CONSULTANTS



y9

6.9 ECONOMIC
6.9.1 Employment
The proponent will advertise all permanent positions in the local newspaper, in
keeping with the policy of employing suitably qualified local residents where

possible.

Electrical and mechanical apprenticeships offered by the proponent will be available
for suitable local school-leavers.

Where competitive with alternative suppliers, local business activities will be
supported.

The proponent is an equal opportunity employer.
6.9.2 Infrastructure

The capital cost of infrastructure for the project will be borne by the proponent,
in conjunction with other major users of the infrastructure facilities.

Upon obtaining approval for the project, agreement will be reached with the Shire
to ensure that the Shire is not financially disadvantaged by the project.

6.9.3 Agricultural production

Areas of the pastoral land (937.3 ha), currently owned by MDL, that are not
committed to the mining operation, will remain available for agricultural
production. Post mining areas of rehabilitated pasture will be made available for
agricultural use as soon as is practical.

6.9.4 Tourism

The potential for tours of the operation will be investigated in conjunction with
the Augusta-Margaret River Tourist Bureau. Any funds generated from the tours
will be for the benefit of the Tourist Bureau or local charities.

6.10 SOCIAL

6.10.1 Workforce

Suitably qualified local residents will be employed where possible. This will provide
direct interaction between existing residents and employees new to the area. The



100

proponent will provide the necessary training for plant operators, rather than rely
on obtaining personnel who already have the appropriate work skills.

6.10.2 Accommodation

During the construction phase, single person’s quarters will be provided on site
to minimise pressure on existing rental accommodation.

The viability of constructing a caravan park for use by married persons during
the construction phase, and then handing the management of the facility over to
the Shire Council, will be further investigated.

Consultation with the Shire and the Beenup Consultative Group will continue, to
determine means of minimising the impact of the incoming construction and
permanent operational workforce on existing housing.

6.10.3 Social infrastructure
The need for additional social facilities to meet current population growth and the
increase in population due to the project will be investigated in conjunction with

the Shire Council and the Beenup Consultative Group.

It is hoped that the Beenup Consultative Group will play an active role in
assisting newcomers to assimilate to their new environment.

MDL personnel currently involved in consultation with the community will

continue to be involved through the construction phase and into the operational
phase, to maintain continuity of the consultative process.
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FIGURE 4.1
Woodland rehabilitation, New South Wales

FIGURE 4.2
Wet heath rehabilitation, New South Wales
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PROPOSED BEENUP HEAVY MINERALS MINE
EPA GUIDELINES FOR AN ENVIRONMENTAL REVIEW
AND MANAGEMENT PROGRAMME (ERMP)

These guidelines may be amended if a joint State-Commonwealth environmental
assessment is necessary by virtue of the Commonwealth’s Environment Protection
(Impact of Proposals) Act applying to the project through, for example, the
requirement for export approval.

SUMMARY

This section should contain a clear and concise summary of the proposal, existing
environment, the magnitude and extent of environmental impacts and the planned
environmental safeguards and management.

1. INTRODUCTION
This section should include:

- background and objectives of the proposal;

- details of the proponent;

- why the document has been prepared;

- location, size, scope and timing of the proposal;

- regional overview of existing and proposed sand mining operations and future
heavy mineral prospects in the lower south west; and

- relevant legislative requirements and approval processes (State and
Commonwealth).

2. NEED FOR PROPOSAL

The broad costs and benefits of the project to the company and community may
be described in a general way. These should be described at local, state and
national levels.

3. THE PROPOSAL

The document should provide descriptions of all the various components of the
development and should also cover the various stages, from site preparation
through to decommissioning, as well as covering operational aspects such as
overburden handling and ore transport. Auxiliary services such as power and water

LEWIS ENVIRONMENTAL CONSULTANTS
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supplies and labour requirements should also be described. The following should
be included:

detailed map of the site, deposits and surrounding land tenures;
description of mineral deposits and exploration;

details of the mining operation including rehabilitation;

any plans for on-site mineral concentration or processing;

transportation proposals including routes, upgrading proposals and sources of
construction material;

secondary concentration or off-site processing proposals in Western Australia;
details of project infrastructure including the workforce, water and electricity
supplies and waste treatment (including sewage); and

prospects for future downstream developments such as development of a
sulphate route processing plant or other processing options.

Where there are in-bmilt environmental controls or safeguards as part of the
project design, they should be described as part of the proposal and cross-
referenced in the later discussion of environmental management.

As rehabilitation will be a key part of the project, it can either be considered as
a separate issue or integrated into the various project components.

4.

KEY ISSUES

Particular emphasis should be placed on the following key issues for this proposal:

the relationship of this proposal to others in a regional context;

impact on ground and surface water quality and levels including the
Blackwood and Scott Rivers (consider especially turbidity and dieback in
discharged mine water);

relationship between on-site activities and off-site impacts (due to water table
changes for example);

surrounding land wuses, especially Scott National Park and surrounding
agricultural activities;

dieback control and protection of any rare flora and fauna;

transportation of raw materials, products and the workforce;

potential impacts on the coastal and marine environments;

rehabilitation and final land use;

social impacts on the local populations of the shires in which mining and
transportation will occur;

greenhouse audit and offsets.
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5. EVALUATION OF ALTERNATIVES

The evaluation of alternatives should demonstrate to the reader how choices on
location, technology, techniques, transportation etc., have been proposed so as to
protect the environment. A description should be given of how the proposal has
developed and the degree to which development alternatives have been examined
or changed as a result of public or government suggestions. The public
consultative process should be described here.

Consideration of alternatives should be integrated throughout the document as
well. For example, consideration of alternative environmental management
proposals should demonstrate their consequences on potential environmental
impacts. As such this would be best discussed in the environmental management
section.

Special attention should be given to the discussion on alternative options for:

-  mining and mineral processing techniques;

- rates of production and project development;

- mine site rehabilitation, in particular end land use;

- electricity supply and transmission corridors;

- water supply and management of excess water;

- ore transportation routes, upgrading proposals and sources of construction
materials; and

- workforce accommodation.

When alternatives are rejected or selected, the factors which led to that decision
should be clearly identified. The environmental and social costs and benefits of
alternative options should be discussed, principally for the ore transport options.

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

The differing environments affected by alternative transportation options should be
recogmsed Particular attention should be paid to sensitive terrestrial, coastal and
marine environments which might be differently affected by alternative
transportation modes. A matrix approach could be adopted to consider the
environmental and social effects of each alternative on each aspect of the
environment.

LEWIS ENVIRONMENTAL CONSULTANTS
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6. EXISTING ENVIRONMENT

This section should provide an overall description of the environment and an
appraisal of the physical and ecological systems likely to be affected by all aspects
of the proposal. It should concentrate on the significant aspects of the
environment subject to potential impact from the development. Only the habitats,
resources and potential resources which could be influenced by the project should
be described. Excessive descriptions which are irrelevant to the impact of the
proposal tend to detract from the document. Maps and aerial photographs of
physical and biotic features, including drainage and vegetation types, should be
included.

Discussion of the region within which the project is situated should be provided
before discussing the project site. Conceptual models or diagrams could be
provided to illustrate and synthesise the interactions between the physical and
biological aspects of the habitats and resources discussed.

In particular, the aspects of the terrestrial, aquatic, estuarine, coastal and marine
environments relevant to, or impacted by mining, transport links, mineral
processing and project workforce, should be discussed. A good understanding of
the local meteorology, soils and geology, land use, groundwater and biota and
their interaction with existing water resources, levels of dust and other possible
pollutants, including radionuclides if any, should be demonstrated for the mine,
workforce accommodation, transport corridor and ship loading facilities.

It is important to consider the conservation status of flora and fauna which may
be affected and the relationships between the project and adjacent land uses,
especially Scott National Park and surrounding agricultural activities. The
significance of surface and groundwater resources of regional significance should
be discussed.

Discuss the physical and biological processes which maintain the various habitats
and resources., The proposal should consider fisheries and their usage in this
section. Assess the resilience of these habitats and resources to natural and man-
made pressures, particularly with regard to dieback disease and changes to ground
and surface waters.

The discussion of the human environment should include information on land use
and planning, features and sites of cultural and scientific interests including any
historical, archaeological or ethnographic sites. Also, infrastructure, public and
private utilities, facilities and social aspects should be considered. Landscape and
aesthetic values should also be described. The assessment of the social environment
should include identification of groups potentially affected by the proposal.
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A description should be provided of the public participation and consultation
activities undertaken by the proponent in preparing the ERMP. Description and
objectives of the activities undertaken and details of the groups involved should
be included.

A summary of the concerns raised by individuals and groups should be provided.
This section should be cross referenced with the "Environmental Management"
section which should clearly indicate how each of these concerns has been
addressed.

7. ENVIRONMENTAL IMPACTS

The proposal will impact on some aspects of the environment, and it is necessary
to discuss the individual impacts and then synthesise these so as to show the
overall effect on the total environment. This is necessary for two reasons: firstly,
to allow the reader of the document to draw conclusions on whether the proposal
is environmentally acceptable, and secondly, to show what management
programmes can be devised to manage environmental impacts.

Impacts should be described in a way which allows testing of the prediction made
in the ERMP against future monitoring data. Consideration should be given to
both the long and short-term effects of project development and operation where
the environment may be significantly altered.

Potential impacts on all aspects of the environment should be considered. A
thorough evaluation of the hydrological and botanical impact, including the
potential for the spread of Phyfophthora pathogens, should be provided. Discuss
the effects of the project and associated population on the existing environment,
including any archaeological, ethnographic or heritage aspects, the existing local
population and any existing or proposed nature conservation areas. Impacts on the
terrestrial, coastal and marine environments should be considered separately. Any
impacts on natural resources, including fisheries should be evaluated.

This section should show the overall effect of the proposal on the total ecosystem
and surroundings of the area. It will be necessary to address the impacts on the
individual environmental components before a final overall synthesis can be made.
In all cases where an assessment is made, the criteria employed to assess impacts
should be clearly stated. Wherever possible, effects should be quantified and
uncertainties highlighted. Use figures and tables or matrices wherever necessary for
clarity. The synthesis should also include an assessment of the significance and
timing of the various impacts identified. It may be useful to examine construction
impacts separately from operational decommissioning impacts.
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The major components of the proposal and their interactions with specific
environments should be set out in separate sections (eg. consider the implications
of an offshore loading facility on the marine environment).

The evaluation of the social impact of the project should cover the overall and
incremental impact on the communities in which mining and transportation will
occur.

The assessment should include:

(]

Social costs and benefits of the proposal.
Impact of increased workforce.

Assessment of additional housing requirements.
Impact of existing services.

Impact of increased transport activity.

8. ENVIRONMENTAL MANAGEMENT AND MONITORING

An environmental management programme should be developed and cross-
referenced to the synthesis of environmental impacts previously outlined. The
objectives, scope and details of the programme should be described. Assignment
of responsibility for environmental management should also be stated and
commitments given.

The need for any additional long term monitoring of baseline conditions should
be considered.

It will be essential to discuss the proposed management programme in relation to
current practice elsewhere in Western Australia and Australia for various aspects
of the proposal. A description of research programmes that would provide
information on the means of rehabilitation and management of the environment
should be included in this section.

Emphasis should be placed on mechanisms to identify and monitor social impacts
and on the development of management and mmgatlon measures relevant to the
impacts identified in section 7.

Emphasis should be given to mechanisms for adapting the environmental
management programme in response to results from a comprehensive monitoring
programme. The monitoring programmes should be designed to test predictions
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made in the ERMP as well as to facilitate protection and management of the
environment.

The procedures for reporting results of monitoring and environmental management
to the appropriate authorities should be outlined. Also summarise, and where
necessary detail, management commitments described in this and earlier sections.

Proposals for additional research on aspects of the environment and its
management peculiar to the Beenup area should be discussed (eg. dieback control,
rare species management, rehabilitation).

9. CONCLUSIONS

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

10. SUMMARY OF ENVIRONMENTAL MANAGEMENT
COMMITMENTS

Environmental management commitments should be summarised and numerically
listed in this section.

Commitments should clearly address each of the outstanding environmental and
social issues. They should be of the form "The proponent will...carry out...(action)
at...(time) at... (location) to the satisfaction of... (the EPA).

11. REFERENCES

-  Bibliography and Abbreviations

- Provide lists of references cited and abbreviations used

- Glossary

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

layman.
- ERMP Guidelines

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

The Beenup area is partly covered by a 200 m x 200 m grid (KA series) and the
soil profile was described at each of the 280 grid points.

In addition inspections were made at 200 m intervals in the eastern part which
is not covered by the KA series grid. Soil inspections were made by boring a hole
to a metre where possible; in many cases an iron pan occurred at less than 1 m
and, in fact, often formed the surface. The soil was described in terms of colour
and texture and gravel content for each identifiable horizon. Colour is given by
reference to the Munsell Soil Colour charts where colour is defined in terms of
hue (spectral colour), value (darkness), and chroma (purity of colour). Seven
samples were taken for chemical analysis. Each sample consisted of about 50
bulked cores, taken from 0-10 cm. Sub-samples were taken for analysis.

2.0 SOILS WITH IRON PAN WITHIN 1 m.

These soils vary greatly in depth over very short distances; iron pan is often
outcropping or at less than 10 cm but in places, especially in the western part of
the unit as mapped, the depth is commonly 40-60 c¢cm. The soils also vary in
colour and may be dominantly grey, yellow-brown, or red-brown. The textures are
usually sand or sandy loam but occasionally rise to sandy clay-loam in the deeper
profiles. The phases have been recognised on the basis of colour.

2.1 THE RED-BROWN PROFILES
0 Dark reddish brown (5 YR 3/3) sandy loam
5 Reddish brown (5 YR 4/3) sandy loam
15 Yellowish red (5 YR 4/6) sandy loam
20 Ferruginous pan.

Profiles usually associated with pan outcrop and varying up to 30 cm deep.
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¢ 5. THE GREY PROFILES

0 Very dark greyish brown (10 YR 3/2) loamy sand
10 Dark grey (10 YR 4/1) sand

20 Grey (10 YR 5/1 - 10 YR 5/2) sand

40 Grey with some rusty mottles

50 Ferruginous pan

Profiles may vary from 30 to 90 cm in depth and sometimes do not have a
mottled sub-soil. Textures are always sandy.

23 THE YELLOW-BROWN PROFILES

0 Dark brown (7.5 YR 3/2) loamy sand

10  Brown (7.5 YR 4/3) loamy sand

20  Yellowish brown (7.5 YR 4/6) sandy loam

40  Bright yellowish brown (7.5 YR 5/6) sandy loam
50  Ferruginous pan

Profiles vary in depth up to about 60 cm and may be associated with pan
outcrop. Textures may be sand or loamy sand throughout; ferruginous gravel
sometimes occurs in the horizon above the pan; rusty mottles may be present in
lower horizons.

3.0 THE GENTLY UNDULATING SANDY TERRAIN

This land occurs mainly in the western part of the area where it forms the
interfluves between the shallow drainage lines. The soils are mainly sandy
throughout, with a weakly developed podsol profile, and with no pan within a
metre of the surface.

e.g.

0 Very dark grey (10 YR 3/1) loamy sand
5 Very dark greyish brown (10 YR 3/2) loamy sand
15 Dark greyish brown (10 YR 3/2) sand

40 Greyish brown (10 YR 5/2) sand

50 with brown mottles

70 Brown (7.5 YR 5/4) sand

90 with some dark grey-brown mottles

110 continuing.

Profiles may vary in colour of the lower horizons from brown to dark grey.
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4.0 THE GRAVELLY YELLOW EARTH SOILS

These are a minor group, occurring in only one mappable area, but occasionally
seen on the banks of the shallow drainage lines.

e.g.
0 Dark brown (7.5 YR 3.2) Loamy sand; slt fe gravel
10 Brown (7.5 YR 4/2) sandy loam; slight fe gravel
25 Yellowish brown (7.5 YR 5.4) sandy loam; slight fe gravel
40 with few yellow mottles
60 Yellowish brown (10 YR 5/6) sandy clay-loam slt. gravel
80 Brownish yellow (10 YR 6/6) sandy clay loam
100 continuing.

Profiles may vary in gravel content with some having no gravel; colours may be
brown (7.5 YR) throughout; mottling is usual in the lower horizons.

On the southern boundary two small areas (KA261, 256) have brown or red-
brown sandy clay subsoils; these and a small area just north of Strucels Road
(KA172) resemble the laterite soils which are common just north of the area.

5.0 THE DUNES AND HUMMOCKS

Theses are low mounds of sand, usually linear, occurring sporadically over the
area. They have a well developed podsol profile.

B
0 Dark greyish brown (10 YR 4/2) sand
15 Greyish brown (10 YR 4/2) sand
30 Light greyish brown (10 YR 6/2) sand
50 Grey (10 YR 6/1) sand
110 continuing with organic pan at 150-200 cm.

Profiles vary in depth to organic pan which may be at 70 cm. Also there may
be some brown mottles in the lower horizons.
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6.0 THE SWAMPS

These are shallow depressions which form part of the drainage system in a very
poorly drained landscape. The soils have in common a high water table (<1 m)
in May and would have free water during the greater part of the wet season.

The main soil is sandy throughout, sometimes with coarse grit, and with an
organic stained subsoil.

e.g.
0 Very dark grey (10 YR 3/1) loamy sand
10 Dark grey (10 YR 4/1) gritty loamy sand
30 Grey (10 YR 5/1) gritty sand
50 Brown (10 YR 5/3) gritty sand
70 Dark brown (10 YR 4/3) gritty sand
80 Water table

Profiles vary considerably in profile characteristics. Colours are sometimes very
bright (eg. 10 YR 6/8) in the subsoil; organic pan may occur within a metre;
Some swamps have a highly organic (peaty) surface and may have a loam or
sandy loam texture.

7.0 THE DRAINAGE LINES

These are broad and shallow and, though they are mainly swampy, most have a
defined water channel. In many cases the channel has eroded down to the
ferruginous pan. The soils are similar to those of the swamps (5).

e.g. .
0 Very dark greyish brown (10 YR 3/2) loamy sand
10 Dark greyish brown (10 YR 4/2) sand

30 Greyish brown (10 YR 5/2) sand

40 With some dark grey mottles

50 Dark brown (10 YR 4/3) sand (organic staining)
70 Dark brown (10 YR 3.3) sand

80 Water table

Profiles may vary in colour of subsoil (eg. 7.5 YR 3/2); textures may rise to
sandy loam; some profiles are gritty throughout.
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III-5
ANALYTICAL RESULTS

The results of the soil analyses and analytical methods are set out in Table III-
1. The results show generally that the surface soil (0-10 cm) has a fairly high level
of plant nutrients but this is probably associated with organic matter. Six of the
samples are sandy and one (no.7) is a sandy loam.

o

Reaction (pH) in CaCl, is very low throughout and reflects the influence of
organic matter in these unbuffered soils. The highest value is pH 4.6. The
values are near the critical lower levels for efficient operation of some
Rhizobium spp.

Organic matter. The levels of organic carbon and of nitrogen are very high
as would be expected under the clover pasture regime. The carbon-nitrogen
ration (about 20) is rather high and indicates that much of the organic
material is undecomposed.

Exchangeable cations. The total sum of cations is generally very low.
Exchangeable aluminium and calcium are the dominant ions and these are
closely associated with organic matter. Exchangeable aluminium levels are
not sufficient to cause toxicity.

Phosphorus concentrations are variable with three samples (2,3 and 6)
indicating that this element could be limiting to growth; three samples (1,4
and 5) have almost luxury levels. This difference may be due to different
practices by farmers, with some applying superphosphate in the autumn and
others in spring. A level of 5 ppm may be just adequate in a sandy soil
which has very low sorption capacity.

Potassium levels are-adequate or marginal but certainly not at luxury levels.
It is expected that potassium would be rapidly leached under the rainfall in
this area (about 980 mm, 9 months wet season, and 180 wet days). Also
most of the soils are waterlogged for several months each year.

Copper and Zinc. Analyses indicate that these elements have been added with

superphosphate and are adequate for plant growth and animal health. Sample
no.6 is the only one which may be marginal.
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TABLE III-1

Results of chemical analysis of Beenup soils

Sample no.
Determinand Unit 1 2 3 4 5 6 7
pH 42 41 39 43 38 40 46
OrgC Yo 24 36 46 28 30 32 25
N % 0.14 0.15 020 0.19 0.15 0.13 0.15
Al m.e./100g 0.65 005 0.05 065 02 01 0.15
Ca m.e./100g 15 53 61 24 34 41 20
Mg m.e./100g 03 08 09 045 04 08 06
Mn m.e./100g <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
K m.e./100g 005 015 015 0.1 0.05 0.05 0.1
Na m.e./100g 01 0615 02 015 01 01 015
P ppm 27 7 5 22 21 7 14
K ppm 35 56 58 49 23 31 30
Cu ppm 16 18 15 30 18 05 08
Zn ppm 7 12 10 24 15 05 14
Sample no. Soil type

Type 1c - shallow sands over iron pan

Type 2 - deep grey sands

Type 2 - deep grey sands

Types 1b and 1 ¢ - shallow sands over iron pan
Types 1lc and 2 - deep and shallow sands

Types Ic and 2 - deep and shallow sands

Type la - shallow red-brown sandy loam

NN DN B W



Methods:

pH (CACl,)
OrgC (W/B)
N (total)

Al (BaCl,)
Ca (BaCl,)
Mg (BaCl,)
Mn (BaCl,)
K (BaCly
Na (BaCl,)
P (HCO,
K (HCO)
Cu (AmOx)
Zn (AmOx)

pH (1 : 5 in O.1IM CaCl,

Organic Carbon C, Walkely and Black method
Nitrogen N, total
Aluminium Al, extracted in 0.1 BaCl,
Calcium Ca, extracted in 0.1M BaCl,
Magnesium Mg, extracted in 0.1M BaCl,
Manganese Mn, extracted in 0.1M BaCl,
Potassium K, extracted in 0.1M BaCl,
Sodium Na, extracted in 0.1M BaCl,
Phosphorus P, extracted in 0.5M NaHCO, (1:100)
Potassium K, extracted in 0.5M NaHCO, (1:100)
Copper Cu, extracted in 0.2M ammonium oxalate
Zinc Zn, extracted in 0.2M ammonium oxalate
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HYDROLOGY AND HYDROGEOLOGY
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IV-1
HYDROLOGY AND HYDROGEOLOGY
by

Mackie Martin & Associates Pty. Ltd.

1.0 BACKGROUND

The mining of mineral sands most commonly involves dredging operations below
the water table. Source water for such operations is derived almost entirely
from porous storage within coastal sand deposits - excavation initiates
seepage and as the pond is deepened, lateral inflows occur from more
permeable sand horizons thus maintaining a ponded water level.

Exposure of the groundwater table to the environment provides a mechanism for
rainfall and runoff to add water to dredge ponding, resulting in a rise in pond
levels and flow back into aquifer systems due to the increased water heads.
Conversely, the process of evaporation tends to act like a pump on the
aquifer, resulting in a loss of water. As a result, the hydrodynamics of a
dredging scheme are constrained by numerous variables including rainfall,
evaporation, seasonal change, aquifer hydraulics, dredge pumping etc.

Mackie Martin & Associates (groundwater engineers & earth scientists) have
been commissioned by Lewis Environmental Consultants on behalf of Mineral
Deposits Limited to undertake an assessment of the hydrologic systems in
the immediate vicinity of Beenup. Of particular importance to this study is the
measurement of prevailing conditions and the likely impact of mining. In
order to address these issues, it has been necessary to review the regional
geology and local stratigraphy, identify surface and groundwater mechanisms
and to develop a computer based model to explore the impact of dredging and
t0 assess management options,

2.0 LOCATION AND GEOLOGICAL SETTING

The proposed mine site is located some 17 km northeast of Augusta in the
south west region of Western Australia. This area falls within the Scott Coastal
Plain, an extensive undulating plain comprising alluvial sands and silts deposited
by the migration of the Blackwood and Scott Rivers in the course of geological
evolution (see Figure IV-1). Changing flow and depositional cycles together
with a prograding coastline combined to develop an intercalated sequence
ranging from clays and silts to coarse sands.
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Sediment succession is thick and ranges in age from Palaeozoic to Recent with
a sequence of Pleistocene (or Late Tertiary) to Holocene dune and fluvio/shoreline
deposits included. Heavy minerals are associated with fluvial deposits.

2.1 LOCAL STRATIGRAPHY

Over the course of site investigations undertaken by MMA, a total of 21 shallow
exploratory piezometer sites were drilled (MMA series) and 14 test pumping
bores were drilled (BTX series). Locations of drill sites are included on
Figure IV-1.  These bores, in addition to the BHP stratigraphic drilling
(labelled with KE prefix) have helped define the local geology.

In the vicinity of the proposed mine site the stratigraphy comprises mostly silty
and fine grained sands with occasional very coarse sand lenses, all dipping
gently towards the coast. Continuity of layers can be mapped locally but on a
more regional scale, both the intercalated nature and the likelihood of facies
changes making recognition difficult.

Natural gamma emission geophysical logs obtained at groundwater exploration
bore sites clearly show the variability of silt and clay materials.

Surficial units to depths of about 5 metres are generally more silty and indurated
although neither the silt nor the induration (coffee  rock) shows regional
continuity.

3.0 HYDROLOGIC SYSTEM

Components of the local hydrologic system include surface waters (rainfall and
runoff) and subsurface waters held in aquifer storage (infiltration and
groundwater). Both are intimately connected with rainfall infiltration providing
seasonal recharge to the aquifers, and groundwater migration slowly toward the
rivers where riverbank seepage returns groundwater to the surface water system.

The hydrologic budget pertaining to dredging operations necessitates a
consideration of rainfall, infiltration and runoff, dredge pond pumping, wet plant
water usage and infiltrated returns (beneath tailings and slimes), evaporation,
and aquifer recharge and losses through natural processes. Each component is
discussed below.
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3.1 RAINFALL AND RUNOFF

The region receives an average annual rainfall of about 1000 mm with most
rains occurring during the winter months from May through September. In
summer months high evaporation rates exceed rainfall by a significant margin.

Rainfall data are presented for 5 regional gauging stations at Figure IV-2. These
locations include Alexandra Bridge, Cape Leeuwin, Manjimup, Margaret River
and Springfield (Augusta). A regular seasonal cycle is observed as well as
predictable yearly maximums and minimums (relatively low variance). High and
low rainfall years are correlated through all stations (eg. 1970, 1974, 1988).

The areal variability of rainfall data has been assessed statistically by correlating
individual station data on a monthly basis; a correlation matrix has been
calculated and is provided in Table IV-1. A correlation coefficient of 1.0 indicates
maximum similarity as is expected when a station is correlated against itself
(identical data). A value of 0.5 suggests low correlation. Figure IV-3
presents a scatter diagram of monthly rainfalls for the Cape Leeuwin and
Alexandra Bridge gauging stations. Variations in rainfall volumes received at each
station are mostly indicated above 75 mm/month.

TABLE IV-1

Rainfall correlations for 5 gauging stations

Rain gauge Cape L. Alex Br. Manjimup Marg. R. Spring
Cape L. 3 1.0 0.94 0.90 0.95 0.94
Alex. Br. 3 1.00 0.91 0.99 0.93
Manjimup 3 1.00 0.92 0.95
Marg. R. 3 1.00 0.93
Spring. 3 1.00

Correlation coefficients for the period 1970 - 1989

Reference to Table IV-1 indicates that all coefficients are greater than 0.9 while
Alexandra Bridge and Margaret River show almost identical records with a
coefficient of 0.99,

Whilst gauging data are unavailable for the proposed minesite, the high correlation
of regional rainfall data and the proximity of the Alexandra Bridge gauging
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station suggest that similar rainfalls will be received within the general mine site
area. Accordingly, Figure IV-4 presents the expected mean seasonal distribution
of rainfall and evaporation.

Reference to this plot and in particular, the almost inverse relationship between
rainfall and (potential) evapcration, suggests rainfall will exceed evaporation only
for the pertod May through September.

A graph of the relationship between rainfall intensity, frequency and duration
(IFD) has been generated for the area and is provided as Figure IV-5 (LE.A.,
1987) for design purposes. Expected catchment flows (through the mine area)
for a 1 in 50 year recurrence interval calculated from this graph are included as
Table IV-2.

TABLE IV-2

Catchment yields for a 1 in 50 year storm recurrence

Duration Intensity Volume Catchment Total

(hrs) (mm/hr) (Ml/ha) (Ml x 102)
0.5 58 0.29 5.51

1.0 36 0.36 6.84

2.0 23 0.46 8.74

3.0 17 0.51 9.69

6.0 12 0.72 13.68

12.0 1.3 0.87 16.53

Catchment area is calculated at 1900 ha.

High intensity events occurring during winter periods are likely to translate into.
runoff, whilst during summer and autumn such events would be infiltrated through
relatively dry surface sands and runoff is likely to be minimal.

32 EVAPORATION

Evaporation exceeds rainfall (on average) during the period October to April with
December through February typically exhibiting high potential evaporation.

Figure IV-4 shows mean monthly evaporation figures for the area. These data
are calculated from actual evaporation isohyets supplied by the Commonwealth
Bureau of Meteorology which are based upon available Class A pan evaporation
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data. Pan estimates are often higher than observed rates for lakes and ponds.
This is due to the relatively low capacities and shallow depths of pan devices.
Corrections have been applied to attain the expected actual evaporation presented
in Figure IV-4.

33 INFILTRATION

Figure IV-6 illustrates the difference between rainfall and evaporation on the
yearly cycle. Clearly net accessions to the regional water table will occur in
winter. With the onset of rains, the water table can be expected to rise rapidly.
The prevailing groundwater levels are generally measured within 1 or 2 metres
of surface and levels can therefore be expected to break surface and initiate
runoff. This is consistent with field observations, the rapid rise being attributed

to the presence of relatively silty and low porosity, low permeability material near
surface.

Shallow perching of groundwater is noted to occur in areas of induration (coffee
rock). These iron cemented layers are restricted in areal extent and act as a
temporary base to infiltrating rainfall. In regions dominated by relatively
permeable sands, water table accession is more pronounced. Rainfall infiltration
will cease when the shallow formations become saturated and the water table rises
to the surface. This results in large areas of ponding and inundation, leading to
runoff along existing drainage patterns. This can persist until late spring. The
whole system serves to re-distribute surface (and subsurface) waters through
a process of runoff and re-infiltration down grade.

Monitoring of the water table has been conducted during the period May 1988
to January 1990 to assess the extent of fluctuations in response to rainfall. Figure
IV-7 indicates typical responses where rises of about 1.5 metres are generally
observed over most of the area; piezometer measurement locations are shown on
Figure IV-1. This data, together with more extensive water table data collected
at numerous shallow bore sites during May 1988, has been used to interpolate the
prevailing water table geometry. Figure IV-8 illustrates this geometry where a
mounding is seen to occur in the north east part of the area. This region has
little or no developed drainage and represents a topographical divide between the
Blackwood River to the north (and west) and the Scott River to the south.
Subsurface flows are inferred outward from this area towards the rivers with the
latter acting as regional hydraulic sinks, accepting and transporting seepage and
runoff (see schematic arrows on Figure IV-8).

The volume rainfall acceding to the water table is controlled by several factors
including the porosity and permeability of shallow materials, the depth to the
water table, the extent of rainfall and the rate of evaporation. Typical seasonal
water level variations of 1.5 metre are noted across the site. Assuming a
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maximum effective porosity of 5% for shallow clean sands, this rise corresponds
to an infiltration rate of about 6% of total rainfall.

Areas of very silty sand and areas of induration would offer lower permeability
and porosity and hence infiltration is expected to be significantly less in these
areas (as low as 1%) while runoff will be much higher.

4.0 AQUIFERS

Water enters the hydrogeologic system as rainfall, migrates through it under
hydraulic grades defined by the water table, and departs the system as surface
runoff or as riverbank seepage along the Blackwood and Scott Rivers.

Aquifers through which groundwater migrates provide intergranular storage in sand
and silty sand units to depths in excess of 50 metres. Storage and permeability
differ both vertically and horizontally however the system tends to act as a single
unconfined aquifer with the upper surface (water table) at atmospheric pressure.
Continuity in the curvature of the water table (as measured and presented in
Figure IV-8) also suggests a single aquifer. Localised confinement by overlying
more clayey layers may produce a discrete increase in aquifer pressures.

4.1 WATER QUALITY

Surface and groundwater quality in the region has been monitored over the
period May 1988 through January 1990. Data have been collected from the
Blackwood and Scott Rivers, 15 shallow monitoring bores and from 12 completed
exploration bores. Sample locations are given on Figure IV-1. Additional chemical
data have been compiled during drilling and test pumping operations.

All samples have been analysed for pH and conductivity, with complete analyses
having been carried out on samples collected from the exploration bores. A
summary of trends and surface/subsurface water characteristics are discussed in this
document.

Surface water monitoring has been undertaken at two locations. Blackwood River
samples were collected from Alexandra Bridge, and samples from the Scott River
at Brennans Bridge. The Alexandra Bridge water is dominated by tidal
influence and as a result the recorded salinity ranged up to 18000 mg/l,
approximately half that of sea water. Water Authority records have been sourced
and a gauging point at Darradup selected as being more representative of river
water quality. Representative analysis of stream water samples are presented in
Table IV-3.
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TABLE 1V-3

Water sample analyses from Blackwood and Scott Rivers

Blackwood River Scott River
(Darradup) (Brennans Bridge)

pH 7.7 6.2
Cond. (fs/cm) 3080.0 223.0
TDS (mg/l) 1803.0 129.0
Ca  (mgh) 42.0 5.0
Mg (mg/l) 95.0 4.0
Na (mg/) 474.0 32.0
K (mg/l) 6.0 2.0
HCO® (mgh) 146.0 15.0
SO*  (mg/) 53.0 11.0
NO® (mgh) 0.36 1.0
PO*  (mg)) 0.02 not detected
Cl  (mgh) 979.0 55.0
SiIO* (mg/) 8.0 2.0

Note: Darradup is located approximately 40 km upstream of Sues Bridge
These results confirm brackish water in the Blackwood River and good quality
water in the Scott River. The difference in water quality is mainly a function
of land clearing for agriculture. The Blackwood catchment has had extensive
development upstream, while the Scott River water quality reflects minor
catchment clearing. As a consequence, water quality in the Scott River is
considered to be more significant in terms of project constraints.

Comprehensive records of stream salinity are presented for both rivers. Figure
IV-9 plots total salt annual variation from 1955 until 1989. The impact of land
clearing is clearly evident on the water quality in the Blackwood River. The
period up to 1975 demonstrates a moderate rise in flow weighted average total
salt concentration to 1500 mg/l, followed by a marked increase to 3500 mg/l
between 1976 and 1989. This rise correlates with additional clearing in respect of
sub-catchments to the Blackwood.

In comparison, the Scott River demonstrates a consistently low salinity trend
between 1969 and 1989.

Aquifer waters show minor variability in salinity and total chemistry.
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Groundwater samples obtained during construction of test bores indicate some
variation in salinity in the vertical plane with discrete thin zones giving
increased concentrations locally. This reflects hydraulic variations in lithology.
Sections of moderate to high hydraulic conductivity are characterised by low
salinity waters, while less permeable sections produce a groundwater with slightly
higher salinity.

The bulk water quality yielded during test pumping is characterised by a low
salinity groundwater. This has been confirmed by detailed measurement of salinity
during test pumping. Table IV-4 presents a time series of total salts (salinity)
during test pumping at bore BTX2. Bores BTX3 to BTX6 returned similar trends.

TABLE 1IV-4

Variation in total salt, pH and temperature during pumping at
BTX2

Pumping time Salinity pH Temp.

(Minutes) mg/l C
20 540 35 1835
50 527 3.6 185

140 520 36 185
292 514 56 185
410 507 S0 IRS
533 520 51 185
1020 507 58 185
1501 488 6.8 185
3015 472 6.0 185
4038 478 6.6 185
5454 475 39 185
6024 475 64 185
7357 475 62 185
8581 . 470 6.3 185

Groundwater samples were collected from 12 exploration bore sites during the
course of field studies. These waters were submitted to NATA registered
laboratories for determinations of a complete range of ionic and radiometric

species.
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Results are summarised in Table IV-5.
In addition to the analytical results provided in Table IV-5, a comprehensive

suite of minor and trace elements were determined. These are presented in Table
IV-6.
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Summary of water sample analyses from 12 bore sites
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Sample Point pH Cond. TDS Ca Mg Na K BCO3 Ccl S04 NO3 Fe Gross Gross Gross beta
and date alpha beta (K corrected)
BHP Nov 88 6.1 520 210 23 9.3 72 3.4 26 130 6.6 .5 11.0

Nov 88 6.1 520 260 2.2 9.8 71 3.3 27 120 6.8 3.0 13.0
BTX1 May 89 5.9 316 282 1.9 6.3 56 7.0 24 105 8 1.2

Jan 90 3.7 238 266 5.4 9.8 24.6 6.6 24.6 46 16.6 0.26 180 840 645
BTX2 May 89 5.5 787 541 3.0 21.5 141 7.2 24 290 16 0.8

Jan 90 5.8 871 536 3.8 22.0 138 Tl 275 265 19.1 0.9 <0.3 <100 940 730
BTX3 May 89 5.8 373 209 1.5 7.0 67.5 6.0 30 130 4 0.4

Jan 90 5.9 413 247 6.3 11.8 58.1 7.6 51.5 106 8.5 <0. 0.6 200 790 565
BTX4 May 89 5.7 382 259 1.8 9.0 69 4.5 25 140 10 1.1

Jan 90 5.5 477 267 1.6 10.0 73.9 4.8 22.1 135 7.0 <0.1 <0.3 140 570 428
BTX5 May 89 547 355 293 19 3 66.5 6.9 30 115 15 0.8

Jan 80 3.7 409 315 12.3 14.9 29.3 10.5 40 62 39.0 1.45 <100 770 459
BTX6 May BY 5.6 358 211 147 8.0 64.5 3.2 20 125 6.0 0.8

Jan 90 5.4 430 190 12.1 8.8 65.6 3k 173 118 6.6 <0.1 0.04 <100 550 458
BTX7 Jan 90 5.6 633 360 357 155 81.2 12.9 178.5 148 67.6 <0.1 <0.03 <100 1100 718
BTX8 Jan 90 5.5 683 436 17.0 12.6 68.3 55.1 9.0 138 08.0 23.0 <0.03 660 4500 2869
BTX9 Jan 90 5.4 460 243 0.9 8.3 66.5 5.6 31.2 120 14.4 <0.1 4.80 <100 380 214
BTX10 Jan 90 5.4 401 244 4.8 11.8 55,5 2.7 ALk 104 33.0 <0.1 0.80 <100 370 290
BTX11 Jan 90 5.0 326 206 0.7 4.6 53.3 5.0 7.0 98 2.7 =<0, 1 0.06 260 690 542
BTX12 Jan 90 Su3 321 157 2.6 7.4 47.5 4.4 8.2 90 13.7 <0.1 1.94 150 440 310
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TABLE IV-6

Chemical analyses of minor and trace metals

Sample Ag Al As Ba cd Co Cr Cu Fe Mn Mo Ni Total P Pb Y 7n

Point mg/l mg/l  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/1 mg/1 mg/1 mg/l mg/1 mg/1
BTX1 <0.01 0.256 <0.03 <0.02 <0.01 <0.01 <0.01 <0.02 0.26 0.01 <0.02 <0.02 6.00 <0.02 <0.02 <0.02
BTX2 <0.01 <0.05 <0.03 0.18 <0.01 <0.01 <0.01 <0.02 <0.03 0.32 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX3 <0.01 <0.05 <0.03 0.05 <0.01 <0.01 <0.01 <0.02 0.60 0.10 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX4 <0.01 <0.05 <0.03 0.10 <0.01 <0.01 <0.01 <0.02 <0.03 0.29 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX5 <0.01 0.40 <0.03 <0.02 <0.01 <0.01 <0.01 <0.02 1.45 0.03 <0.02 <0.02 8.10 <0.02 <0.02 <0.02
BTX6  <0.01 <0.05 <0.03 0.05 <0.01 <0.01 <0.01 <0.02 0.04 0.20 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX7 <0.01 0.25 <0.03 0.12 <0.01 <0.01 <0.01 <0.02 4.80 0.14 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX8 <0.01 <0.05 <0.03 <0.02 <0.01 <0.01 <0.01 <0.02 <0.03 0.12 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX9 <0.01 0.15 <0.03 0.06 <0.01 <0.01 <0.01 <0.02 0.80 0.12 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX10 <0.01 <0.05 <0.03 <0.02 <0.01 <0.01 <0.01 <0.02 0.06 0.02 <0.02 <0.02 <0.05 <0.02 <0.02 <0.u2
BTX11 <0.01 0.50 <0.03 0.07 <0.01 <0.01 <0.01 <0.02 1.94 0.10 <0.02 <0.02 <0.05 <0.02 <0.02 <0.02
BTX12 <0.01 <0.05 <0.03 0.06 <0.01 <0.01 <0.01 <0.02 <0.03 0.17 <0.02 <0.02 <0.05 <0.02 <0.02 <0.062

TT-AI
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All samples indicate good quality groundwater of low salinity,

consistent with rainfall origins and dominant in sodium chloride and bicarbonate.
BTX2 and BTXS8 exhibit higher TDS values than most other samples and may
be influenced by a more discrete zones of lower permeability material where
waters have extended residence times.

Comparison with National Health and Medical Research Council guidelines for
drinking water quality in Australia, suggests that all groundwaters are generally
suitable for potable purposes. Iron levels are relatively high in almost half of
the groundwater samples and would require treatment if the water was intended
for domestic purposes. The guidelines are tabulated and presented as Table IV-7
for further reference.

TABLE IV-7

Guidelines for drinking water quality

Constituent Acceptable

Quality

pH 6.8 - 85
TDS 1000
Ca o
Mg 50
Na 300
Fe 0.3
Mn 0.1

Cl 400
SO, 400
NO, 45
F 1 approx
Zn 5
Cr 0.05
Cd 0.005
CN 0.1
As 0.05
Pb 0.05
Hg 0.001
Se 0.01
Al 0.2
Cu 1
Ba 1

Ag 0.5
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Guidelines For Drinking Water Quality in Australia (1987) - NH & MRC
Concentrations in mg/l except pH

A number of comments are applicable to these analytical results.

. Groundwater quality is consistent over time and, as expected, does not
exhibit marked seasonal variations. The aquifer system is recharged
annually by rain water which rapidly infiltrates to the groundwater
system. As a result groundwater quality both locally and regionally
will not be impacted by mining operations.

No surface waters will be released from any area actively being mined,
ensuring no discharge of process water to the Blackwood or Scott
Rivers.

Iron levels are relatively high and would require treatment if the water
was intended for domestic purposes. The groundwater will only be
used during the mining cycle and as such it would be expected that
the iron will naturally oxidise and precipitate as ferric hydroxide
within the dredge pond or tailings areas. This process occurs as the
reduced iron (ferrous state) combines with oxygen from the atmosphere.

Gross alpha and gross beta emissions for samples BTX1 to BTX12
display a range of values, consistent with groundwater sourced from
a mineralised zone. Gross beta values are only detectable to a limit of
370 mBq/l and require correction for potassium content. Once these
features are taken into account (Table IV-5), the levels reduce close to
a nominated value recommended for drinking water by the NH&MRC
guidelines (<100 mb/l). However as this water is not being used as a
potable source of supply, the guidelines are rather arb1trary They do
however illustrate the radiation levels naturally occuring in regional
aquifer systems. The radiation may be sourced from remnant thorium,
deposited in hydrolyzate sediments. As this element is relatively stable
in the natural decay sequence, the measured values are considered to
represent the solubility constraints of the mineral.

Nitrate values from bores BTXI1, BTXS5 and BTX8 (sampled in
January 1990) are above background levels. This may be attributed
to localised agricultural contamination or to reduced species in the
natural organic materials. As the pH is low for those samples
exhibiting high nitrate levels, the latter source is most likely.

LEWIS ENVIRONMENTAL CONSULTANTS
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Total phosphorus is generally low except in BTX1 and BTXS.
Recorded values are 6 and 8.1 mg/l respectively. Both bores are
located at the same site, indicating that localised agricultural fertiliser
contamination is the most probable source.

4.2 AQUIFER PROPERTIES

Aquifer hydraulic properties differ between the cleaner sands and the more silty
sections. Typical hydraulic conductivity values of 5 to 30 m/day can be
expected for clean sands while values as low as 0.0005 m/day are likely in the
shallow indurated and cemented zones as well as the deeper silt beds. Hydraulic
conductivity determined from pumping tests will reflect the average (or bulk)
permeability over the tested interval (which will correspond to the screened
section).

Bore testing has been conducted at 13 locations to assess the likely water
transmission capacity. These tests have involved  pumping at constant
abstraction rates with simultaneous measurement of the decline in the water table
(conventional pumping tests), followed by observation of the rate of recovery of
water levels. Results have been analysed using computer based sensitivity analysis
techniques (MMA; 1988 and MMA 1989) and are summarised in Table IV-§.

Pumping tests indicate a bulk conductivity of about 1.0 m/day and a specific yield
of about 0.007 (0.7% effective porosity). In an hydraulic sense, these
parameters indicate that water is not yielded or transmitted easily through the
aquifer. Although some sections of clean sands were encountered in most test
bores, measured hydraulic conductivity confirms their discontinuous nature and
the presence of finer silt and clay size material throughout the profile. Induced
depressurisation from boreholes, dredge ponding etc. will be restricted in radius
of impact. Conversely, water table response to infiltration (a function of the
porosity) will be rapid.
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In addition to field hydraulic testing, a number of aquifer samples have been
tested using falling head permeameter apparatus (flood compaction). Results are
presented in Table IV-9.
TABLE IV-8

Summary of aquifer hydraulic properties

Bore Depth Pumping Transmiss. Bulk Estimated

Rate Perm. Storage
(m) (kl/day) (kl/day/m) (m/day) Coefficient
BHP 58.0 215 90.0 0.4 0.013
BTX1 20.0 95 Tel 0.9 -
BTX2 24.5 345 45.6 1.9 -
BTX3 24.0 86 6.9 23 -
BTX4 41.0 270 34.5 1.6 0.002
BTX5 41.0 310 . 529 2:5 0.003
BTX6 58.0 400 9.8 0.2 0.003
BTX7 28.0 3 >0.6 0.02 -
BTX8 254 7 19.3 0.8 -
BTX9 215 11 3.2 0.2 -
BTX10 19.0 4 >1.1 0.06 -
BTX11 21.0 6 >0.5 0.02 -
BTX12 25.4 3 0.4 0.02 -

Transmiss. = transmissivity,
Bulk perm = Bulk permeability

LEWIS ENVIRONMENTAL CONSULTANTS
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TABLE IV-9

Summary of permeameter testing on discrete samples

Bore Depth Permeability Sample
(discrete) Composition
(m) (m/day)
BTX7 9.0 1.6 SAND: fine, well sorted
BTX7 12.0 2.2 SAND: fine, well sorted
BTX7 17.0 0.6 SAND: fine, some clay
BTX7 22.0 16.2 SAND: medium to coarse
BTXS 9.0 5.8 SAND: fine to medium
BTX8 11.0 1.3 SILT: fine to medium
BTX3 15.0 1.1 SILT: with clay
BTX3 16.0 15.5 SAND: medium to coarse
BTX3 18.0 S SAND: medium to coarse
BTX3 22.0 | SAND: fine to medium
BTX09 14.0 1.0 SAND: fine to coarse
BTX9 27.0 45.0 SAND: fine to coarse
BTX10 13.0 0.8 SILT: and v.fine sand
BTX11 14.0 10.7 SAND: fine to v.coarse
BTX11 24.0 4.6 SAND: medium to
v.coarse
BTX12 4.0 233 SAND: silty in places
BTX12 10.0 0.5 SILT: clayey + minor
sand
BTX12 14.0 TS SAND: medium to
v.coarse
BTXI12 19.0 4.1 SAND: fine to coarse
BTXI12 22.0 27.0 SAND: medium to coarse
BTX12 25.0 34.9 SAND: medium to coarse

Falling head permeameter apparatus used for testing.

Permeameter testing has been conducted for reconstituted (disturbed) samples
under flood compaction. Results are therefore considered to reflect the absolute
maximum hydraulic conductivity possible and in sitw values will be lower due to
overburden pressures and increased density/compaction. Tests indicate values in
the range 0.5 to 45 m/day with a mean value of 11 m/day. Higher values
(more permeable sections)
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correspond to cleaner coarse sand horizons while lower values equate to silty
sands and silts.

Permeameter testing has been conducted for reconstituted (disturbed) samples under
flood compaction. Results are therefore considered to reflect the absolute
maximum hydraulic conductivity possible and iz situ values will be lower due to
overburden pressures and increased density/compaction. Tests indicate values in
the range 0.5 to 45 m/day with a mean value of 11 m/day. Higher values
(more permeable sections) correspond to cleaner coarse sand horizons while lower
values equate to silty sands and silts.

5.0 GEOHYDROLOGY OF MINING

Dredging operations require a pond of sufficient size to support the dredge and
wetplant, and with sufficient area to permit efficient dredge advance working both
the shallow and deeper horizons. The volume of water retained in the pond
must also provide adequate storage capacity to meet plant demand. The operation
of this pond, the maintenance of water levels and the management of
groundwaters depend intimately upon the aquifer system and upon prevailing
seasonal weather conditions.

34 DREDGE POND WATER CIRCUIT

A dredging system with submerged reach of up to 50 metres will draw sand and
silt material into the wet plant together with raw pond water. After processing,
coarse tails will be dispatched to a tailings area at the side of the pond while
fines will be dispatched to a slimes pond. Pumping of slurry and process water
by the dredge and loss of water in production of concentrate, initiates a fall in
pond levels as water is withdrawn from storage. This subsequently induces a
differential head between the pond and the aquifer which in turn induces flow
from aquifer storage into the pond and lowers the local water table. The
lowering of the water table occurs with an exponential gradient away from the
pond perimeter ie. steep gradients adjacent to the pond and shallow gradients in
more distant areas. When the- plant is shut down, the pond will initially continue
to make water from the aquifer, and via water return from tails and slimes.
Additional return from tailings/slimes after the pond level reaches the local water
table will create a positive pond head, forcing flow back into the aquifer.

In the tailings area, process water will be returned to the pond via direct
runoff and via vertical seepage through the tailings material. In the slimes area,
process water will be permitted to still and fines (clay and silt size particles)
will settle to the bottom of the pond thus developing a relatively impermeable
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membrane and inhibiting vertical seepage. Cleaner waters will be decanted and
pumped back to the dredge pond.

Approximate pond dimensions, exposed tails and slimes areas together with

water consumption figures for the proposed operation may be summarised:

Typical pond area = 20 to 40 ha
Proposed slimes area = 5 ha
Expected tails area = 15 ha

Dredge uptake & raw water = 9.51 Megalitres per hour (Ml/hr)

Pond return (from wet plant) = 1.77 Ml/hr
Tailings = 4.27 Ml/hr
Slimes = 3.43 Ml/hr

Water loss to concentrate = 0.03 Ml/hr
In addition to these volumes, further gains and losses to the system can be
expected through rainfall and runoff:

Winter water loss to evaporation = 0.02 Ml/hr
Summer water loss to evaporation = 0.10 Ml/hr

Water gain from winter rainfall 0.13 MUhr
Water gain from summer rainfall = 0.02 Mlhr

The above figures serve to identify those components of the water budget which
are likely to have greatest impact on the aquifer system. The process of
production of concentrate consumes a predictable volume of water but greatest
gains and losses to the operation are mostly attributed to the processes of
rainfall and evaporation, both of which, are constrained by the physical
dimensions of ponding and slimes/tails areas and by the seasonal conditions.

52 REGIONAL IMPACT

A computer based numerical model allows accurate simulation of expected
conditions and assessment of the impact of changing hydrogeological parameters
(incorporating spatial and temporal variability).

A distributed parameter finite element type scheme has been adopted (AQUIFEM,
Wilson et.al. 1979) for the purpose. Using this approach, the region has been
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discretised into a number of triangular elements each capabl of simulating
rainfall infiltration, aquifer transmission properties, and the lowering of pond water
levels. These are assembled into a regional grid comprising 1003 triangular
elements described by 535 nodes at their respective vertices, illustrated in Figure
IV-10.

The finite element mesh is graded from coarse elements representing regional
conditions to a finer mesh in the areas requiring greater detail over the
proposed mine site. Within the mine site the mesh has been designed to evaluate
groundwater management options around the perimeter (finer elements) whilst
maintaining sufficient detail at dredge pond locations.

Southern and western boundaries of the modelled area have been located along
the Scott and Blackwood Rivers respectively and nodes have been assigned
constant piezometric head (ie. surface water levels are not expected to change
significantly with time in response to tidal and or seasonal influences).

To the east and north, the nodes are either rising stream boundaries (surface
water flow is generated from these nodes when the water table reaches surface)
or regional flow line (streamline) boundaries where aquifer flow may occur along
(parallel to) the boundary but not across it. In calibrating the model to simulate
prevailing field measured conditions, the expected average aquifer properties have
been assigned to each element, ie.;

Hydraulic conductivity
Specific yield

= 1 m/day,

= 0.007.

An aquifer base has been assigned at approximately 50 metres below ground level
with the water table fluctuating at atmospheric pressure. Groundwater influx
to maintain the hydraulic gradients measured in the area (Figure IV-8) is
supplied by infiltrating rainfall. The net recharge to the shallow aquifer system
has been adjusted in the model to obtain agreement with the measured water table
geometry, having regard for seasonal variation in rainfall and evaporation.

Figure IV-11 illustrates modelled regional water table contours for early winter
conditions. A mounding occurs in the north eastern part of the area and
subsurface flows are directed towards the rivers. Contours reasonably equate to
field measured conditions shown on Figure IV-§.

Figure IV-12 indicates modelled seasonal fluctuation in the water table for
selected monitoring bore sites. Water levels are observed to rise rapidly with the
onset of winter rains and in areas along drainages, the levels break surface,
runoff is initiated and infiltration no longer occurs. The calibration process
indicates that prevailing infiltration rates are of the order of 2% of rainfall in

LEWIS ENVIRONMENTAL CONSULTANTS



IV-20

autumn and early winter, falling to almost zero by early spring as the water table
rises and runoff peaks.

Individual monitoring bore data presented in Figure IV-12 suggests groundwater
fluctuations are matched by the numerical model, however some discrepancies
in absolute levels are noted. The initial water level recorded at MMASY9 is
approximately 1.3 metres below the simulated level for May 1988.  This
corresponds to the influence of initial conditions in the numerical model, with
simulated levels matching monitoring data over the second half of the 18 month
calibration period. Absolute levels are a function of local aquifer conditions while
numerical results will be affected by the local grid definition. Given the
reasonable match between regional groundwater contours and seasonal trends it
may be assumed that the numerical model reliably emulates the water balance and
response to groundwater fluxes.

6.0 IMPACT PREDICTION

The model has been used to assess likely impact of mining operations on the
regional water table. As noted previously, net gains to the water table will occur
from rainfall (and runoff) entering the dredge pond or infiltrating through shallow
sands while losses will occur mainly through evaporation from exposed water
surfaces (pond, slimes and tails) and concentrate production.

The impact of dredging operations on the hydrogeologic system, is seasonally
dependent.

Table IV-10 summarises the pond water balance under average rainfall and
evaporation assuming a 30 hectare pond size. Rainfall is translated into
monthly water gains in the system while evaporation is translated into monthly
water losses. Calculated pond level changes assume minimal time lag in return
of tailings and slimes waters to the dredge pond.

Zero balance of the pond water budget occurs at the end of April and in
September ie. the cumulative processes of rainfall, evaporation and process water
usage are balanced.

During average summer (deficit) months, evaporative and process water losses
amount to 432 Ml. This corresponds to a maximum fall in the pond level (30
ha) of less than 0.3 metres per month as indicated in the last column. Over
winter months, only 160 Ml is contributed directly from rainfall after accounting
for process water and thus, an imbalance of 272 Ml prevails. This volume is
almost equivalent to the total annual losses from concentrate production -
estimated at 288 MI. This net annual loss of water (estimated for average
rainfall and evaporation) corresponds to a pond elevation change (decline) of
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0.91 metres. Offsetting this pond decline will be groundwater inflow to the
pond. Thus on average, the actual annual pond water level decline, without
makeup water, would be less than 0.91 metres.

Predicted water level decline has been calculated from the numerical model,
assuming groundwater is removed from the dredge pond as a function of the
net evaporative loss (Table IV-10). At the end of summer, the total decline
is less than 0.4 metre, with impact confined well within one kilometre of the
dredge pond. Figure IV-13 shows the location of the 0.1 metre water level
decline contour prior to the onset of winter rains.
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TABLE IV-10

Pond seasonal water balance for shallow dredging operations

Mean Pond Tails Slimes Regional Pond Tails Slimes Total Change
Month Regional Volume Volume Volume Evap. Volume Volume Volume Concentrate of in Pond

Rainfall Exceas Excess Excess (Potential) Loss Loss Loss Losses Fluxes Level

(mm) (ML)  (M1)  (M1) (mm) (M1) (ML) (ML) (M1) (ML) (m)

Jan 17 5.10 2.55 0.85 140 42.00 21.00 7.00 24,00 -85.50 < -0.28
Feb 16 4,80 2.40 0.80 130 39.00 19.50 6.50 24.00 -81.00 < =027
Mar 30 9.00 4.50 1.50 110 33.00 16.50 5.50 24.00 -64.00 < -0.21
Apr 63 18.90 9.45 3.15 65 19.50 9.75 3.25 24.00 -25.00 < -0.08
May 145 43.50 21.75 7.25 50 15.00 7.50 2.50 24.00 23.50 < +0.07
Jun 183 54.90 27.45 9.15 25 7.50 3.75 1.25 24.00 55.00 < +0.18
Jul 187 86.10 28.05 9.35 25 7.50 3.75 1.25 24.00 57.00 < +0.19
Aug 138 41.40 20.70 6.90 40 12.00 6.00 2.00 24.00 25.00 < +0.08
Sep al - 27.30 13.65 4.55 50 156.00 7.50 2.50 24.00 -3.50 < -0.01
Oct 69 20.70 10.35 3.45 80 24.00 12.00 4.00 24.00 -29.50 < -0.10
Nov 37 11.10 5.55 1.85 100 30.00 15.00 5.00 24.00 -55.50 < -0.18
Dec 22 6.60 3.30 1.10 150 45.00 22.50 7.50 24.00 -88.00 < -0.29

Pond volumes (excess and loss) determined for 30 ha exposed pond, 15 ha wet tails surface area and 5 ha slimes dam.

Equivalent Change in Pond Level refers to absolute monthly water level changes assuming no inflow from regional aquifers.

TTAL
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6.1 WATER TABLE MANAGEMENT

As discussed, the depth of mining of shallow sands is a function of dredge reach
(up to 50 metres) and the seasonal fluctuation of the water table. The impact
of such operations on the regional water table will be entirely related to pond
seasonal (and process water) losses as defined above in Table IV-10.

During the period May through August, sufficient rains are received to maintain
pond water levels at a zero impact level. Indeed excess waters will need to be
pumped to storage/waste. From September onwards, the deficit in the water
balance will induce a small but steady decline in the water table creating an
impact of somewhat less than 0.3 metres per month at the pond perimeter. On
a month by month basis this will result in a negligible impact at a distance of
several hundred metres from the pond, however the longer term cumulative water
level decline would propagate away from the mined area. Figure IV-13 shows
the location of the 0.1 metre drawdown contour at the end of summer under
average climatic conditions.

To achieve zero impact, it will be necessary to supply make up water to the
dredge pond at a monthly rate consistent with identified losses. These losses are
summarised in Table IV-11 (last column), incorporating a 15% allowance for
seasonal variation on design flows (accounting for variations in local climatic
conditions in the absence of detailed local evaporation data).

Makeup water can be obtained during summer months by the diversion of runoff
into the dredge pond, or by decanting the stilling reservoir and/ or augmenting
via the installation of several boreholes. Bores will be completed in the Lesueur
Formation at a depth of between 150 and 200 metres where good quality
water with sufficient yield is expected.

The impact of groundwater withdrawal from within this deep section of the
aquifer system will not adversely affect water levels in the shallow aquifer.
Intercalated clays and silts located above the pumping zone will effectively confine
depressurisation to these lower horizons.
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TABLE IV-11

Make up water requirements for dredge operation

Total Total Design Flows
Month of of (+15%)
Fluxes Fluxes (of fluxes)

(MUmonth) (Ml/day) (Ml/day)

Jan -85.50 -2.76 K fi.
Feb -81.00 -2.89 33
Mar -64.00 -2.06 24
Apr -25.00 -0.83 1.0
May 23.50 0.76 0.0
Jun 55.00 1.83 0.0
Jul 57.00 1.84 0.0
Aug 25.00 0.80 0.0
Sep -3.50 -0.11 0.1
Oct -29.5 -0.95 1.1
Nov -55.5 -1.85 21
Dec -88.0 -2.84 33

Note: Design flows make provision for some seasonal variance.

6.2 SURFACE WATER MANAGEMENT

The general lease area is relatively flat lying and dissected” by three shallow first
order drainages which rise in the north east of the site (higher ground along the
drainage divide) and discharge to the south and south west into the Scott and
Blackwood Rivers. The widespread occurrence of shallow sands and silty
material provides for infiltration to the groundwater system and relatively low
runoff during the early part of the rainy season. The water table rises rapidly
in response to infiltration and within a month, runoff is generally initiated. This
runoff is sustained throughout much of the wet period with more than 80% of
rainfall estimated to drain to the river.

Drainage sections vary from broad (shallow) stable profiles on the higher ground
to narrower slightly steeper but generally stable sections in the south west. Flows
within these drainages are seasonally dependent with zero flow during summer
periods and peak flows during winter. Flat lying ground induces localised
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inundation during higher intensity rainfall, and surface saturation may persist as
swampy and boggy ground through spring. Depth of water in these areas has
been observed at more than 1 metre. Most of the area has dried out by summer
and some hard pan is evident.

Dredging operations will migrate across the various drainages in the normal course
of operations. In areas of mining close to the site perimeter, temporary diversions
of drainage will be made to other drainage depressions. Rain falling on the pond
which is not required for mining operations will be pumped to the stilling
reservoir from where it will be discharged to the natural drainage after settling.
Water may also be retained in this reservoir for use during peak summer
evaporation periods to supplement dredging operations. Rehabilitated areas will
be reshaped to approximate original drainage where appropriate.

Local diversions will be excavated around slimes and tailings areas to maintain or
improve site drainage.

Under-road drainage will be installed on access roads.

7.0 WATER MONITORING

Monitoring of regional water tables is presently conducted on a quarterly basis.
While this is sufficient to establish the seasonal water table movements, it is
recommended that additional monitoring bores be installed and measurements
intensified to weekly during the early stages of mine development. In addition,
several continuous recording data loggers should be strategically located and
all data assimilated to assess the aquifer response to dredging.

Diverted surface water (to alternate drainages) will be permitted to free drain
however, waters directed to the dredge pond or released from the stilling reservoir
will be monitored to ensure particulate matter (silt load) is equivalent to, or lower
than natural drainage water loads.

A new monitoring station will be established on the Blackwood River downstream
of the mine site.

After the first two years of operations, a relatively accurate understanding is
expected to evolve in terms of the relationship between seasonal weather patterns,
runoff, infiltration, dredging operations and aquifer water tables. Numerical
modelling of the scheme will be upgraded at this time to assist in managing
operations.
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8.0 CONCLUDING REMARKS

The current study has been undertaken to assess the implications of dredging on
the regional water table and to quantify the water balance and water quality
relating thereto.

In determining water demands, it has been necessary to review local rainfall and
evaporation, to undertake analyses to determine likely gains and losses attributed
to these components, and to assess the relative impact on groundwater systems
using & computer numerical model.

For shallow sand mining, the water circuit comprises gains to the pond, tails and
slimes area due to rainfall, and losses to the circuit due to evaporation and
concentrate production. The following points are noted:

. Rainfall is generally uniform over the region with exceptionally high
correlations between local gauging stations;

Groundwater quality is consistent over time and, as expected, does not
exhibit marked seasonal variations. The aquifer system is recharged
annually by rain water which rapidly infiltrates to the groundwater
system. As a result groundwater quality both locally and regionally
will not be impacted by mining operations.

Rainfall exceeds evaporation during winter months while evaporation
exceeds rainfall during summer months with a zero balance occurring
at the end of April and in September. Gains and losses are
approximately balanced in the annual cycle.

° For dredging, plant water uptake is proposed at a rate of 9.5
megalitres (Ml) per hour of which most will be returned to the dredge
pond via wet plant spill, and via tails and slimes returns. Concentrate
production will consume 35 Kl/hour or 0.8 Ml/day of dredge pond
water.

Losses to the water circuit after accounting for rainfall, evaporation
and process water are 2.8 Ml/day during summer months falling to
zero losses (and showing net gains) during winter. Additional water
from other sources is therefore required to meet these losses in order
to prevent a fall in dredge pond water levels during summer - a design
supply of 3.2 Ml/day is proposed.

Make up water may be obtained through provision of on site storage
which accumulates surplus runoff during winter, or from water bores
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sunk into the deeper Lesueur aquifer where water yields and qualities
are suitable for process purposes. The latter option is preferred.

Regional irhpact of shallow heavy mineral mining is expected to be

negligible providing dredge pond levels are maintained at the same level
as measured groundwater levels.

Surface waters occurring within the mine site area present no special problems for
drainage. The construction of diversion channels or the redirection of waters to
the slimes pond or stilling reservoir provides a measure of staging.

LEWIS ENVIRONMENTAL CONSULTANTS



Iv-28
REFERENCES

Institute of Engineers, Australia, 1987.
Australian rainfall & runoff, Vols 1 & 2.

Mackie Martin & Associates, 1988;
Numerical modelling of shallow groundwater systems - Beenup
mineral sands project. Report to Mineral Deposits Limited.

Mackie Martin & Associates, 1989;
Hydrogeological investigations - Beenup mineral sands project.
Report to Lewis Environmental Consultants.

Mackie Martin & Associates, 1990;
Assessment of dredge pond hydraulics. Beenup mineral sands project.
Report to Mineral Deposits Limited.

Wilson, J.L., Townley, L.R. and Sa da Costa, A., 1979.
Mathematical development and verification of a finite element aquifer
flow model AQUIFEM-1, Technical Report No.248, Ralph M.
Parsons Laboratory for Water Resources and  Hydrodynamics,
Massachusetts Institute of Technology.



7

Finom
‘il BHP-UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANDS PROJECT
HYDROGEOLOGICAL STUDIES
ON BEHALF OF
LEWIS ENVIRONMENTAL CONSULTANTS

PA4ASE FOaD
1 LKEB@_  .KE100. KE101.KE102 LEBEND:
Yo —-—— PORTION BOUNDARIES
i ———— PERIMETER OF PROPOSED MININB AREA (DREDGE BLOCKS)
~HMA1Q EXPLORATIDN BORE SITE
JKENT Ve KEN [ TEL T
NATIONAL R ~afy “Hp

NOTES:
BGEOGRAPHIC DATA DIGITIZED FROM 1:50000 PUBLISHEQ TDPD. SHEETS

§ = | ST — : i 0 600 1000 1500 2000 2500 3000 3500 M

DRAWN SCALE 1:50000

GENERAL LOCALITY PLAN

SCOTT RIVEA ROAD

FIGURE IV-1

M Mackie Martin & Associates

GROUNDWATER ENGINEEAS




MONTHLY RAINFALL (aa} MONTHLY MAINFALL les} MONTHLY RAINFALL {am) MONTHLY RAINFALL (e}

MONTHLY RAINFALL lea}

g

g

g

§

g

.888 888 ,sBE885 ,8BEs88 . EgEEel?

¥ 8 888

Data unavailable

o
U " i 2
HONTHLY RAINFALL (ma}

'
+

4

1987 +

008 +

19686 -

MONTHLY RAINFALL (ma)

HONTHLY RAINFALL (sam)

FEE s i
MONTHLY RAINFALL (ma)

MONYHLY RAINFALL (ma}

BHP-UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANDS PROJECT
HYDROGEOLOGICAL STUDIES
ON BEHALF OF

LEWIS ENVIRONMENTAL CONSULTANTS

NOTES:
DATA OBTAINED FROM DEPT. OF METEOROLOGY NATIONAL RECORDS

HISTORICAL MONTHLY RAINFALL
OVER THE AUGUSTA REGION
FOR THE LAST 25 YEARS

FIGURE IV-2

Mmmckie Martin & Associates
GROUNDWATER ENGINEE AS



RAINFALL

CORRELATION - CAPE LEEUWIN & ALEXANDER BRIDGE

SCATTER PLOT & STATISTICS

258 4 "

STATISTICS:

X1 MEAN 8.611E+01
X1 VARIANCE 5.498E+83
X1 ST.DEV. 7.415E+01
Xe MEAN 8.3981E+@1
X2 VARIANCE 6.138E+03
X2 ST.DEWV. 7.835E+81
COVARIANCE S.45SE+@3
CORRELATION R 9.389E-81

350.
=
4+
cC
Q
E
\
=]
=
Lt
(1]
o
= 208.
a
o
Ll
fan)
s 150
><
Lt
=
(=
108@.
5@3.
Q.
(w]

18@., 4o
SO A e § R 5 6 e g er SR
400,

LEEUWIN (mm/month)

ALEXANDER BRIDGE
&
CAPE LEEUWIN

FIGURE V-3




REGIONAL RAINFALL & EUAPORATION

- {CAPE LEEUNIN)

Lo

Evaporation

L0000
20,

Rainfall

(A SIS A A IH,

ALY I,

(A A AR

AN, \\\\\\\\\‘\\\\\\

200

]
-]
]

YIUOW/wiw

150

51"
a

Monthly average

FIGURE IV-4




RAINFALL INTENSITY IN mm PEAR HOUR

600

500 A
400

300 1

200 4

100

80 1

60

40 4

30

20

RAINFALL INTENSITY-FREQUENCY-DURATION PLOT

FOR THE BEENUP AREA

;\}\
NN
‘K\\\\Q
T
N O Y
e e s e
N N
\}\N\x
Ny
\\%\‘E\\ |
K&:ﬁ:yﬁms
\\Rh“fxtxaﬁb??thba
§ e R
T~ 2 P
i [ e,
B e R
e, R e e
AN
RSN
R
PO
\\
3 5 3 z T % >

EVENT DURATION IN HOURS OR MINUTES

12H

24H

48H

FIGURE V-5




mm/Month

NET MaAXIMUM RUNOFF & WATER TABLE ACCESSION
(RAINFALL MINUS EUAPORATION)

200
1506 ’T
\ § |-—|:1otential recharge
100 J \
N N N :
b N L% N |—2% estimated recharge
50 N N
N N \ l g
N -
e+ N o - N T - N - N ChiEmEs L
N \
—se RN
517 \ \
§ \ s no recharge occurs below zero line
-100 '_§ g
N N
-150 T T T T T I T i ] T T T
J ¥ M A M J J A s o] N ' D

Monthly average

FIGURE IV-6




rmetres ANMD

WATER LEWVEL

40 .

PIEZOMETER MONITORING DATA

TIME - wears

"t ) " o n
™~ 0 00 o o
o 0 ) ) )
o o a o o
vl vl vl vl i

1998.5

FIGURE IV-7




o
}j\\ \

.-—F_\\H-_d_

ParRE DD

R

-]

h?

:hsﬁmfff Ii;ﬂ’“###fh‘Hﬁﬁ

BeoTT A

)

e

I

K
*\ /

NATIONAL  PARK

LFRT : FER

24

. KR

ELET Y

BHP-UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANOS PROJECT
HYOROGEOLOGICAL STUOIES
ON BEHALF OF

LEWIS ENVIRONMENTAL CONSULTANTS

LEBEND:

* KA

PDRTIDN BDUNDARIES

PERIMETER DF PROPDSED MINING AREA (DREDGE BLDCKS
WATER TABLE CDNTDURS {metres AHD|

EXPLORATIDN BDRE SITE

D GROUNDWATER FLDW DIRECTIDN

NOTES:

IMPACT HAS BEEN DETERMINED BY SUBTAACTING WATER LEVELS
CALCULATED FOR DREDGING FRDM WATER LEVELS DETERMINED
FOR PRISTINE CDNDITIONS — STEADY STATE

o 500 1000 1500
L f

2000 M
;: L i |

DRAWN SCALE 1:30000

LOCAL WATER TABLE INTERPOLATED
FROM BOREHOLE MEASUREMENTS

FIGURE IV-8

Mackie Martin & Associates

GROUNDWATER ENGINEERS

m



SCOTT RIVER — BRENNANS FORD

~500
O
N
: rT
s 400 - 2
0 . -
8 =T q T
T L T T
~ 300 - T
2 |
3 % ! 4 l b 4 3
2 x 4 R b 4 - 1
) 200 1 X b 4
2 - Tfx % X
3 1 e L - ¥
S - L~
2 .8 100 ] 1 1 ] | | i I | l | 1 ] ] | ¥ ] T 1] ] i
° E = ® ©
n 2 2 z L
Year
BLACKWOOD RIVER — DARRADUP
~ 6000
5 T T
3 IT_I1
5000 =
) .
3 ANl
E 4000
.g - . T X|x
~ 3000 i o
3 X
-3 o T x-‘ ' IJ! X Xx
3 2000 - ] e
3 T T AL T
3 1000 T 3% - %11 =
3 LI I§E3]
/)] ’[ 4%l L _! L
3 0 Ttr1TtTtryrrryrryrvyryrririyoruvinra l-l T rrryvy 1141
"6‘ (o) 0 @) n o 0
& (7o} (o] I~ I~ [s0] [16]
L = - 2 = -

Year

T Maximum
L Minimum
X F.W. Ave

T Maximum
L Minimum
X FW. Ave

FIGURE V-9




218000

BHP-~UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANDS PROJECT
HYDROGEOLOGICAL STUDIES
ON BEHALF OF

LEWIS ENVIAONMENTAL CONSULTANTS

348000

‘ ~ {
!

i PafxE  hosn

|

LEGEND:
—-— PERIMETEA DF PADPOSED MINING AREA (DREDGE BLOCKS)

NOTES:
GEDOGAAPHIC DATA DIGITIZED FADM 1:50Q0D PUBLISHED TOPD. SHEETS

@

0 500 1000 1500 ZDIOD 2500 3000 3500 M
: N ) —

DRAWN SCALE 1:50000

p e

i
i Py NATIONAL PARK Lot
‘/FL."':/"" __‘Q‘.fjr-/—/
. woLLoY L COMPUTER NUMERICAL MODEL GRID
f{ ISLANG _.-I ) 3
i T S
A :
&
o FIGURE IV-10
g
- M et famoata




[¢]

/A

2
f

BHP~UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANDS PROJECT
HYDROGEOLOGICAL STUDIES
ON BEHALF OF

LEWIS ENVIRONMENTAL CONSULTANTS

LEGEND:
PORTION BOUNDARIES

——~ PEAIMETER OF PROPOSED MINING AREA (DREDGE BLOCKS)
= MODEL WATER TABLE CONTOURS (metres aHD}
*BTx8 EXPLORATION BORE SITE

NOTES:

2000 M

DRAWN SCALE 1:30000

LOCAL WATER TABLE GENERATED

BY COMPUTER MODEL

FIGURE IV-11

Mackie Martin & Associates

GROUNDWATER ENGINEGRS



COMPUTER MODEL CALIBRATION - TYPICAL NODE RESPONSE

lBEENUP HUMER [CAL HODEL

RESPOMSE AT HODE 496

(311 -

HMAD
8. ;
- Model
*Fleld dsts
s H
4 20
=
4
>
>
L
L4
:
] ; :
H B s o e 4 2 A e s v B g B e e " .
o
a
2 i
] : :
a - - . :
L L] (-] Ll L]
B o ] m 7
Tire - wears
PECHUP MUMER |CAL HODEL REEPONEE AT MODE 380
RO LE
as.
- Mode
= Fiwld data
-
T 4@,
3
i 35 .
™ b — - . — - = P, -
E . :
b4 i z
L 30 .4 i T
- ! H
E ! ;
f - 3K AR s :
3
o
.
4 2a. - -
o L = Le] L]
g g : - :
Time - wears
[ BEEMUP HUMER ITAL MODEL RESPONSE AT HOBE 475
MH& 1T
38, ;
- Hods |
*" Fiwld data
"
]
L
i
'
L]
]
2
i
w
b L
- :
£ i
& 15.4 wd e
2 i i
a : 3
a : :
a H :
= 18, - v
® " a "
o o o -
o ] ] e
m m L m
Time - years

GLs = ground lewvel

FIGURE IV-12




R
. J L
FAYHE  AOAD
EIEET] . HMA18
P
a
i} s
b
£
[
.
5
i
YT R
J) i
ra
e T r#fngf
{
| -
f 1
Tes
i E4B ,’f
#7]
,in;::::- #//f////
|- 0.1 —
&
0 .

NATIONAL PARK

. MMA12

" -« BTX7

il

/
L MMAt4 .+ HMAZD

. . Kees
[:)%]

P

KEQ?

. KE10B

KEE

ERL 1]

. KE95

344800

BHP-UTAH MINERALS INTERNATIONAL
BEENUP MINERAL SANDS PROJECY
HYDROGEOLOGICAL STUDIES
ON BEHALF OF

LEWIS ENVIAONMENTAL CONSULTANTS

LEGEND:
- - - PDRTION BOUNDARIES
—~— PERIMETER DF PROPDSED MINING AREA (OREOGE BLOCKS)
-_— CONTOURING GIVEN AS HEAD OIFFERENCE IN METRES
*BTX7 EXPLORATION BDRE SITE

i POND LOCATION

NDTES:

IMPACT HAS BEEN DETERMINED BY SUBTRACTING WATER LEVELS
CALCULATED FOR DREDGING FRADM WATER LEVELS DETEAMINED
FOR PRISTINE CONDITIDNS ~ STEADY STATE

4000 1500 2000 M
== ¥

DRAWN SCALE 1:.30000

EXTENT OF IMPACT OF
DREDGING OPERATIONS

FIGURE IV-13

Mackie Martin & Associates

BROUNDWATER ENGINEERS

M



Appendix V



RADIATION LEVELS

TABLE OF CONTENTS

PART A: Absorbed Dose Rates in Air at Beenup ... ... ....... 1
1.0 INTRODUCTION . .. oo iip s s i 8% S g e ow vwdte som e s 1
2.0 EDCATION QF SITBS . .. 555 05 5aie v sisia asis s 1
3.0 EXPERIMENTAL PROCEDURE . .............. 2
4.0 BRESOLIE (o, cidsesedis sue 5id Bow aaw ili woe a 2
5.0 CONCIXIBIONS < o w0 oo 5 i wae vt & 404 A s pii 58 » 2
PART B: Monitoring of airborne radiation at Beenup ... ...... .. 9
1.0 ACTIVITIES . . . . . ..t e e e ee e 9
1.1 JANUDARY. TN 5 oow i s imiss 008 s 8% 58 a0 5/875 5 2 505 H
1.2 FEBULRIERYES 1N oo »v sanefas i aeaEé va (esas 9
2.0 RESULTS AND DISCUSSION . ... ............. 9

LEWIS ENVIRONMENTAL CONSULTANTS



V-1
RADIATION LEVELS
by

Katee Enterprises
Consultant in the Physical Sciences

PART A: Absorbed Dose Rates in Air at Beenup
1.0 INTRODUCTION

It is common for heavy mineral deposits to contain monazite, a thorium bearing
mineral which also contains a low concentration of uranium. Other heavy minerals
extracted from mineral sands deposits also have an impurity content of thorium
and uranium. The presence of these radioactive elements requires the radiological
aspects of mining and processing of mineral sands to be addressed. The amount
of monazite in the Beenup deposit is very low - less than 0.001% in the
concentrated heavy mineral.

This report documents the results of a pre-operational radiation monitoring
programme for the absorbed dose rates in air. The measurements provide baseline
gamma radiation data which can be used for determining:

¢ The expected gamma background radiation exposure of the work force
during mining operations.

o

The gamma radiation levels to achieve during rehabilitation of the site.

The pre-operational radiation monitoring programme also involves measuring
radionuclides in air and water at monthly intervals over 12 months. These results
are to be the subject of subsequent reports.

2.0 LOCATION OF SITES

The location of the project is approximately at 340 000 mE and 6210 000 mN
on the Australian Map Grid. This is shown in Figure V-1.

In particular, the proposed minesite covers Locations 4254, 4257, 4259 and parts
of Locations 4260, 4261 and 4264 on the Boranup sheet, National Map Reference
Sheets 1929-1 and IV and Pt.1829-I, and the Augusta sheet, National Map
Reference Sheets 1929-I1 and IIIL

LEWIS ENVIRONMENTAL CONSULTANTS
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the proposed processing plant site is on part of Locations 4268 and 4151 on the
Boranup sheet, National Map Reference Sheets 1929-I and IV and Pt. 1829-L

These locations are shown in Figures V-2 and V-3.

3.0 EXPERIMENTAL PROCEDURE

Gamma radiation levels were measured one metre above ground level using a
Berthold LB1200 radiation meter. The meter had previously been calibrated against
a caesium-137 standard by the Radiation Health Branch of the Health Department
of Western Australia.

The mean reading over a one minute period was recorded. The surveys were
undertaken over a 200 m x 200 m grid and a 50 m x 50 m grid over the
minesite and plant site respectively. These two grids are shown in Figures V-2 and
V-3 respectively. Measurements were undertaken when the land was being used for
pastoral purposes, prior to removal of the topsoil. Additional readings were taken
at locations in the general project area.

4.0 RESULTS

The experimental data from the gamma surveys over the minesite and plant site
are shown in Tables V-1 and V-2 respectively. The calculated absorbed dose rates
in air for the two surveys are shown in Tables V-3 and V-4 and on Figures V-
2 and V-3. The values range from 0.05 - 0.12 micrograys per hour.

The absorbed dose rates in air measured at locations in the general project area
are shown in Table V-5.

The mean absorbed dose rates in air are shown in Table V-6. The values are
0.082 £ 0.018 micrograys per hour and 0.076 + 0.015 micrograys per hour at the
minesite and plant site respectively. The error is quoted as one standard deviation
from the mean.

5.0 CONCLUSIONS

The absorbed dose rates in air have been measured over the proposed location
of a mineral sands project at Beenup, 15 km north-east of the Augusta townsite.

The values over both the proposed minesite and the proposed plant site have
ranged from 0.05-0.12 micrograys per hour with a mean of 0.08 £ 0.02 micrograys
per hour. The error is quoted as one deviation from the mean. The size of the
range can be accounted for by the statistical fluctuations of the readings. This is
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more likely rather than an actual variation of the absorbed dose rates in air
across the project area.

Measured values at locations in the general project area give a mean value of 0.08
micrograys per hour. The absorbed dose rates in air reported in Environmental
Review and Management Programmes for Cooljarloo (1987), Pinjarra (1988) and
Jangardup (1989) are 0.08, 0.15 and 0.16 micrograys per hour respectively.
Consequently the measured values at the proposed heavy minerals project at

Beenup are low environmental baseline values and indicate no discernible variations
over the orebody.

LEWIS ENVIRONMENTAL CONSULTANTS



TABLE V-1

Experimental data from gamma survey at Beenup minesite
(values in microroentgens per hour)

Easting

North 1 2 3 4 5 6 7 8 .0) 10 11 12 13 14

1 9 8 12 10 10 8

2 o2 11 15 9 15 16 9 9 9 6 10 8 9 10

3 9 7 14 14 8 10 10 11 10 7 11 8 8 12

4 i 13 12 13 10 9 8 13 Jid 12 8 9 10 8

5 12 8 7 14 13 10 10 10 9 8 8 8 9 10

6 10 10 11 13 13 12 7 7 9 11 8 10 8 10

7 10 9 12 14 12 12 12 9 8 9 8 12 8 10

8 7 9 11 9 12 10 10 8 8 9 8 8 b 10

9 12 14 12 14 11 9 8 9 7 7 9 9 10 9

10 12 7 9 8 9 9 8 9 8 8 6 8 7 9

11 9 8 8 8 8 9 10 8 9 7 6 7 7 8

12 8 9 8. 12 10 9 7 10 8 11 7 7 7 8

13 7 8 10 8 9 10 10 9 7 7 7 7 8 8

14 11 9 9 12 13 8 10 9 6 8 8 8 9 10 9

15 9 8 11 8 7 9 8 - 8 7 9 10 9 7 8 10
16 - 10 7 6 8 10 7 9 8 10 7 8 9 8 7 9
17 - 8 9 7 9 11 11 7 8 8 8 7 9 9 7 7
18 - 9 9 9 12 10 10 7 8 9 10 7 8 9 9 7
19 - 13 11 12 12 9 11 8 8 7 9 8 9 i 0 7

7-A
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TABLE V-2

Experimental data from gamma survey at Beenup plant site
(values in microentgens per hour)

Easting

North 1 2 3 4 5 6 7 8 9 10 11 12
1 7 9 8 8 7 7 8 8
2 7 8 8 10 7 6 8 7
3 8 10 9 10 9 7 9 9
4 "8 8 8 9 9 9 8 7
5 7 8 10 12 10 11 10 8
6 6 8 9 8 7 7 8 8
7 10 8 14 9 ¥ 10 13 10
8 10 8 7 8 9 8 12 11 i1 11 10 8
9 7 10 10 9 11 8 13 14

10 9 9 10 9 9 9 8 8

1 B 8 9 10 8 7 7 8

12 7 8 b 7 10 8 7 8

13 9 8 8 8 i 9 9 8

14 7 7 6 7 i 8 9 11

15 10 7 7 8 7 8 10 9

LEWIS ENVIRONMENTAL CONSULTANTS



TABLE V-3

Absorbed dcse rates in air at Beenup minesite
(values in micrograys per hour x 100)

Easting
North o 2 3 4 5 6 7 8 9 10 11
L 8 F 11
2 11 10 13 8 13 14 8 8 8 5 9
3 8 6 12 12 7 9 9 £0 9 6 10
4 6 12 11 12 9 8 i 12 10 11 7
5 11 Fj 6 12 12 9 9 9 8 7 7
6 9 9 10 12 12 11 6 6 8 10 7
7 9 8 11 12 11 11 11 8 7 8 g
8 6 8 il 8 L 9 9 7 7 8 7
9 11 12 i | 12 10 8 7 8 6 6 8
10 11 6 8 7 8 8 7 8 7 7 5
L 8 7 7 7 7 8 9 T 8 6 5
12 7 8 ) 11 8 8 9 7 0 6
13 6 7 9 7 8 9 9 8 6 6 6
14 10 8 8 1. 12 7 9 8 5 7 7
15 8 7 10 7 6 8 T - ¥ 6 8
16 - D 6 5 7 9 6 8 T 9 6
17 - 7 8 6 8 10 10 6 7 7 7
18 - 8 8 8 1.3 9 9 6 7 8 9
19 - 12 10 11 11 8 10 7 o 8 8
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TABLE V-4

Absorbed dose rates in air at Beenup plant site

(values in micrograys per hour x 100)

Easting
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TABLE V-5

Absorbed dose rates in air at locations in the

general project area

Location

Absorbed dose rate
in air
micrograys per hour

Augusta townsite - Bill Hillier Park 0.08
Karridale townsite - grounds of Catheolic

Church 0.17
Junction of Brockman Highway and Courtney

Road ' 0.09
Junction of Brockman Highway and Scott

River Road 0.09
Payne Road, west end 0.09
Junction of Payne Rocad and Scott River

Road 0.08
Strucels Road - entrance of I Strucel’s

farm 0.09
Scott River Road, at right angle bend,

2.5 km south of Scott River 0.07
Mean * 0.084

* excluding the Karridale townsite reading

TABLE V-6

Summary of absorbed dose rates in air at Beenup

Location No. of Absorbed dose rate in air uGy ik
data Mean Standard deviation range
Minesite 271 0.082 0.018 0.05-0.14
Plant site 124 0.076 0.015 0.05-0.12
General ¥ 0.084 0.008 0.070-0.09
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PART B: Monitoring of airborne Radiation at Beenup
1.0 ACTIVITIES

11 JANUARY, 1990

An air sampling monitor was set up near a shearing shed on the proposed mining
area at Beenup. The air sampler was fitted with a pre-weighed glass microfibre
filter. It was run for a 74 hour period commencing on 15 January, 1990 at a
nominal 100 litres per minute. The gross alpha activity and the total dust on the
filter were subsequently measured.

1.2 FEBRUARY, 1990
Visits were made to Beenup on 16 and 20 February, 1990.

On the first visit the air sampling monitor was set up near the shearing shed. The
air sampler was fitted with a pre-weighed glass microfibre filter and run for
approximately 100 hours at a nominal 100 litres per minute. In addition, gamma
radiation levels were measured at various locations in the general project area.

On the second visit the air sampling monitor was switched off, the filter removed
and the equipment brought back to Perth. The gross alpha activity and the total
dust on the filter were subsequently measured.

This monitoring activity will be carried out on a monthly basis.

2.0 RESULTS AND DISCUSSION

The data from the radionuclides in air and total dust measurements are presented
in Table V-7.

The gross alpha activity of radionuclides in air during the monitoring period at
the proposed minesite at Beenup was 0.055 + 0.053 millibecquerels per cubic
metre for January, 1990 and 0.030 + 0.021 millibecquerels per cubic metre for
February, 1990. The quoted error is based upon counting statistics at the 95%
confidence level. The measured value is typical of environmental levels throughout
the State. The contribution of the radionuclides in air to the baseline annual
effective dose equivalent is negligible.

The total dust loading of the sampled air in January, 1990 was 330 micrograms
per cubic metre. This value is high for an environmental level but can be
attributed to the shearing activity taking place in the vicinity during the
monitoring period.

LEWIS ENVIRONMENTAL CONSULTANTS



TABLE V-7

Data for radionuclides in air

Filter no.

Collection period

Hourmeter start

Hourmeter finish

Collection time

Flow rate

Activity standard

Counts from standard (1 min)

Counts from sample (50 min)

Counts from background (50 min)

Initial weight of filter

Final weight of filter

Weight of dust collected

Total dust level

Gross alpha activity

Effective dose equivalent
Non-designated employee
Member of the public

BHP 01
15-18/1/90
220,31
294.66
74.35 h
77.5 1/min
5370 Bg
134099
39
23
145947 ug
259960 ug
114013 419
330 ug m- 3
0.055 + 0.053 mBgq m

0.0028 + 0.0027 mSv yﬁ
0.012 + 0.012 mSv y

BHP 02
16-20/2/90
294.66
387,98
93.32 h
90 1/min
5377 Bq
135137
17
4
137990 ug
143470 ug =
5480 ug 3 s
11 ug m°

0.030 + 0.021 mBg m>

0.0015 + 0.0011 mSv yﬁ
0.0066 + 0.0046 mSv y

The quoted error is based upon counting statistics at the 95% confidence level. A 1 um AMAD uranium

ore dust is assumed.
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The total dust loading of the sampled air in February, 1990 was 11 micrograms
per cubic metre. This value is towards the bottom of the range of environmental
levels throughout the State.

REFERENCES

Cooljarloo Mineral Sands Project. Environmental Review and
Management Programme. Maunsell & Partners Pty. Ltd. November, 1987

Proposed Rare Earths Processing Plant, Pinjarra, Western
Australia. Environmental Review and Management Programme. Dames &
Moore, February, 1988.

Jangardup Heavy Minerals Mine. Environmental Review and
Management Programme. W.G. Martinick & Associates Pty. Ltd., June 1989
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AMBIENT AND PREDICTED SOUND LEVELS
by

Tibor Vass, accoustic consultant
Curtin Consultancy

1.0 ESTABLISHMENT OF EXISTING SOUND LEVELS AT
RESIDENCES NEAR THE PROPOSED MINING AREA AND
DRY MILL

1.1 PURPOSE OF THE INVESTIGATION

To establish mean airborne Sound Pressure Levels (SPL) and Sound Levels (SL)
of the existing sound environment at 17 locations at the proposed Beenup mining
site as shown in Annex A.

13 UNITS EMPLOYED

1.2.1 Sound Pressure Level - SPL

SPL’s are expressed in decibels (dB) re 2 x 10° N/m® in 1/1 octave bands in
frequencies shown in paragraph 1.7.3 and according to the following Australian
Standards:

AS 733 Preferred Frequencies and Band Centres for Acoustical
Measurements.

AS Z1047 Expression of the Physical and Subjective Magnitudes of Sound
and Noise.

12.2 Hertz - Hz

Frequency, cycles per second, being the rate of repetition of the cycles as a
periodic quantity.

123 Sound Level - dB(A)

‘A’ weighted value of the SPL as determined by a Sound Level Meter (SLM)
satisfying : AS 1259-1982.

LEWIS ENVIRONMENTAL CONSULTANTS



1.2.4 Statistical SL - L,

The equivalent continuous equal energy SL (L, is that constant noise level, which
over the same period of time expends the same amount of energy as the
fluctuating level.

1.2.5 Exeedance levels/Statistical levels - L

n

Fluctuating airborne sound indicated in dB or dB(A) may be a mean level
averaged over a period of time;, which can be however expressed more precisely
in statistical form as L, which indicates how frequently a particular SL is
exceeded e.g. L,, 40 dB(A) means that 40 dB(A) was exceeded for 10% of the
measuring time.

1.3 INSTRUMENTATION
1.3.1 Recording
* Precision Sound Level Meter, B & K Type 2215, Serial No. 615668.

. Precision Integrating Sound Level Meter, B & K Type 2230, Serial No.
1116291.

. Nagra IV SJ tape recorder, Serial No. 11085 with adaptor QSJP, Serial
No. 590.

e 12.5 mm condenser microphone, B & K type 4165, Serial No. 600222
together with microphone preamplifier, B & K type 2619, Serial No.
IZT2LS.

Note: Both Precision Sound Level Meter and 12.5 mm condenser
microphone do satisfy AS 1259 -’82.

° Noise Level Analyser, B & K type 4426 with Alpha-numeric Printer,
B & K type 2312, Serial No. 630598 and 699515.

¢ Pistonphone, B & K type 4220, Serial No. 252068, to establish
reference levels for tape recording/analysis and to calibrate the Sound
Level Meters.

- Tripod, B & K type UA 0049.

¢ Windscreen, B & K type UA 0207.

¢ Zeal, Whirling Psychrometer to establish dry and wet bulb temperature.
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Electronic Anemometer, Airflow Development Ltd., Serial No. 20735.
Measuring tape and all necessary connectors.
1.3 Analysis
Tape recorder, see above.
Digital Frequency Analyser, B & K type 2131, Serial No. 629099.
Note: This Digital Frequency Analyser satisfies AS Z41, 1/1 and 1/3
octave band pass filters intended for the analysis of sound and
vibration.
Computer, Digital Pdpl11/03, with Data System Design Floppy Disk,
type DSD/440, Serial No.44-606 with visual display unit and Adler

hard copier.

All necessary connectors.

1.4 DATE AND TIME OF RECORDINGS
Recordings were made at locations shown in Annex A on the following dates:
) 28th December, 1989 between 12 noon and 7.00 pm
(i)  29th December, 1989 between 7.00 am and 3.00 pm
The recorded data were analysed in the Architectural Science Acoustics
Laboratory, Department of Architecture, Curtin University.
1.5 CLIMATIC CONDITIONS

LSkl Temperature and relative humidity

The ambient dry bulb temperature during the noise recording period
ranged from 17°C to 24°C with a mean level of 20.9°C.

The relative humidity during the noise recording period ranged from
44% to 68% with a mean level of 54%.

1.5.2 Wind conditions

The weather on both days during the noise recordings was fine.

LEWIS ENVIRONMENTAL CONSULTANTS
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The wind speed during the noise recordings ranged from calm, 0 m/sec
to 4.5 m/sec. No noise level recordings were made when wind gusts
exceeded 5.0 m/sec. ‘

The wind direction on both days varied from south to south west/south

east.
1.6 TRAFFIC DENSITY
1.6.1 Scott River Road

During the noise recording the traffic flow was very low, estimated 5 to 15
vehicles/hour.

1.6.2 Brockman Highway

During the noise recording the traffic flow was estimated to be between 50 and
70 vehicles/hour.

1.7 METHOD OF TESTING
By 8 | Recording

All noise recordings were performed with the microphone at approximately 1.2 m
from the ground and a minimum of 4.0 m from vertical reflecting surfaces eg.
walls etc. For microphone locations see Annex A.

At locations indicated in Annex A, a recording of 20 minutes minimum was made
at each site, using the SLM’s, Noise Level Analyser, and on Tape recorder on
linear mode, all referred to in Section 1.3.1.

172 Analysis
/1 octave band SPL’s were obtained from tape recorded linear signals of 1 to 5
minutes duration together with visual SLM recordings. Statistical SL’s were

obtained from printed displays of the Noise Level Analyser at 1 to 5 minute
intervals. All dB figures are rounded off to the nearest dB.

SR Test frequencies

All SPL recordings were made in the following 1/1 octave band centre frequencies
: 315, 63, 125, 250, 500, 1k, 2k, 4k and 8k.
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1.8 DATA
TABLE VI-1

Date, time, wind and temperature
Test Date Time Wind,m/s  Temp.’C RH%
location
la 28/12  5.50 pm R 18 59
1b 29/12  9.00 am 1.5 20 63
2a 28/12 5.00 pm 3.5 19 57
2b 29/12 825 am 1.3 20 59
3a 28/12 4.10 pm 3 20 35
3b 29/12  8.05 am 1.5 20 b o
4a 28/12 3.30 pm 3 20 59
4b 29/12 245 pm 4.5 23 48
5a&b 2912 935 am 2 24 44
6 29/12  9.57 am 2 23 45
T 29/12 10.20 am &5 23 48
8 29/12 10.43 am 2.5 22 50
9 29/12 11.07 am 2.8 22 50
10a 28/12  2.30 pm 3 20 54
10b 29/12 11.30 am 3 22 51
11 29/12 11.55 am 3.5 2 51
12 29/12 12.20 om 3.5-4 21 53
13 29/12 12.45 pm 3.54 22 50
14 29/12 1.08 pm 3.5-4 23 48
15a &b 29/12 130 pm 3.5-4.5 23 48
16a 28/12  2.00 pm a5 20 53
16b 29/12 2.00 pm 3.5-4.5 23 49
17-1 28/12  6.15 pm v 2 17.5 65
17-2 28/12 6.40 pm 1 17 67
17a-d 29/12  2.30 pm 3.4-4.5 23 49
17-3 28/12  7.30 pm 1 L7 66

Note: See Annex A for test location
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1.9 RESULTS
TABLE VI-2

dB(A) Sound levels

dB(A)

Test location L, Le L Remarks

la 41 37 39

1b 41 34 40

2a 40 33 38

2b 52 37 47 Dogs barking

: 42 37 40

4a 42 37 40

4b 53 40 49 Aircraft overhead
52 & b 38 27 35

6 30 27 36

I 38 27 )

8 48 37 46 60/70 vehicles/hr

9 47 36 45 50/60 vehicles/hr

10 49 38 46 70/80 vehicles/hr

i 44 39 42 Wind up to 3.5 m/s
12 45 41 -+ Wind up to 4.0 m/s
13 43 35 41 Wind up to 4.0 m/s
14 44 34 40 Wind up to 4.0 m/s
152 & b 45 38 41 Wind up to 4.5 m/s
16a 42 i 39 Wind up to 3.5 m/s
16b 45 35 43 Wind up to 4.5 m/s
17-1 40 36 37  Wind up to 2.0 m/s
17-2 38 31 35 Calm

17a to d 45 37 42 Wind up to 4.5 m/s
17-3 30 22 27 Calm

Mean levels-
7 am-7 pm 42 34 39
Standard

deviation 25 42 2.6

Test locations 2b, 4b and 17-3 are not included in the mean

Note: See Annex A for test location

2
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TABLE VI-3

Typical 1/1 Octave Band SPL’s

1/1 octave Ly P
31.5 44 38
63 42 37
125 36 30
250 36 2
500 36 29
1k 36 29
2k 35 28
4k 33 22
8k 30 21

Note: See Annex B

2.0 ESTABLISHMENT OF ACCEPTABLE SOUND LEVELS AT
THE BEENUP RESIDENCES, ACCORDING TO CURRENT
W.A. NOISE REGULATIONS

2.1 PURPOSE OF THE INVESTIGATION

To establish acceptable SL’s generated by mining activities, at the existing
residences near the proposed Beenup mining site. The acceptable levels are based
on the Environmental Protection Act, 1986 section 123 and Noise Abatement
(Neighbourhood Annoyance) Regulations, 1979 and amendments.

22 ACCEPTABLE OUTDOOR NOISE LEVELS -
221 Neighbourhood category : ‘A-1°

° Use of premises at place of reception : RESIDENTIAL

° Description of neighbourhood in which place of reception is situated : ONLY

OR PREDOMINANTLY COUNTRY, WITH NEGLIGIBLE
TRANSPORTATION.

LEWIS ENVIRONMENTAL CONSULTANTS



® Acceptable outdoor noise levels:

(a) Monday to Friday 7am to 7pm : 40 dB(A)
(b) Monday to Friday 7pm to 10 pm
weekends and public holidays,

TJam to 10 pm : 35 dB(A)
(¢) Always 10 pm to 7 am : 30 dB(A)
223 Neighbourhood category : ‘A-2’

Once approval for mining activity at the Beenup site is given, then the
neighbourhood category would likely change to Category °‘A-2’, when the
acceptable levels would become:

(a) 45 dB(A)
(b) 40 dB(A)
© 35 dB(A)

23 METHODS OF ESTABLISHING EXISTING SOUND LEVELS AT
RESIDENCES - BEENUP

Refer to Regulations indicated in Section 2.1.
231 To measure existing background noise

Regulation 13-(1) ..."the background noise shall be measured in the absence of the
noise alleged to be offending ... used as the assigned outdoor neighbourhood noise
level, and where this measurement is less than the lowest values indicated in
Table 1, the lowest value for the appropriate time period in Table 1 is used as
the assigned level."

Regulation 13-(2) ... "The result of the measurement of background noise shall be
ascertained by taking the average of the minimum pointer deflections on the sound
level meter."

Note: The average of the minimum pointer deflections is the L,

If the calculated noise level as documented in Section 5.0 exceeds the assigned
outdoor level indicated in Section 2.2, by no more than 5 dB(A), Regulation 10,
no offence occurs.
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3.0 ESTABLISHMENT OF TYPICAL SOUND LEVEL
CONTOURS AROUND THE CAPEL DRY MILL OF
WESTRALIAN SANDS LTD. "

3.1 PURPOSE OF THE INVESTIGATION

To establish mean airborne SPL’s and SL’s of the existing dry mill operations of
Westralian Sands, Capel (Figure VI-1), at locations shown in Annex C.

Based on the above measurements, calculate and draw SL contours for the far
field around the plant as shown in Annex D. Due to the many obstructions,
buildings etc. the drawing of the near field SL contours around the plant is not
practical.

52 UNITS EMPLOYED

SPL - See Section 1.2.1

Hz - See Section 1.2.2

dB(A) - See Section 1.2.3

L, - See Section 1.2.4

| 2% - See Section 1.2.5

L. - ‘A’ weighted sound power level of the source.
33 INSTRUMENTATION
33.1 Recording

See Section 1.3.1.

332 Analysis

See Section 1.3.2.

3.4 DATE AND TIME OF RECORDINGS

Recordings at the Capel plant were performed at locations shown in Annex C on:
24th January, 1990, between 1.00 pm and 6.30 pm. The dry mill plant at Muchea
was inspected on: 19th January, 1990, between 9.15 am and 11.30 am.

3.5 CLIMATIC CONDITIONS

321 Temperature and relative humidity

The ambient dry bulb temperature during the noise recording ranged from 25°C
to 28°C with a mean level of 26.5°C.

LEWIS ENVIRONMENTAL CONSULTANTS
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The relative humidity during the noise recording ranged from 49% to 54% with
a mean level of 51.5%.

352 Wind condition

The weather during noise recording was fine. The wind speed during noise
recording ranged from 2 m/s to 3 m/s. The wind direction varied from south to
south west.

3.6 NOISE TYPES AND NOISE CHARACTER
3.6.1 Plant noise

Noise generated at various parts of the plant is mainly Broad Band, steady state
with no noticeable Tonal Component. See Annex E.

3.6.2 Service vehicle noise

Front End Loader. Noise generated by the front end loader is mainly broad band
with frequency/amplitude modulation.

Road Train, Velvo F10. Noise generated by the above vehicle is mainly broad
band with frequency/amplitude modulation when accelerating/gear changing.

3.7 METHOD OF TESTING
3.7.1 Recording

All noise recordings were performed with the microphone at approximately 1.2 m
from the ground and a minimum of 4.0 m from vertical reflecting surfaces eg.
walls etc. For microphone locations see Annex C.

At each microphone location, due to the steady state character of the plant noise,
a recording of 5 minutes was made using the SLM’s, Noise Level Analyser and
Tape Recorder in linear mode as indicated in Section 1.3.1.

Service vehicle ncise was recorded on tape in linear mode at a distance indicated
and for a representative period.

Ry Analysis
1/1 and 1/3 octave band SPL’s were obtained from tape recorded signals of 1 to

5 minutes duration together with visual SLM recordings. Statistical SL’s were
obtained from printed displays of the Noise Level Analyser at 1 to 5 minutes
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intervals as well as from tape recorded signals fed into the Noise Level Analyser
in the Architectural Science Acoustics Laboratory, Department of Architecture,
Curtin University. Service vehicle noise was analysed in statistical units.
All dB figures rounded off to nearest dB.

3.7.3 Test frequencies

All SPL recordings were made/analysed in the following 1/1 octave band centre
frequencies : 31.5, 63, 125, 250, 500, 1k, 2k, 4k and 8k Hz. Most recordings were
also analysed in 1/3 octave band centre frequencies from 31.5 to 8k Hz.

3.8 DATA : DATE, TIME, WIND AND TEMPERATURE

As indicated in Sections 3.4, 3.5.1 and 3.5.2.

LEWIS ENVIRONMENTAL CONSULTANTS
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39 RESULTS
TABLE VI-4

dB(A) sound levels

dB(A)

Test location L, | P | Remarks

1 75 74 74 Annex E-a

2 73 72 72

3 69 68 68

4 67 66 66 Annex E-b

5 i 74 74

6 74 73 74 + Construction noise

7 63 62 62

8 75 74 74

9 73 2 72

10 66 65 65

11 62 60 59 + Traffic noise

12 60 60 60

13a 54 52 22

13b 59 55 57 + Traffic noise

14 71 69 70 Annex E-c

15 64 61 62 + Service vehicle
noise

16a 80 7l 77 Front end loader,
10 m, moving,
Annex E-d

16b 89 84 87 Front end loader 5m

17a 65 64 64

17b 61 60 60

18 57 55 55

19 60 59 59 Annex E-e

20 61 59 59 + Service vehicle
noise

2la 2 65 70 + Fork lift @ 10 m
Annex E-f

21b 7 71 72 + Fork lift @ 8§ m

22 66 64 64 + Service vehicle
noise
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TABLE VI-4 (cont’d)

dB(A) sound levels

dB(A)

Test location L, | L, Remarks

23 57 55 55

24a 62 59 61

24b 66 62 63 + Tractor @ 10 m

2e 71 69 69

26 68 67 68 Annex E-g

27 63 62 62

28 61 58 59 + Traffic noise

29 54 53 52

30a 58 57 37

30b 62 56 59 + Front end loader
@ 10 m

3la 88 66 83 Volvo F10 @ 5 m
stationary
Annex E-h

31b 92 77 g6 Volvo FI10 @ 4 m
moving

32 52 49 51 Mound in distance

33a 50 48 48

33b 51 49 49

34 47 45 46 Behind 3 m mound

35 48 47 47 Edge of road

36 53 51 51 Calculated

37 63 62 62 Calculated

38 62 60 60 Calculated

39 62 61 60 Calculated

40 53 52 32 Calculated

Note: See Annex C for locations

3.9.1

Result details

The overall noise generated by the dry mill is broad band and most of the time
a steady state noise as indicated by the similarity of the L,, Ly, and L, levels.
The geometric noise centre of the dry mill plant at Capel was found to be located
near recording No.l.

LEWIS ENVIRONMENTAL CONSULTANTS
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ESTABLISHMENT OF TYPICAL SOUND LEVEL
CONTOURS AROUND THE CATABY DREDGE
OPERATIONS OF THE COOLJARLOO JOINT VENTURE

PURPOSE OF THE INVESTIGATION

To establish mean airborne SPL’s and SL’s of the existing dredge operations of
the Cooljarloo Joint Venture’s Cataby plant (Figure VI-1) at locations shown in

Annex F.

Based on the above measurements, calculate and draw SL contours for near and
far field around the plant at locations indicated in Annex G and Annex H.

42

4.3

4.3.1

UNITS EMPLOYED

See Section 1.2.1
See Section 1.2.2
See Section 1.2.3
See Section 1.2.4
See Section 1.2.5
‘A’ weighted sound power level of the source.

INSTRUMENTATION

Recording

See Section 1.3.1.

43.2

Analysis

See Section 1.3.2.

4.4

DATE AND TIME OF RECORDINGS

Recordings were made at locations shown in Annex F on the following dates:

19th January 1990, between 1.00 pm and 6.00 pm
20th January 1990, between 7.30 am and 12.30 pm
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4.5 CLIMATIC CONDITIONS
4.5.1 Temperature and relative humidity

The ambient dry bulb temperature during the noise recording ranged from 26°C
to 28°C with a mean level of 27°C. :

The relative humidity during the noise recording ranged from 40% to 48% with
a mean level of 44%.

4.5.2 Wind condition

The weather during noise recording was fine. The wind speed during noise
recording ranged from 1.5 m/s to 4.5 m/s, (mean 3 m/s). The wind direction
varied from south to south west.

4.6 NOISE TYPES AND NOISE CHARACTER

4.6.1 Dredge

Type: Ellicott Wheel Dragon Bucket Wheel dredge and 1600 tonne floating wet
concentrator.

Noise generated by the dredge at the near field (between 50 and 150 m) was
mainly broad band with just noticeable tonal component on the west side, @ 500
Hz 1/3 octave band, on the north side, @ 630 Hz 1/3 octave band and on the
east side, @ 1.25k Hz 1/3 octave band.

The tonal components were not noticeable in the far field.

4.6.2 Excavator

Type: Liebherr 994.

Noise generated by the excavator in the near field was mainly broad band with
noticeable tonal component @ 630 and 800 Hz 1/3 octave bands.

4.6.3 Dump truck
Type: Komatsu R 85.

Noise generated by the dump truck (also referred to as haul-pack) was mainly
broad band.

LEWIS ENVIRONMENTAL CONSULTANTS
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4.6.4 Horn, Dump truck
Noise generated by the horn of the dump truck on backing or indicating
departure after completing the load by the excavator produced a very prominent
tonal component in the near and far field @ 800 Hz 1/3 octave band.
4.6.5 Bulldozer
Type: Komatsu 4875.
Noise generated by the bulldozer was mainly broad band with frequency/amplitude
modulation and with an audible chain noise at 160 Hz 1/3 octave band, see 4.9
Results.
4.6.6 Grader/Scraper
Type: Caterpillar Elevating Scraper 633.

Noise generated by the grader/scraper was mainly broad band with
frequency/amplitude modulation.

4.6.7 Front End Loader
Type: CAT 986E.

Noise generated by the front end loader was mainly broad band with
frequency/amplitude modulation.

4.6.8 Road Transport

Type: Volvo F12, Intercooler.

Noise generated by the stationary Volvo F12 was mainly broad band. Noise
generated by the moving Volvo F12 was mainly broad band with
frequency/amplitude modulation on gear changing and acceleration.

4.6.9 Compressor/pump

Noise generated by the compressor/pump was mainly broad band.

4.6.10 Wet Concentrate discharge

Noise generated by the wet concentrate discharge had a tonal component at 500
Hz and 630 Hz 1/3 octave band.
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4.7 METHOD OF TESTING

4.7.1 Recording

All noise recordings were performed with the microphone at approximately 1.2 m
from the ground and a minimum of 4.0 m from vertical reflecting surfaces eg.
walls etc.

For microphone locations see Annex F. At each microphone location, when
recording the dredge and compressor/pump noise due to the steady state character
of the plant noise, a recording of maximum 5 minutes was made using the
SLM’s, Noise Level Analyser and Tape Recorder in linear mode as indicated in
Section 1.3.1.

Service vehicle noises (excavator, dump truck, bulldozer, grader, road train,
medium size truck and light utility) were recorded on tape in linear mode at a
distance indicated and for a representative period.

472 Analysis

For the dredge and compressor/pump 1/1 and 1/3 octave band SPL’s were
obtained from tape recorded signals of 1 to 5 minutes duration together with
visual SLM recordings. Statistical SL’s were obtained from printed displays of the
Noise Level Analyser at 1 to 5 minutes intervals as well as from tape recorded
signals fed into the Noise Level Analyser in the Architectural Science Acoustics
Laboratory, Department of Architecture, Curtin University.

Service vehicle noise was analysed in statistical units.

All dB figures were rounded off to the nearest dB.

4.7.3 Test frequencies

All SPL recordings were made/analysed in the following 1/1 octave band centre
frequencies: 31.5, 63 125, 250, 500, 1k, 2k, 4k and 8k Hz. Most recordings were
also analysed in 1/3 octave band centre frequencies from 31.5 to 8k Hz.

4.8 DATA : DATE, TIME, WIND AND TEMPERATURE

As indicated 1 4.4, 4.5.1, and 4.5.2 above.

LEWIS ENVIRONMENTAL CONSULTANTS
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4.9 RESULTS
TABLE VI-5

dB(A) sound levels
(For calculations of SL see Section 5.0)

dB(A)

Test location L, o L, Remarks
la 71 70 70 Annex I-a
1b 53 49 51

Ic 49 45 47

1d 46 42 45

2a 65 64 64 Annex I-b
2b 33 49 50

2c 51 48 49 Calculated
3a 65 62 63 Annex I-c
3b 54 51 52

3¢ a3 43 50

3d 50 46 48

3e 49 44 46

3f 48 44 47 Annex I-d
3g 47 43 46

3h 46 43 45 Calculated
4a 65 62 63 Annex I-e
4b 36 53 54

4c 54 51 53

4d 59 48 50

4e 50 45 49

4f 49 45 47

4g 48 39 45 Calculated



VI-19

TABLE VI-5 (cont’d)

dB(A) sound levels

dB(A)

Test location L,, j - L. Remarks
4h 47 41 45

Sa 63 61 61

5b 53 49 51

5¢ 48 47 48 Calculated
5d 47 40 45

6a 61 58 60

6b 52 47 49 Annex I-f
6¢c 48 44 47

6d 47 44 46

Ta 57 50 o3 Annex I-g
7b 53 48 50

Tc 49 45 48

7d 47 42 45 Calculated
8a 54 48 51

gb 51 46 48

8¢ 49 45 47

8d 46 42 45 Calculated
9a 51 46 48

9b 48 40 45

9 47 40 44

9d 45 39 43

10a 48 39 45

10b 46 43 44 Calculated
10¢c 45 38 44

10d 44 39 42

11a 53 52 52

11b 53 51 52

11¢c 50 45 49

11d 49 45 47

12a 50 47 48

12b 48 40 45

12¢ 46 42 44

12d 45 39 43 Calculated
13a 49 47 48
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TABLE VI-5 (cont’d)

dB(A) scund levels

dB(A)

Test location L, ; L, Remarks

13b 48 41 46

138 48 40 46 Calculated

13d 46 43 44

14a 48 45 47

14b 46 44 45

l4¢ 45 43 44

14d 44 39 42 Calculated

15a 47 44 45

15b 46 43 44

15¢ 45 40 43 Calculated

15d 45 38 44

16a 45 39 -

16b = 37 41

17a 44 35 40 Annex I-h

17b 44 38 41

17c 43 35 40

17d 43 36 40

18a 78 76 77 Volvo F12-Stationary
5 m - Annex I

18b 83 73 73 Volvo F12 -
Moving - 7m.

18¢ 76 70 72 Front end loader 10m

19a T4 68 70 Medium size truck $ m.

19b 67 60 62 Light utility 5 m.

20a 85 80 &3 Excavator 20 m
Annex I-k

20b &8 84 g4 Bulldozer-moving
10 m. Annex I

20c 85 84 84 Compressor/pump 6m.
Annex I-m

2] &3 79 81 Haul pack, loading
30 m.

22 88 81 86 Haul pack, moving

10 m. Annex I-n
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TABLE VI-5 (cont’d)

dB(A) sound levels

dB(A)

Test location L, . Ly Remarks

23 76 69 = Loading cycle

24 84 82 83 Grader, moving 30m

25 91 86 88 Horn, haul pack
10 m. Annex I-o

26 52 48 50

27a 50 47 48

27b 50 47 48

27¢c 48 45 47 Calculated

28 49 44 47 Calculated

29a 53 50 i

29b 53 48 50

250 50 46 48 Calculated

30 39 36 37 2 km from plant.

Note: See Annex F for test locations

49.1

1/1 and 1/3 octave band SPL curves

For 1/1 and 1/3 octave band SPL curves of various noise sources see Annex L

5.0

70 |

ESTABLISHMENT OF THE SOUND LEVELS CALCULATED
TO REACH THE BEENUP RESIDENCES FROM THE
PROPOSED MINING AND MILLING OPERATIONS AND
COMPARED TO CRITERIA IN SECTION 2.0

PURPOSE OF THE INVESTIGATION

To predict at the proposed Beenup mining site, the mean airborne day-time, 7.00
am 7.00 pm, 7 days per week, SL’s generated by a dry mill plant and associated
equipment, sited as indicated in Annex J, and a dredge plant and associated

equipment, sited as indicated in Annex K.

Noise generated by a dry mill plant is modelled on the Capel survey, see Section
3.0. It should be noted that the Capel plant was built a number of years ago and

LEWIS ENVIRONMENTAL CONSULTANTS
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it can be assumed that a new modern plant would generate less noise.

The new Muchea dry mill plant was inspected, but unfortunately at the time of
compiling this report it had not been commissioned.

Noise generated by a dredge plant is modelled on the Cataby survey, see Section
4.0.

Based on predictions indicated in Section 5.0 and compare those SL’s to
acceptable SL’s identified in Section 2.0. Comment on results.

= UNITS EMPLOYED
See Sections 1.2.1 to 1.2.5 and Section 4.2.

2.0 Near field SL’s

Points which lie close to the source in relation to its dimensions. Also, near field
relating to a noise source: that part of the field radiating sound in free-field
conditions when the sound pressure and the particle velocity are not in phase.
Most of the near field SL’s in this report have been obtained by in situ
measurements.

3.2 Far field SL’s

Part of the field of a source radiating sound in free-field conditions, where the
sound pressure and the particle velocity are substantially in phase or in which the
particle velocity is inversely proportional to the distance from the source when the
noise source eg. dry mill plant, dredge plant, is considered to be a point source.
Most of the far field SL’s shown in Section 3.0 and Section 4.0 have been
obtained by calculation.

52.3 Geometric centre of sound source

The location of the geometric centre of sound source eg. dry mill plant, dredge
plant and combined operation of heavy earth moving equipment, has been arrived
at by establishing the intersection of SL’s of individual noise sources, obtained
from near field noise measurements. Fach geometric centre is a fixed point,
relating to a plant, combined operation and is expressed in Sound Power Level
Loy
Such vehicle noise as light truck, utility whose noise level is at least 10 dB below
that of the principal noise source levels were not considered to influence the total
SL’s.
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3.3 METHOD OF ‘SL’ PREDICTIONS AT BEENUP

531 Near field ‘A’ weighted SPL - L,,,

The near field ‘A’ weighted SPL of non-directional noise sources eg. excavator,
bulldozer, dry mill plant etc. has been established by in sifu measurements as
described in Section 3.0 and Section 4.0 of this report.

532 ‘A’ weighted Sound Power Level of source - Ly,

The Ly, of individual non-directional noise sources eg. excavator, bulldozer, etc.
or a complete plant eg. dry mill, dredge was derived from the following equation:

Lyw = Loy + 2010gR + 8

where

Ly = ‘A’ weighted sound power level of a particular
source in dB ref. 10"

Ly = ‘A’ weighted SPL of particular non-directional
noise source at a distance ‘R’ from the source in dB(A)

R = Distance from source, m.

5.3.3 Ly, of noise sources, Capel (Cap.) and Cataby (Cat.)

Utility - Cap. and Cat. 88
Truck, medium size - Cap. and Cat. 95
Tractor - Cap. 98
Fork lift - Cap. 100
Loading cycle of sand - Cat. 106
Front end loader - Cap. and Cat.

-mean 108
Compressor/pump - Cat. 109
Road train - Cap. and Cat. - mean 113
Dredge - Cat. 113
Grader - Cat. 114
Bulldozer - Cat. 116
Dump truck - Cat. 119
Excavator - Cat. 119

Note: The recording of the various items listed above was not performed under
fully controlled conditions eg. it was not possible when recording the noise
of an individual item to stop all operations of the other items and record
the noise level of each item separately. However the SL of each item was
recorded close enough to minimise the influence of noise levels of other
items.

LEWIS ENVIRONMENTAL CONSULTANTS



VI-24

534 Ly of the geometric centre of plants
Dry mill, Capel 114
Dredge, Cataby, 113
Combined operation 114
Cataby total 117
3.3.3 The far field L,

The far field L, was arrived at by taking the following steps:
° Calculation, using equation indicated in 5.3.2. This expression includes
attenuation of a non-directional point source for distance from the source.
° Additional attenuation has to be allowed for sound propagation over soft
ground. For a mean propagation height of 1.5 m it is 4 dB(A).

No allowance has been made for the effect of wind and temperature gradient. The
nearest houses south of the dredge are No.2 and No.3. As the prevailing wind is
from S/SW, hence there would be additional attenuation at those houses for a
great part of the year.

At large distances from a source, additional attenuation would occur due to
molecular absorption in the air. The absorption coefficient can be expressed in
dB/m, which is dependent on frequency, temperature, humidity and barometric
pressure. Translated into dB(A), a uniform 2 dB(A) reduction was applied at
distances greater than 1.5 km. See Annex O for detailed calculations.

54 PREDICTED ‘SL’ AT THE BEENUP MINING SITE

5.4.1 Dry mill SL contours

The far field SL contours have been prepared from data contained in Section 3.0
and calculated as described in Section 5.3. The contours are centred on the
geometric centre of the dry mill. See Annex J.

54.2 Dredge plant SL contours

The far field contours have been prepared from data contained in Section 4.0 and

calculated as described in Section 5.3. The contours are centred on the geometric
noise centre of the dredge plant operation. See Annex K.
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TABLE VI-6

dB(A) SL details at various distances

Distance Dry mill Dredge (Mon.-Fri.  Dredge (night &
km  dB(A) dB(A) 7am-7pm) dB(A) w/end)
1 40 43 39
2 34 39 33
3 30 3 )
4 28 i 27
5 26 29 25
6 24 27 23
7 23 26 22
8 22 25 21
544 Combined SL’s at residences near Beenup mining area

The geometric noise centre of the dry mill is fixed.

The geometric noise centre of the dredge plant is assumed to vary according to
the mining operations.

The following conditions have been assumed for the dredge operation:

o

Central, most southern location : X-1, see Annex L-a

° Central, middle location: X-2, See Annex L-b

Central, most northern location : X-3, See Annex L-c

South-western location : X-4, See Annex L-d

° North-eastern location : X-5, See Annex L-e.

5.4.5

Method of calculating SL’s at residences

To arrive at a predicted mining activity noise level at any of the residences at
Beenup, the following steps were taken:

o

Calculate the SL originating from the dredge plant, then add:

® The calculated SL from the dry mill operation, then add:
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° The existing background noise of the residence (L,,).

Road transport noise, being an intermittent noise, should be examined separately.
(Table 3, Regulations and Section 2.1). Resident SL’s, except No. 8 and 9, would
not be affected by road transport noise. See Annex M for detailed calculations.

A noise barrier should be provided at locations indicated for residences No.8 and
No.9. See Annex N for barrier design details.

According to the Australian Environmental Council : "A reappraisal of motor
vehicle control in Australia”, 1985, the F12 noise levels are acceptable levels.
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5.5 RESULTS

TABLE VI-7
Noise levels at residences
Note: The first SL: Monday 7am to 7pm

SL in bracket : Weekends/public holidays 7am tc 10 pm
Existing SL of all residences : 34 (22) dB(A) Ly

1 2 3 4 5 6 7 8 9
Dredge Resi Dist. SL Dist. SL Total Exist. Total
dence Dredge dB(A) Dry M. dB(A) 46 dB(A) Ly, dB(A)
km km

1 Z&3 1.8 39 (34) 7 23 (21) 38 (34) 34 (22) 39 (34)
Xl 4 3 33 (29) 6 24 (22) 34 (30) 34 (22) 37 (31)
X-1 5a 4.5 30 (26) 4.5 27 (25) 32 (29) 34 (22) 36 (30)
X-1 15a & b 5 29 (25) 3.5 29 (27) 32 (29) 34 (22) 36 (30)
X-1 5b 6 27 (23) 6 24 (22) 29 (26) 34 (22) 35 (27)
x-1 14 G5 27 ¢23) 2.5 32 (30} 33 {31} 34 (22} 37 §32)
X-1 6 6.5 27 (23) 3.5 29 (27) 31 (28) 34 (22) 36 (29)
X-1 13 6.5 27 (23) 34 {32) 39 (33) 34 (22y 38 (33)
Xl 12 7.5 25 (21) 3.5 29 (27) 30 (28) 34 (22) 35 (29)
X-1 11 8 25 (21) 3 30 (28) 31 (29) 34 (22) 36 (30)
X-1 1b 7.5 25 (21) 12 21 (19) 26 (23) 34 (22) 35 (26)
X-1 T 10 23 (19) 5.5 25 (23) 27 (24) 34 (22) 35 (26)
X-1 9,10 agb 10 23 (19) 4.5 27 (25) 28 (26) 34 (22) 35 (27)
X-1 8 10.5 23 (19) 5 26 (24) 28 (25) 34 (22) 35 (27)
X-2 1b 8 25 (21) 12 21 (19) 26 (23) 34 (22) 35 (26)
X-2 4 3 33 (29) 6 24 (22) 34 (30) 34 (22) 37 (31)
X-2 2 & 3 3 33 (29) T 23 {21y 23 1303 34 (227 37 (721
X=2 5a 4 31 (27) 5 26 (24) 32 (29) 34 (22) 36 (30)
X-2 15 a&b 4 31 (27) 3 30 (28) 34 (31) 34 (22) 37 (32)
X-2 5b 6 27 (23) 6.5 24 (22) 29 (26) 34 (22) 35 (27)
Xwd 14 5 29 (25) 2.5 32 {30) 34 {31) 3d {32} 37 (32)
X=2 6 6 27 (23) 3.5 29 (27) 31 (28) 34 (22) 36 (29)
R-2 13 5.5 28 (24) 1.5 36 (23) 37 (34) 34 (22) 39 (34)
X-2 12 6.5 27 (23) 3 30 (28) 32 (29) 34 (22) 36 (30)
X-2 11 7 26 (22) 3 30 (28) 31 (29) 34 (22) 36 (30)
X-2 9 & 10 8.5 25 (21) 4 28 (26) 30 (27) 34 (22) 35 (28)
X-2 8 9.5 23 (19) 5 26 (24) 28 (25) 34 (22) 35 (27)
X=2 7 8.5 25 (21) 5 26 (24) 29 (26) 34 (22) 35 (27)
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TABLE VI-7 {cont’d)
Noise levels at residences

Note: The first SL:
8L in bracket :

Monday 7am tc 7pm

Weekends/public holidays 7am to 10 pm

Existing SL of all residences : 34 (22) dB(A) Ly
1 2 3 4 5 6 7 8 9
Dredge Resi Dist. SL Dist. SL Total Exist. Total
dence Dredge dB(A) Dry M. dB(A) 486 dB(A) Ly dB(A)
km km
X-3 1,2,3,4 - Same or better than above
X-3 5a 3.5 32 (28) 4.5 27 (25) 33 (30) 34 (22) 37 (31)
X-3 15 a&b 3 33 (29) 3.5 29 (27) 34 (31) 34 (22) 37 324
X-3 14 4 31 (27) 2.5 32 (30) 35 (32) 34 (22) 38 (32)
X-3 6 4.5 30 (26) 3.5 29 (27) 33 (30) 34 (22) 37 [31)
X=-3 5b 85 28 (24) 6.5 24 (22) 29 (26) 34 (22) 35 (27)
X-3 13 4.5 30 (26) 1.5 36 (34) 37 (35) 34 (22) 32 (35)
X-3 12 5¢5 28 (24) 3 30 (28) 32 (29) 34 (22) 36 (30)
X-3 2 6 27 (23) 3 30 (28) 32 (29) 34 (22) 36 (30)
X-3 i0b 6 27 (23) 4 28 (26) 31 (28) 34 (22) 36 (29)
X-3 9 & 10a 6.5 27 (23) 4.5 27 (25) 30 (27) 34 (22) 35 (28)
X~-3 8 8 25 (21) 5 26 (24) 29 (26) 34 (22) 35 (27)
X-4 - All residences north of the dredge same or better than above
X-4 4 2 37 (33) 6 24 (22) 37 (33) 34 (22) 39 (33)
X-4 2 2.5 35 (31) 7 23 {21y 35 (3L) 34 (22) 38 (32)
X-4 3 3 33 (29) 7.5 23 (21) 33 (30} 34 (22) 37 (31)
£-4 1b Tw> 26 (22) 12 21 (19) 27 (24) 34 (22) 35 (26)
X-5 = All residences NW of the dredge same or better than above
X=5 12 - 6.5 27 (23) 3 30 (28) 32 (29) 34 (22) 36 (30)
X-5 5a 2.5 35 (31) 4.5 27 (25) 36 (32) 34 (22} 38 (32)
X=5 6 4.5 30 (26) 3.5 29 (27) 33 (30) 34 (22) 37 (31)
X-5 7 7 26 (22) 5 26 (24) 29 (26) 34 (22) 35 (27)
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5.5.1 Details of results

Column 1 is the dredge location, based on the assumption that the dredge will
shift its location from time to time within the minesite as indicated in Annex L.

Column 2 is a particular residence number.

Column 3 is the distance of various residences from a given dredge location.
Column 4 is the dredge SL (first figure) at a given residence Monday 7 am to
Friday 7 pm. (Ly, of plant : 117 dB(A)), figures in brackets weekend operation
(L, of plant : 113 dB(A)).

Column 5 is the distance of various residences from the dry mill.

Column 6 is the dry mill SL. First figure as in Column 4 (Ly,, : 114 dB(A)),
second figure as in Column 4 (Ly,, : 112 dB(A)).

Column 7 is the total SL from columns 4 & 6.

Column 8 is the mean existing SL at residences. First figure as in Column 4,
second figure, evening/might time levels, see Section 1.9.1, Test location 17-3.

Column 9 is the total SL, Columns 7 & 8.

5.6 DISCUSSION

5.6.1 Predicted SL at houses, Beenup, Monday-Friday 7 am to 7pm
During the above period the dredge plant consisting of the floating dredge plus
service vehicles (excavator, bulldozer, grader, dump truck etc.) will operate at the
same time as the dry mill. The total SL reaching the various residences are shown

in Section 5.5 Results, column 9 first row of dB(A) levels.

All calculated SL’s at the residences are less than the acceptable outdoor SL’s of
40 dB(A) indicated in Section 2.2 for the above period.

Recommendation for the above period: NO REMEDIAL ACTION IS NEEDED.
5.6.2 Predicted SL at houses, weekends/holidays 7am-7pm

During the above period, both the dry mill and the dredge plant will be
operating. The total SL reaching the residences are shown in Section 5.5 Results,

column 9 first dB(A) figures. Most of the calculated SL’s reaching the residences
are between 35-39 dB(A). The acceptable outdoor SL for this period is 35 dB(A).
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According to regulations, a 5 dB(A) excess is acceptable.
Recommendation for the above period : NO REMEDIAL ACTION IS NEEDED.
5.6.3 Predicted SL’s at residences, always 7 pm-7am

During the above period, the dredge only (not the service vehicles) plus the dry
mill (not the service vehicles) will be operating. The total SL reaching the various
residences are shown in Section 5.5 Results, column 9 dB(A) figures in bracket.
The acceptable outdoor SL for this period is 30 dB(A). Most of the calculated
SL’s are between 26 dB(A) and 30 dB(A). There is one case when the SL is 35
dB(A) and according to regulations an excess of 5 dB(A) is acceptable.

Recommendation for the above period: NO REMEDIAL ACTION IS NEEDED.
5.6.4 Predicted road transport noise at residences, Beenup

The principal Regulations dealing with traffic noise in WA are:

(a) Road Traffic Act 1974-1982

(b) Australian Design Rule No. 28 & 28a

(¢) Main Road Department Practice WA

(d) Noise Abatement (Neighbourhood Annoyance) Regulations 1979.

(a) and (b) control by various means the permissible noise emission levels.
Manufacturers and maintenance bodies have to satisfy these regulations.

(c) deals with transportation noise in terms of L.y, dB(A). The Main Roads
Department uses design level of 68 dB(A) 1 m in front of a residence.

(d) refers to transportation noise in Table 1 of the Regulations, in terms of
medium density, very dense etc. transportation, which in turn relates to assigned
outdoor noise levels indicated in Table 1.

The route to be taken by road transport vehicles (Annex M), according to
calculations will only affect residences No. 8 and No.9. The SL at these two
residences would be 49 dB(A). The construction of a long earth embankment,
minimum height 5 m, on the houses side of the road, would reduce the SL by
12 dB(A).

The following calculations are based on Table 3 of the Noise Abatement
(Neighbourhood Annoyance) Regulations 1979, which makes provision for
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amending an intermittent noise for its duration. In this case the road transport
noise could exceed one minute at a house, which will reduce the noise level
effectively by 10 dB(A) at a residence. See calculations in Annexes M and N. At
the same time the noise level figure will be increased by 5 dB(A) due to its
characteristics : frequency/amplitude modulation. See Table 4 of the above
Regulation.

The calculations may be summarised as follows:

Calculated SL at residences No.8

and No. 9 49 dB(A)
Deduction for intermittent noise 10 dB(A)
Addition for special characteristics 5 dB(A)
Deduction for barrier 12 dB(A)

Net SL 32 dB(A)

This net SL at these two residences is acceptable always.

5.6.5 Type of terrain at Beenup

The terrain around the minesite at Beenup is fairly flat. Noise levels from the
plants will be attenuated by soft ground : 4 dB(A) irrespective of distance.

5.6.6 Noise generation pattern, dry mill

Based on the Capel Study, Section 3.0, most of the noise sources are enclosed by
some sort of building fabric. Further attenuation may be provided by forming
earth berms. If there is a pronounced directivity of any sound source, then the
layout of the plant should ensure that the sound is directed towards the south :
the dredge plant.

5.6.7 Noise generation pattern, dredge plant
The dredge plant has two major noise components:

(a) the dredge
(b) the service vehicles (excavator, bulldozer etc.)

Examining (a) at Cataby, the dredge sits below the natural ground level by it
nature of operation. In addition a perimeter berm exists all round the dredge
pond. SL measured at location 11 a is 18 dB(A) less than the SL measured at
location 1 a, yet it is less than 100 m away.
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Examining (b) at Cataby, at many locations there is a direct view of the
excavation pit and the service vehicles. Consequently between locations 9 (a) and
9 (d), there is only a 6 dB(A) reduction over a distance of 600 m. A 5 to 10
high earth berm could reduce the noise levels at the above locations by 10 to 15
dB(A).

Note: A noise barrier, to be efficient, should be either near the noise source or
the receiver and be as high and as long as practical to minimise diffraction over
the top and the sides, especially at low frequencies.

5.6.8 Use of warning devices eg. horns

A horn sound, which is a very narrow frequency sound, can be heard at great
distances and could be very annoying eg. at Beenup to residents. To assess the
level of horn noise at a location, a penalty of 5 dB(A) for tonal component, see
Section 2.0, "Regulations”, 1is given. See also Annex I-o for 1/1 octave band
frequency spectrum of a horn noise.

56.9 The patterh of service vehicle usage

Noise generated by service vehicles often depends on the manner of usage eg.
excess revving of the engines would increase the noise generated by those vehicles.

Finally, good minesite management can make a lot of difference to the noise level
generated by mining activity.

FLs
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ANNEX C
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ANNEX D
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ANNEX [

RECORDING LOCATIONS AT CATABY MINING SITE
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ANNEX G

RECORDING SL CONTOURS- CATABY MINING SITE
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ANNEX J
Dry Mill = SL Contours
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ANNEX K
Dredge Plant - SL Contours
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CALCULATION - PATH
DIFFERENCE METHOD

a =] b
I
P, 4m
. 2 i 360m 5m 40m
i 1m ) lm—:r
) c )
I
Path difference = (a + b) - ¢ , For assessment see below (Fig.l)
a = 360.02 ; b = 40.2; c = 400; Path difference = 0.22= 12 dB(A)
Reduction potential by a very long barrier 12 dB(A), see below
SL @ House No.9 = 49 dB(A) (due to distance) - 10l+ 54- 12 = 32 dB(A)
which is acceptable always ; No.8 would be similar.
22 l
20 e | D(_eduction for inter-
v L mittent noise. See
E 22 T | Regulations
] . page 8, Table 3.
_§ 14 fﬂﬂ,.ﬂ_-"'":‘_' 2
g 12 — Increase for Special
% 10 / Characteristics. See
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N 2" |gacrier Receiver | page 8, Table 4.
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Fig.1l Reduction of road traffic noise, L1g, by a very long barrier (After Scholes § Sargent)

Path Difference, metres
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ATTENUATION DUE TO AIR ABSORPTION

Calculation is based on RECORDING No.22-Page 11 - Part IV, Haul-Pack noise.
Distance from source : 1000m

1/1 oct.Cent.frequency Hz 63 125 250 500 1k 2k 4k 8k

Sound Power Level (SWL) 119 116 116 112 111 102 96 88

Attenuation due to distance-72 -72 -72 -72 -72 -72 -72 -72

47 44 44 40 39 30 24 16

'A' weighting -26  -16 =0 =5 0 #1 +1 =}

'A' weighted SPL 2 28 35 37 39 31 25 15
Resulting in 43 dB(A)

Attenuation, air absorption 0 0 0 -2 -4 -10 -20 -42
See Fig.l below 21 28 35 35 35 21 5 -
Resulting in 40 dB(A)

Woods Practical Guide to Noise Control (1 .Sharland-1973
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Fig.l

Approximate additional attenuation due to air absorption
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FLORA AND VEGETATION

by

E.M. Mattiske and Associates

1.0 INTRODUCTION
1k PHYTOGEOGRAPHY OF THE REGION

The Beenup survey area (Figures VII-2 and VII-3) occurs within the Warren
Botanical Sub-District of the Darling Botanical District within the South Western
Botanical Province (Beard, 1980). The plant communities in the area are
dominated by tall forests of Karri (Eucalyptus diversicolor) on the deep loams,
forests of Jarrah-Marri (Eucalyptus marginata - Eucalyptus calophylla) on the
leached sands and extensive areas of Paperbark (Melaleuca spp.) and sedge
swamps in the valleys. All of these communities except the Karri forests were
recorded within the proposed mining area for the Beenup project. A localised
pocket of Karri forest occurred on Location 4255, to the west of the proposed
Beenup mining area. In the areas to the west, east and north of the Scott River
Plain the soils are dominated by lateritic gravels. A local example included the
pocket of Jarrah - Marri forest (Eucalyptus marginata - Eucalyptus calophylla)
on the shallow lateritic soils on Location 4255. This latter community was not
recorded within the proposed Beenup mining area.

Few ecological studies have been undertaken in the region. Several vegetation
mapping projects have been undertaken on the south coast area by Smith (1972),
Beard (1981), the Department of Conservation and Land Management (1987) and
Martinick and Associates (1989).

The distinctive flora on the Scott River Plain appears to occur on selected soil
types in the area. As indicated by the recent study by Tille and Lantzke (in
press) these specific soil types are restricted in occurrence to the localised area
which encompasses the Beenup survey area. Therefore it is not surprising that a
range of flora species have been recorded as being geographically restricted
(Department of Conservation and Land Management Reserve Flora) to the area
near the proposed Beenup project.

The nearby State Forests, Reserves and Scott National Park were inspected during
the survey to assess the potential for coverage of the flora species in conservation
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areas which were highlighted as being potentially significant. Comparisons in the
text are made with adjacent areas to summarise these findings.

12 STUDY OBJECTIVES

The Beenup survey area is the area mapped in Figure VII-2 and the dry mill and
office site (Figure VII-3. The objectives of the flora and vegetation survey of the
Beenup survey area were to:

(1) produce an inventory of the flora species on the Beenup survey area;

(2) assess the conservation significance of the flora on a regional and local basis;
(3) define and map the plant communities on the Beenup survey area;

(4) assess the regional and local significance of the plant communities;

{5) by means of reconnaissance and site inspections, assess the similarity of the
flora and vegetation to nearby areas of State Forests, National Parks (in
particular - Scott National Park and reserves on the Leeuwin-Naturaliste
ridge), Camping Reserve No. A12951/4753, road verges and remnants on
private land particularly within B.H.P. mining leases areas and near the
proposed mill and office site (part of Location 4151).

(6) define locations of botanical interest on the Beenup survey area; and

(7) review methods whereby the impact of mining activity can be minimised.

20 METHODS

A reconnaissance survey of the Beenup survey area was undertaken on June 5 and
6, 1989 with intensive flora and vegetation studies being undertaken between
September 25 and December 19, 1989. During the intensive study period three
botanists were used for systematic recordings on the flora and plant communities
and reconnaissance work for rare and restricted flora species.

The reconnaissance and intensive study work covered primarily the Beenup survey
area, although additional site inspections were carried out in nearby areas of State
Forests, National Parks (in particular - Scott National Park and reserves on the
Leeuwin-Naturaliste ridge), Camping Reserve No. A12951/4753, road verges and
remnants on private land within the B.H.P. mining leases (including Location
4255) and near the proposed mill and office site (part of Location 4151).
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2.1 FLORA

Opportunistic collecting was carried out throughout the survey area. In view of
the degree of clearing an emphasis was placed on recording information from
uncleared and semi-cleared areas of remnant vegetation. Some sites were also
located in semi-cleared areas to enable coverage of the modified communities.

All plant specimens were dried, fumigated and checked at the State Herbarium in
South Perth. Consultation with taxonomists in particular groups was also
undertaken during this identification time. Their assistance is acknowledged in
identifying some of the plant specimens.

22 VEGETATION

The vegetation was defined and mapped on the basis of a reconnaissance of the
survey area and detailed recordings at 94 sites (Figure VII-4) within the Beenup
survey area. The vegetation on the proposed mill and office site was defined on
the basis of detailed recordings at 10 sites. Detailed recordings included the
ranking of all species. The ranking was based on Havel (1975a).

Recordings at these sites included ranking all tree species within a 20 metre
radius, as follows:

- Absent

- 1 or 2 trees

- Three to five trees

- More than five trees, but contributing less than one third of total
stand

- Between one third and one half of total stand

- More than one half of total stand

WK —O

W

Recordings at these sites included ranking all understorey species within a 10
metre radius, as follows:

- Absent

- Very rare, seen only after careful search

- Present, observable, but in small numbers only
Common locally, but not uniformly over the whole area
- Common over the whole area

- Completely dominating undergrowth

Wn WO
1

Additional information was recorded at each site on degree of disturbance, soil
type, drainage, topography, physiological stress (e.g. drought, Phyfophthora
cinnamomi) and impact of recent fires.
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43 DATA ANALYSIS

The data analysis was based on 313 of the 326 total number of species for the
94 recording sites on the Beenup survey area. The data was processed by a
computer programme which is based on a Q-Mode clustering technique utilising
a coefficient of proportional similarity (Sneath and Sokal, 1973), using the
algorithm published by Rohlf (1973) for the Minimum Spanning Tree.

3.0 RESULTS
54 FLORA

A total of 55 families, 176 genera and 326 species was recorded in the Beenup
survey area, Annex VII-1. = The total number of species does not include the
sub-species, varieties or affinities of the species, where two or more of these
taxonomic subdivisions were identified. A total of 31 introduced species was
recorded, Annex VII-1.

The dominant families in the area were Papilionaceae (37 species), Proteaceae (31
species), Myrtaceae (27 species), Cyperaceae (24 species), Restionaceae (23 species),
Epacridaceae (21 species) and Stylidiaceae (14 species). The dominance of the
families, Papilionaceae, Myrtaceae and Proteaceae reflects the variety of species in
the mixed heath and scrub communities, while the dominance of Cyperaceae,
Myrtaceae and Restionaceae reflects the large proportion of sedgelands and winter
wet depressions in the Beenup survey area.

311 Gazetted Rare Species

Two gazetted rare species were recorded in the Beenup survey area, namely -
Darwinia sp. (G.J. Keighery 3582) and Lambertia orbifolia, Table VII-1, Annexes
VII-1 and VII-2.

Darwinia sp. (G.J. Keighery 3582)

A total of 1000+ mature plants and seedlings were recorded on the uncleared
areas of the mixed Proteaceae-Myrtaceae heath and scrub (Vegetation Code 3.2)
in the north-east corner of the survey area. In addition a few small populations
were recorded on the sedgelands with low emergent heath (Vegetation Code 4.3).

Reconnaissance for this species was carried out in nearby areas of State Forest,
Camping Reserve (No. A12951/4753), Scott National Park, adjacent private
property within the B.H.P. mining leases (including Location 4255), near the
proposed mill and office site (part of Location 4151) and the road verges. With
the exception of additional locations on the Governor Broome road verges, near
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the original collection of G.J. Keighery, no additional locations for this species
were recorded outside the Beenup survey area which were not previously known
by the Officers of the Department of Conservation and Land Management.

The species appears to occur on the moister red-brown sandy loams over shallow
iron pan, near seasonally inundated depressions. The seedlings of this species were
largely recorded in recently burnt areas.

Lambertia orbifolia

A total of 100+ mature plants and seedlings were recorded on the uncleared areas
of the mixed Proteaceae-Myrtaceae heath and scrub (Vegetation Code 3.2) in the
north-east corner of the survey area.

Reconnaissance for this species was carried out in nearby areas of State Forest,
Camping Reserve (No. A12951/4753), Scott National Park, adjacent private
property on B.H.P. mining leases (including 4255), the proposed mill and office
site (part of Location 4151) and on the road verges. No additional locations for
this species were recorded outside the Beenup survey area, besides those already
known by the Officers of the Department of Conservation and Land Management.

The species appears to occur on the moister grey sandy loams over shallow iron
pan. This species appears to avoid the red-brown sandy loams and wetter areas.

During the reconnaissance work a number of recent deaths were recorded.
Consequently the Officers of the Department of Conservation and Land
Management were contacted. During a subsequent field inspection, samples were
collected from three recently dead plants for Phytophthora cinnamomi testing. The
samples collected were processed by the Department of Conservation and Land
Management. The results are discussed further in the section on Dieback.

In general, the two gazetted rare species were recorded along Governor Broome
Road and or in the north east corner of the survey area. The majority of the
rare plants were relatively healthy, with the exception of the occasional Lambertia
orbifolia. In view of the limited number of plants of Lambertia orbifolia and the
recent localised deaths of individuals, the conservation needs of the latter species
become even more critical.

The management implications of the occurrence of these two gazetted rare species
are summarised in Section 4.0, Discussion.

3.1.2 Reserve Flora

A total of 10 species from the Reserve Flora Priority List (unpublished -
Department of Conservation and Land Management) was recorded in the Beenup
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survey area, Table VII-1, Annexes VII-1 and VII-2. The Priority Codes used in
Table VII-1 are extracted from the unpublished document of the Department of
Conservation and Land Management. All these species for varying reasons are
potentially rare, depending on their future management and monitoring. In some
cases the lack of information and data has resulted in their inclusion on this list.
Nevertheless the conservation status of all these species is under consideration and
being monitored by the Department of Conservation and Land Management.

Adenanthos detmoldii - Priority Code 5

This species was previously on the Gazetted Rare List, but was removed when
additional populations were found. It is known to occur in the Scott and
Blackwood River areas. In this study it was found growing in sedgelands and
mixed Proteaceae-Myrtaceae closed heaths and scrubs (Vegetation Codes 3.2 and
4.3), in the north-east corner of the survey area. It was also recorded on roadside
verges on the Scott River and Governor Broome Roads (Vegetation Codes 3.2 and
3.3). In addition it was observed along further road verges east of the survey
area. A total of 3000+ plants were recorded on these latter road verges outside
the Beenup survey area.

Aotus carinata - Priority Code 1

This species is restricted to the Scott River Plain, and is under consideration for
declaration as rare, but further surveys are required. In this survey it was
associated with seasonally inundated to permanently moist areas supporting mixed
heaths, sedgelands and woodlands on a range of sandy soils (Vegetation Codes
1.4, 32, 42 and 4.3).I1t also occurs on the fringes of moist sedgelands. It was
recorded both west and east of Scott River Road.

Calothamnus crassus - Priority Code 3

Until this survey this species had only been collected from the Stirling Range
National Park, so this represents a range extension. In the survey area it was
restricted to heaths on shallow sands over iron pan, located in the north-east
corner and along Governor Broome Road (Vegetation Code 3.2).

Drosera omissa - Priority Code 3

Known from the Busselton and Augusta areas. Common in mixed woodlands of
Eucalyptus marginata with well developed understorey of Agonis flexuosa on sandy
dunes scattered in the central and western parts of the survey area (Vegetation
Codes 1.2, 2.1, 2.2, 3.2 and 4.3). It also extends onto deeper sandy pockets over
iron pan found in the north-east corner.

Grevillea manglesioides ssp. papillosa - Priority Code 2

Several specimens collected during this survey were identified as Grevillea
manglesioides and Grevillea aff. manglesioides. Further division to the subspecies
level was not possible as the taxon is currently under taxonomic revision. Our
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collections may be the subspecies papillosa which has been recorded for Scott
River.

During this survey Grevillea mangelesioides and Grevillea aff. mangelesioides were
restricted to the heaths on shallow sands over iron pan found in the north eastern

section of the survey area and also along Governor Broome Road (Vegetation
Code 3.2).

Hypocalymma aff. cordifolium - Priority Code 3

(A.S. George 11773)
Known from Scott River and Northcliffe areas. Predominantly in woodlands of
Eucalyptus marginata - Eucalyptus calophylla - Melaleuca preissiana on seasonally
moist to wet sandy soils. Restricted to western side of Scott River Road
(Vegetation Codes 1.4 and 1.5, and to a lesser extent 4.2).

Leucopogon alternifolius - Priority Code 1

This species -has been recorded from Albany to Scott River, and is under
consideration for declaration as rare, but further surveys are required. In this
survey it was predominantly associated with sedgelands and Mixed
Proteaceae-Myrtaceae heaths on shallow sandy soils over iron pan (Vegetation
Codes 3.2 and 4.3). It was occasionally in low open woodland of Eucalyptus
marginata - Banksia attenuata and the sedgelands on slightly sandier soils
(Vegetation Codes 2.1 and 4.2).

Restio ustulatus - Priority Code 3

Known from Busselton and Scott River areas. In this study it was predominantly
on the sedgelands to heaths on seasonally moist to wet sands. Also extends to low
open woodlands on the deeper sands on small dunes scattered throughout the
central and western sections of the survey area (Vegetation Codes 2.2, 3.1, 3.2, 4.2
and 4.3).

Stylidium - verticillatum - Priority Code 3

Specimens collected during this survey appeared to be Styidium verticillatum,
however the species name cannot be confirmed due to a lack of good flowering
material in the State Herbarium collections. Stylidium verticillatum has only been
recorded for the Stirling Range National Park. This species was predominantly
in the heaths on shallow sands over iron pan in the north eastern corner of the
survey area (Vegetation Code 3.2). Several occurrences were also recorded in the
north-western section in the woodlands over seasonally wet, shallow soils
(Vegetation Codes 1.4 and 1.5).
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Villarsia lasiosperma - Priority Code 3

Recorded from localities between Busselton and Esperance. Relatively widespread
through the survey area on seasonally moist to wet soils (Vegetation Codes 1.5,
2.5, 3.2 and 4.2).

In general, the large number of reserve flora species reflects the high conservation
value of the Beenup survey area, in particular the eastern section which supports
the restricted communities of sedgelands and mixed heaths and scrubs on the
shallow soils over the iron pan. Although selected species were recorded in
nearby reserves, the majority still were restricted in occurrence or numbers to very
site specific locations. The management implications of the occurrence of these
species are summarised in Section 4.0, Discussion.

Two species from the Reserve Flora Priority List were not found on the Beenup
survey area, but were recorded nearby. Banksia meisneri var. ascedens was
collected in the sedgelands of the Camping Reserve, immediately south of
Governor Broome Road. Janmsonia formosa was collected on the road verges of
Governor Broome Road.

313 Species of Interest

The following three species and the recently described genus are of special interest,
Table VII-1. Boronia sp. nov. is a new species which was collected for the first
time on this survey. Hovea stricta is geographically restricted and has been poorly
collected. Verticordia lehmannii is geographically restricted and has been only
collected from a few locations. Genus nov. (aff. Loxocarya sp.) (247,440) is a
recently described genus which has not yet been published, therefore identification
of the specimen collected during this survey cannot be fully named.

Boronia sp. nov. (360,378)

A specimen collected during this survey was identified as a new, undescribed
species (P.Wilson, pers.comm.) A search of Boronia specimens at the Western
Australian Herbarium was conducted, and no similar specimens were found. This
indicates that this species is probably very restricted or even rare.

Predominantly found in sedgelands and heath communities on shallow sands over
iron pan in the north-eastern section of the survey area (Vegetation Codes 2.1, 3.2
and 4.3). Also recorded in the sedgeland immediately south of Governor Broome
Road within the Camping Reserve (N0.A12951/4753) (Vegetation Code 4.3).

Hovea stricta

This species has two disjunct centres of distribution, one in the northern
sandplains and the other from the Busselton/Cape Naturaliste area. With one
exception, all of the specimens from the southern centre of distribution were
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collected last century. The collection of this species represents only the second
collection this century. This may indicate a declining population and, therefore a
reassessment of its conservation status may be required. Hovea stricta was found
in open forest of Eucalyptus marginata with mixed associated species on the
different soil types (Vegetation Codes 1.1, 1.2, 1.4, 1.5, 1.6 and 2.2). This species
was recorded predominantly on the western side of Scott River Road, although
it also extends into small pockets of mixed Banksia on the dunes near Governor
Broome Road.

Verticordia lehmannii

This species has not been recorded from this locality before, but the species is
confined to the Busselton-Scott River area. Only a dozen or so collections have
been made in the area of distribution. Therefore this species appears to be
geographically restricted and rare.

This species was collected from the low sedgelands in the north- western section
of the proposed Beenup mining area (Vegetation Code 4.3).

Genus nov. (aff. Loxocarya sp.)

This genus has recently been described but not published, therefore it was not
possible to identify as the species level. This species occurred in the wetland
depressions and drainage lines in the low open woodlands of Paperbark (Melaleuca
preissiana), sedgelands and mixed woodlands of Paperbarks and Agonis
spp.(Vegetation Codes 2.5, 4.1 and 4.4).

LEWIS ENVIRONMENTAL CONSULTANTS
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TABLE VII-7

Summary of Gazetted Rare, Restricted and Special

Interest Species recorded in the Beenup Survey Area

(based on Reserve Flora List - Department of Conservation and Land
Management.)

Code

@) Gazetted Rare:

Darwinia sp. (G.J. Keighery 3582) GR -

Lambertia orbifolia GR
(i) Reserve Flora (Priority Coding)

Adenanthos detmoldii 5

Aotus carinata 1

Calothamnus crassus 3

Drosera omissa 3

Grevillea manglesioides ssp. papillosa *2

Hypocalymma aff. cordifolium 3

(A.S. George 11773)
Leucopogon alternifolius
Restio ustulatus
Stylidium verticillatum .
Villarsia lasiosperma

W W W =

(iif) Species of Interest
Boronia sp. nov (360,378)
Hovea stricta
Verticordia lehmannii
Genus nov. (aff. Loxocarya sp.)

“88 &

Note: GR: gazetted rare, ns: new, unnamed species, pc: poorly collected. t:
see text for further discussion.

e species and sub-species may be present, but currently State Herbarium
collections do not allow confirmation of identifications. See text for
further discussion.

Reserve Flora - Priority Codes.

Priority 1: Species which are known from one or a few localities on lands under
immediate threat, e.g. road verges, urban areas, active mineral leases, areas grazed
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by feral animals, etc. These species are under consideration for declaration as rare
flora but are in need of urgent high priority further survey.

Priority 2: Species which are known from one or a few localities on lands not
under immediate threat, e.g. nature reserves, national parks, vacant crown land,
water reserves etc. These species are under consideration for declaration as rare
flora but are in need of urgent high priority further survey.

Priority 3: Species which are known from several localities, some of which are
on lands not under immediate threat. These species are under consideration for
declaration as rare flora but are in need of further survey.

Priority 4: taxa presumed extinct
Species which have not been collected or reliably observed in the wild over the

past 50 years, or whose total known wild population has been destroyed more
recently.

Priority 5: taxa for high priority monitoring

Species which are considered to have been adequately surveyed and not endangered
or in need of species protection, but could be if present circumstances change.
These species are usually represented on reserves.

In general, these species also reflect the high conservation value of the Beenup
survey area. The management implications of the occurrence of these species are
summarised in the discussion section.

32 VEGETATION

The vegetation plot data is summarised by community in Annexes VII-2 and
VII-3. Nineteen plant communities were defined. Of these, seventeen were defined
from detailed site observations and two were defined from opportunistic
observations on the road verges (Vegetation Codes 3.3 and 3.4).

The results for the analysis on the ranking results are presented in Figure VII-1
(page VII-12). The results illustrate the broader groups of:

(1)  Agonis flexuosa (Peppermint) - Banksia spp. on sands;
(2)  Banksia attenuata - Banksia ilicifolia - Eucalyptus marginata on sands;

(3)  Eucalyptus marginata (Jarrah) forests on grey sands;

LEWIS ENVIRONMENTAL CONSULTANTS
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(4)  Eucalyptus marginata (Jarrah) and Melaleuca preissiana (Paperbark)
on brown sandy loams with variable soil moisture regimes;

(5) Closed heaths and scrubs of Proteaceae-Myrtaceae species on shallow
sands over the iron pan;

(6) Open heaths and sedgelands on moist to wet sands;
(7)  Mixed communities, ranging from woodlands to sedgelands on swamps;
(8)  Melaleuca preissiana (Paperbark) and sedgelands on swamps; and

(®)  Melaleuca preissiana (Paperbark) - low open woodlands on drainage
lines.

These groupings were then subdivided on the basis of local floristic and shrubland
variations into the seventeen main plant communities types (not including the two
road verge types). These seventeen community types are summarised in Annex
VII-3 and mapped in the uncleared and semi-cleared sections of the Beenup survey
area. By utilising the soil map by McArthur it is possible to extrapolate these
plant communities into the cleared areas.

The relationships between the plant communities and the underlying soil and
landforms are summarised in Annex VII-3.

The most extensive forest and woodland vegetation occurs on the western section
of the survey area. The dominant trees are FEucalyptus marginata (Jarrah),
Eucalyptus calophylla (Marri), Eucalyptus patens (Yarri), Agonis fexuosa
(Peppermint) a range of Banksia species and Melaleuca preissiana. The overstorey
species reflect the range of soil and moisture conditions, with the range from
Banksia species on the sandier sites, Paperbarks on the wetter sites to Yarri on
the alluvial sites.

If the understorey species are included the significance of local site conditions is
reinforced by other indicator species, see Annex VII-3 for differences in
communities 1.1 to 1.6.

No Eucalyptus diversicolor (Karri) communities were recorded within the survey
area, although a small pocket of Karri was recorded to the west of the Beenup
survey area on Location 4255.
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The total area of forests and woodlands has been markedly affected by clearing
for agricultural activities.

The series of sandy rises and dunes scattered through the Beenup survey area
support a slightly lower overstorey and a higher proportion of Agonis flexuosa
and Banksia trees. The latter is related to the soils and topographical positions.
The two community types (Vegetation Code 2.1 and 2.2) occur throughout the
survey area. The pockets within the cleared paddocks in the central section of the
survey area provide, in many cases the only relief from the treeless landscape of
the paddocks. Consequently few areas within these communities in the paddocks
are exempt from grazing and trampling pressures. Therefore the understorey of
many of these remnants has been modified. The latter is reflected in the high
cover of introduced medics and grasses.

The proposed mill and office site occurs in a disturbed low woodland of Agonis
flexuosa - Banksia ilicifolia - FEucalyptus marginata on a small sandy rise
(Vegetation Code 2.2). The understorey has been affected by cattle grazing.
As a result of this grazing, the understorey includes a range of introduced species.
No gazetted rare species were recorded in this area on Location 4151.

In contrast the communities in the north-east and north-west corners (Vegetation
Code 2.1) are relatively free of disturbance (except for a few tracks) and
introduced species.

The other groups of low woodlands occur on the series of depressions, swamps
and drainage lines through the survey area (Vegetation Codes 2.3, 2.4 and 2.5).
All these areas support Melaleuca preissiana in the overstorey with varying
associated species depending on local soil and drainage conditions. The associated
species are summarised in Annex VII-3.

The heath and scrub communities occur on the sandier and shallower soils. The
dominant families on these areas include Proteaceae, Myrtaceae, Cyperaceae and
Restionaceae. Local distinctive features include the thickets of Banksia occidentalis
ssp. occidentalis (Vegetation Code 3.1), the stands of the gazetted rare species -
Lambertia orbifolia and Darwinia sp. (G.J. Keighery 3582), and the high range
of species on these heaths, Annex VII-3. Many of the species which are on the
Department of Conservation and Land Management Gazetted Rare Flora List and
Reserve Flora List (unpublished) occur on the closed heaths on the shallow sands
gver the iron pan in the north-east corner of the survey area, Annex VII- 3.

The sedgelands occur on the broad seasonally moist to wet depressions and
drainage lines. Dominant families include Cyperaceae, Restionaceae and Myrtaceae,
Annex VII-3. The density of plant cover in some areas has been affected by past
burning and grazing activities.
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The remaining areas mapped include the modified communities along the road
verges and in the cleared and semi-cleared farmlands. The dominance of
introduced species in these areas and the occurrence of grazing animals have left
few .areas of significant native vegetation. These largely cleared areas occur in
approximately 65% of the Beenup survey area.

3.3 SPECIES RICHNESS

The total number of species recorded in each plant community type is summarised
in Table VII-2 and Annex VII-3. The results should be compared in a broad
sense only as the data base for different plant communities varies substantially due
to the different degrees of clearing in the various plant communities and the
sampling regime, Annex VII-3. Nevertheless the large number of species in
communities 1.1, 1.5, 2.2, 3.2 and 4.3 reflect the conservation potential of these
communities. Further the occurrence of gazetted rare and/or reserved flora on
some of these same communities increases the conservation status of these
communities. In particular the uncleared sections on the western and eastern sides
of the Beenup survey area are:

o

relatively free of introduced species;

0

include a significant range of species; and

o

include a significant number of restricted or rare species (Annex VII-3).

34 PHYSIOLOGICAL STRESS

Physiological stress in plant communities can be caused by a variety of factors
(Old et al., 1981).

During the intensive survey a series of recent deaths were noted for Xanthorrhoea
preissii (Blackboys), Eucalyptus marginata (Jarrah) and one of the gazetted rare
flora species - Lambertia orbifolia. Consequently three samples of root and bark
material were collected by Officers from the Department of Conservation and
Land Management from recently dead Lambertia orbifolia and three samples of
root and bark material collected from dying or dead Blackboys and Jarrah.
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TABLE VII-2

Summary of Species Richness Results for the
Vegetation Types in the Beenup Survey Area

Vegetation
Mapping Code Native Introduced Total
1.1 105 6 111
1.2 87 1 88
1.3 78 2 80
14 66 4 70
1.5 112 -] 117
1.6 56 0 56
2.1 91 7 98
22 112 21 133
2.3 30 3 33
24 14 0 14
b 81 15 96
3.1 48 0 48
32 129 9 138
B 10 22 32
3.4 19 22 41
4.1 29 0 29
42 93 5 98
4.3 121 1 122
44 14 10 24

The samples were sent to the Department of Conservation and Land Management
laboratories in Dwellingup for testing. The dieback fungus Phytophthora
cinnamomi was isolated from all three Lambertia orbifolia collections in the
north-east section of the survey area and from the recently dead Xanthorrhoea
preissii on the lower moist slopes in the south-west corner of the Beenup survey
area.

Although no dieback mapping was carried cut, these results confirm the presence
of this fungal disease in the Beenup survey area. The pattern of infection in the
south-west corner appears to be similar to the frontal pattern seen in other Jarrah
forest communities to the north and east of the survey area. In contrast the
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pattern on the seasonally wet shallow soils which support the rare Lambertia
orbifolia appears to be spot infections.

Predictably the impact of this fungus varies with different plant communities, the
impact of the fungus on the lower moist slopes supporting Jarrah in the
south-west corner is predictable on the basis of findings in the Jarrah forest on
the Darling Ranges.

In contrast the impact of this fungus on the closed heath and scrub communities
currently appears to be restricted to spot infections, as many dieback susceptible
species are healthy and occurring in close proximity to the occasional dead
Lambertia orbifolia. The latter may relate to the different seasonal conditions on
these shallow soils, with the moisture and water being present during primarily the
cooler months when the fungal species may not be able to proliferate as rapidly.

The potential impacts of the dieback disease require further consultation with
Officers from the Department of Conservation and Land Management. The

urgency of the impact on the gazetted rare Proteaceae species has already been
discussed with the Department.

In addition it appears that the Armillaria luteobubalina root rot is also present.
Fruiting bodies were observed during the site inspections on several of the Banksia
tree species. This species has resulted in patches of dead and dying trees through
~ the south-west (Kimber, 1981). Despite its occurrence it does not have the same
potential for the loss of species as the dieback disease Phyfophthora cinnamom.

5 SITE REQUIREMENTS OF THE GAZETTED RARE SPECIES

The two gazetted rare species recorded in the Beenup survey area, namely:
Lambertia orbifolia (family - Proteaceae) and Darwima sp. (G.J.Keighery 3582)
appear to be particularly site specific in their occurrence. The latter has major
management implications for their future protection.

Lambertia orbifolia
This species occurs on the seasonally wet shallow grey sands over the iron pan
in the north-east section of the survey area. It appears to:

[s]

Prefer the slightly deeper grey sands;

(o]

Avoid the seasonally inundated areas; and

o

Prefer the seasonally moist soils.
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The occurrence of this species beyond the survey area is restricted to several small
populations (less than a few hundred) on similar soils and topographical
conditions (R.Smith and G.Keighery, pers.comm.). Consequently any changes in
local site conditions, including seasonal hydrological patterns may affect this species
ability to survive both within the Beenup survey area or on similar nearby areas.
Potential direct and indirect impacts of the proposed operations are discussed in
Chapter IV of E.R.M.P.

Darwimia sp. (G.J. Keighery 3582)

This species occurs on the fringes of the seasonally inundated depressions. The
occurrence of this species on the shallow grey and red-brown sands over the iron
pan appears to be particularly site specific. It appears to:

(4]

Prefer the red-brown sands over the shallow iron pan;

o

Avoid the seasonally inundated areas; and

o

Prefer the seasonally wet soils (water table 10 to 20cm below surface).

The occurrence of this species beyond the survey area is also restricted to similar
soils and topographical conditions (R.Smith and G. Keighery pers. comm.). The
potential effects of any changes in the local site conditions is discussed in Chapter
IV of the E.R.M.P.

4.0 DISCUSSION
4.1 GAZETTED RARE SPECIES

Two gazetted rare flora species were recorded within the Beenup survey area.
These species are Lambertia orbifolia and Darwinia sp. (G.J. Keighery 3582).

Despite several man days of reconnaissance neither of these species were located
in the adjacent and nearby areas managed for the conservation of native flora and
plant communities. The reconnaissance was carried out in nearby areas of State
Forest, National parks (in particular - Scott National Park) and Camping Reserve
(No. A12951/4753). In addition the areas of adjacent and adjoining private land
on the B.H.P. mining leases (where access was possible), on the proposed B.H.P.
mill and office site and nearby road verges were inspected for rare flora. No
additional populations were recorded on these areas, with the exception of several
locations for Darwinia sp. (G.J. Keighery 3582) on Goveérnor Broome Road which
were located near the original collecting area of G.J. Keighery. This lack of
representation in other nearby reserved land appears to be related to the specific
site requirements of these two species. In both instances the additional populations
on the north-east section of the Beenup survey area provide substantial additions
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to the currently known populations for each species. Therefore the conservation
status of this north-east corner is extremely high.

42 RESERVE FLORA

Ten reserve flora were recorded within the Beenup survey area and a further two
species were recorded near the Beenup survey area. Details for each species are
discussed in the previous text, however the regular occurrence of the majority of
these species in the plant communities on the eastern section, and in particular the
north-east corner, of the Beenup survey area reinforces the high conservation value
of this specific location.

4.3 SPECIES OF INTEREST

A total of three species and one recently described genus were highlighted as being
particularly significant.

Boronia sp. nov. (360,378) is a new species recorded both within and immediately
south of the Beenup survey area. As this species occurs on low sedgelands there
is a high potential for finding further populations within Scott National Park.

Hovea stricta appears to be geographically restricted, as very few collections have
been made previously of this species, despite previous botanical studies in the
Augusta and Scott River areas. There is potential for utilising this species in
rehabilitation areas in a range of communities both west and east of Scott River
Road if the project proceeds.

Verticordia lehmannii is geographically restricted and appears to be rare, as only
a dozen or so collections have been made in the area between Busselton and Scott
River.

Genus nov. (aff. Loxocarya sp.) is a recently described genus which is not
published. Therefore the identification of the specimen to a species level was
restricted. The latter should be classified in the near future when the taxon
description is published.

44 ASSESSMENT OF NEARBY AREAS

A reconnaissance was carried out on cleared and semi-cleared areas of the nearby
State Forest, Scott National Park, Camping Reserve (No. A12951/4753), reserves
on the Leeuwin-Naturaliste ridge and private property on B.H.P. mining leases
(including Location 4255) and proposed mill and office sites (part of Location
4151).
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Despite extensive reconnaissance the plant communities on the Beenup survey area,
and in particular the communities which supported the two gazetted rare species,
were not well represented in the adjacent areas of State Forest, Scott National
Park and Camping Reserve (N0.A12951/4753). The shallow iron pan soils do not
extend into the areas which occur in the State Forest to the north and north-east.
Although these shallow soils do occur on a few hectares on the fringes of Scott
National Park, along Scott River Road, the two gazetted rare species were not
observed within the National Park.

44.1 Proposed Mill and Office Site

The proposed mill and office site on part of Locality 4151 supports a low
woodland of Agonis flexuosa - Banksia ilicifolia - Eucalyptus marginata
(Vegetation Code 2.2). The area is currently being grazed by cattle. As a result
the native understorey has been largely replaced by introduced species. No gazetted
rare species were recorded on the proposed mill and office site.

No gazetted rare species were observed on the semicleared and uncleared areas
near the proposed mill and office site. The low sedgelands (Vegetation Code 4.3)
to the west of the proposed mill and office site, near Scott River Road, were
relatively undisturbed and should be protected from further clearing.

4.5 LOCAL AND REGIONAL SIGNIFICANCE OF THE PLANT
COMMUNITIES

On the basis of the available literature and a reconnaissance and inspection of
areas near the Beenup survey area it was possible to review the local and regional
significance of the plant communities recorded in the survey area.

All the woodlands (1.1, 1.2, 1.3, 1.4, 1.5 and 1.6) on the western side typify the
alluvial soils of the Blackwood catchment area. These forests and woodlands are
represented in nearby areas of the Scott National Park, State Forest and private
land. The presence of the geographically restricted species (Hovea stricta) and the
reserve flora (Drosera omissa, Villarsia lasiosperma, Aotus carinata, Hypocalymma
aff. cordifolium, Stylidium verticillatum) in these forests and woodlands highlights
the conservation significance of these communities. No gazetted rare flora species
were recorded in these forest and woodland areas within the Beenup survey area
and nearby private land on BHP mining leases (including Location 4255).

The low woodlands on the sandier soils (Vegetation Codes 2.1 and 2.2) support
species which overlap with adjacent communities on sandier soils on the Reserves,
Scott National Park, State Forest and uncleared pockets on private land on the
BHP mining leases. The presence of the new species (Boromia sp. nov. (360,
378)), the geographically restricted species (Hovea stricta) and several reserve flora
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species (Drosera omissa, Leucopogon alternifolius, Restio ustulatus) in these low
woodlands highlights the conservation significance of these communities.

The series of low woodlands of Paperbarks on the wetter soils (Vegetation Codes
2.3, 2.4, 2.5) all are represented in the wetter depressions and drainage lines of
the Scott River Plain. Examples of these Melaleuca and Agonis swamps have
been recorded to the east by Martinick & Associates (1989). The presence of
the reserve flora species ( Villarsia lasiosperma) and the species of interest (Genus
nov. aff. Loxocarya sp.) highlights the conservation significance of these
communities.

The heaths of Banksia occidentalis (Vegetation Code 3.1) are restricted within the
survey area to the north-west corner. In a regional review it appears that this
community is threatened by the spread of dieback and frequent fires (pers. comm.,
S.Hopper).

The closed heath and scrubs (Vegetation Code 3.2) are restricted to the shallow
soils over iron pan in the eastern section of the Beenup survey area and adjacent
areas on the eastern and south-eastern section of the survey area. Despite
reconnaissance and inspections of the nearby areas of State Forest, Scott National
Park, reserves on the Leeuwin-Naturaliste ridge, road verges and private land on
BHP mining leases no extensive areas of this community were recorded beyond
the Beenup survey area and nearby private land. After a comparison of the
survey area with the maps of Tille and Lantzke (in press) additional inspections
were carried out in Scott National Park. Although several small pockets (less
than a few hectares) with similar soils were recorded in Scott National Park, no
gazetted rare flora species were recorded in these areas of the National Park.
The significance of this community to conservation is highlighted by the presence
of two gazetted rare flora species in the north-east section of the Beenup survey
area. In addition, nine reserve flora species and the new species of Boronia
(Annex VII-3) were also recorded. The presence of these species within the Beenup
survey area highlights the conservation significance of this community. In addition,
another reserve flora species (Jansonia formosa) was recorded in this community
type near the Beenup survey area. The plant community was also recorded in the
road verges along Governor Broome Road.

The two road verge communities (Vegetation Codes 3.3 and 3.4) along Scott Road
were relatively disturbed by earthworks, burning and the invasion of introduced
species. Nevertheless two reserve flora species (Adenanthos detmoldii and Villarsia
lasiosperma) were recorded in these modified communities. Similar communities
were recorded on the road verges within the district.

The series of sedgelands and heaths on the wetter depressions within the survey

area are represented in nearby areas of Scott National Park and private land.
The most significant community from a conservation viewpoint is the low
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sedgelands (Vegetation Code 4.3) which occurs in the north-west, south-east
(including the Camping Reserve No. A12951/4753) and north-east areas of the
Beenup survey area. This community supports the gazetted rare flora species
(Darwinia sp. G.J. Keighery 3582 in the north-east area of the Beenup survey area
only), five reserve flora species (Adenanthos detmoldii, Aotus carinata, Drosera
omissa, Leucopogon alfernifolius and Restio ustulatus) and the new species of
Boronia. In addition, another reserve flora species (Banksia meisneri var.
ascedens) was recorded in this community type near the Beenup survey area.

Despite the relatively high proportion of cleared land (65%) within the survey
area, the remnant areas of native vegetation provide the opportunity for
maintenance of significant numbers of flora species (326 flora species) and native
plant communities (17 types).

There is some continuity with adjacent areas. These connections are particularly
obvious in the southern and western sides of the survey area. Despite inspections
of the nearby State Forest and Scott National Park, several communities on the
eastern section of the Beenup survey area were still locally restricted. The latter
was confirmed by reference to the recent soil studies by Tille and Lantzke (in
press).

Therefore both in a local and regional review, the significance of several plant
communities is substantial. These contributions to the conservation status of the
native plant communities in the area can be enhanced by avoiding disturbance of
the uncleared areas and/or rehabilitation of the disturbed area with native species.

Despite the high local and regional significance of the plant communities in the
Beenup survey area it is still possible to define areas of particular interest for
conservation:

g the remaining uncleared heath and scrub on seasonally wet shallow
soils over iron pan in the north-eastern section (Crown Grant 4264)
includes the two gazetted rare flora species, a large proportion of the
reserve flora in the survey area and restricted plant communities.

the remaining remnant mosaic of Eucalypt woodlands, forests and
sedgelands on the western section of the Beenup survey area includes
the geographically restricted and poorly collected species (Hovea stricta
and Verticordia lehmannii) and a large range of flora species and plant
communities.

the remaining native communities on the western section of the Beenup
survey area provides a link with uncleared adjacent and nearby
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communities, in particular those in Scott National Park to the south
and south-west. .

4.6 REHABILITATION OF VEGETATION

The plant community descriptions and the vegetation map provide the basis for
the selection of native species which would be suitable for the rehabilitation of the
disturbed areas, Annexes VII-2 and VII-3. The native plant communities reflect the
local soil and drainage conditions. Therefore the selection of species and lifeforms
should be based on the site preferences of the respective species. For example,
Jarrah (EBucalyptus marginata) does not tolerate seasonal inundation, while the
species on the drainage lines and seasonally inundated swamps and sumplands do
tolerate some inundation.

The seed mix requirements can be reduced by immediate respreading of the topsoil
(with its associated seed bank). The respreading of the topsoil will also assist in
the establishment of plants from propagules.
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ANNEX VII-1

List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES
DENNSTAEDTIACEAE Pteridium esculentum
LINDSAEACEAE Lindsaea linearis
ZAMIACEAE Macrozamia riedlei
PODOCARPACEAE Podocarpus drouynianus
JUNCAGINACEAE Triglochin calcitrapa

Triglochin procera
POACEAE

Amphipogon turbinatus
* Anthoxanthum odoratum
*Briza maxima

*Bromus ? hordeaceus
*Holcus lanatus
*Hordeum leporinum
*Lolium perenne
Microlaena stipoides
Neurachne alopecuroidea
*Poa annua

*Vulpia myuros
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ANNEX VII-1

List of Plant Species - Beenup Area
(Note: * Denotes Introduced Plant Species)

SPECIES

1989

CYPERACEAE

RESTIONACEAE

Baumea articulata
Baumea vaginalis
Chorizandra cymbaria
Cyathochaeta avenacea
Cyathochaeta clandestina
*Cyperus tenellus
Evandra aristata
*Isolepis prolifer
Isolepis sp.1 (313)
Isolepis sp.2 (129)
Isolepis sp.3 (149)
Lepidosperma tenue
Lepidosperma tetraquetrum
Mesomelaena stygia
Mesomelaena tetragona
Schoenus bifidus
Schoenus cruentus
Schoenus curvifolius
Schoenus rodwayanus
Schoenus aff. subflavus
Schoenus sublaxus
Tetraria capillaris
Tetraria octandra

Anarthria prolifera
Anarthria scabra
Chaetanthus leptocarpoides
Empodisma gracillimum
Hypolaena exsulca
Leptocarpus scariosus
Leptocarpus tenax
Loxocarya fasciculata
Loxocarya flexuosa
Lyginia barbata
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ANNEX VII-1

List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

RESTIONACEAE (continued)

Meeboldina denmarkica
Restio amblyocoleus
Restio applanatus
Restio Ileptocarpoides
Restio serialis

Restio tremulus

Restio ustulatus

Restio sp. (180)
Restionaceae sp.1 (259)
Restionaceae sp.2 (253)
Restionaceae sp.3 (450)
Genus nov. (aff. Loxocarya sp.)(247,440)

CENTROLPIDACEAE

Aphelia cyperoides

Centrolepis aristata
XYRIDACEAE

Xyris laxiflora
PHILYDRACEAE

Philydrella pygmaea
JUNCACEAE

* Juncus microcephalus

Juncus pallidus

DASYPOGONACEAE

Dasypogon bromeliifolius
Lomandra hermaphrodita
Lomandra integra
Lomandra nigricans
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ANNEX VII-1

List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

DASYPOGONACEAE (continued)
Lomandra purpurea
Lomandra sonderi
Lomandra sp.1 (297)
Lomandra sp.2 (386)

XANTHORRHOEACEAE Xanthorrhoea preissii

ANTHERIACEAE Chamaescilla corymbosa
Johnsonia acaulis
Johnsonia lupulina
Thysanotus dichotomus
Thysanotus patersonii

COLCHICACEAE Burchardia umbellata
Wurmbea dioica ssp. alba

HAEMODORACEAE Anigozanthos flavidus
Anigozanthos manglesii
Anigozanthos viridis
Conostylis aculeata
Conostylis serrulata
Conostylis ? setigera
Conostylis sp.1 (330)
Conostylis sp.2 (388)
Haemodorum spicatum
Phlebocarya ciliata
Tribonanthes australis

IRIDACEAE * Freesia leichtlini
Patersonia juncea
Patersonia occidentalis
Patersonia umbrosa var. umbrosa
Patersonia umbrosa var. xanthina
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ANNEX VII-1
List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

ORCHIDACEAE
Caladenia flava
Caladenia gemmata
Caladenia ? marginata
Caladenia latifolia
Diuris longifolia
Elythranthera brunonis
Lyperanthus serratus
Prasophyllum macrostachyum
Prasophyllum ? drummondii
Prerostylis vittata
Thelymitra antenniféra
Thelymitra ? nuda

CASUARINACEAE
Allocasuarina fraseriana
PROTEACEAE
Adenanthos detmoldii
Adenanthos meisneri
Adenanthos obovatus
Banksia attenuata
Banksia grandis
Banksia ilicifolia
Banksia littoralis
Banksia meisneri var. ascedens
Banksia occidentalis ssp. occidentalis
Conospermum caeruleum
Conospermum capitatum
Conospermum flexuosum
Dryandra nivea
Grevillea brachystylis
Grevillea manglesioides
Grevillea aff. manglesioides
Hakea ceratophylia
Hakea linearis
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ANNEX VII-1
List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

PROTEACEAE (continued)
Hakea ruscifolia
Hakea sulcata
Hakea varia
Hakea ? varia
Isopogon axillaris
Isopogon formosus
Lambertia orbifolia
Persoonia 7 elliptica
Persoonia longifolia
Petrophile diversifolia
Petrophile Iinearis
Petrophile longifolia
Petrophile squamata
Synaphea gracillima
Xylomelum occidentale

SANTALACEAE

Leptomeria squarrulosa
LORANTHACEAE

Nuytsia floribunda
POLYGONACEAE

*Rumex acetosella
CARYOPHYLLACEAE

¥Cerastium glomeratum

*Petrorhagia velutina
RANUNCULACEAE

*Ranunculus muricatus
LAURACEAE

Cassytha racemosa
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List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

DROSERACEAE
Drosera erythrorhiza
Drosera gigantea
Drosera glanduligera
Drosera huegelii
Drosera omissa
Drosera pallida
Drosera subhirtella
Drosera sp. 1 (66)

CRASSULACEAE
*Crassula decumbens

PITTOSPORACEAE
Sollya heterophylia

MIMOSACEAE
Acacia browniana var. obscura
Acacia divergens
Acacia extensa
Acacia hastulata
Acacia myrtifolia
Acacia pulchella var. pulchella
Acacia uliginosa
PAPILIONACEAE
Aotus carinata
Aotus aff. genistoides
Bossiaea linophylla

PAPILIONACEAE
Bossiaea ornata
Bossiaea rufa
Burtonia scabra
Chorizema ilicifolium
Daviesia angulata
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ANNEX VII-1

List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY

SPECIES

PAPILIONACEAE (continued)

GERANIACEAE

Daviesia cordata

Daviesia decurrens

Daviesia flexuosa

Daviesia hakeoides ssp. hakeoides
Euchilopsis linearis

Eutaxia epacridoides
Eutaxia virgata
Gompholobium capitatum
Gompholobium knightianum
Gompholobium tomentosum
Hovea chorizemifolia

Hovea elliptica

Hovea stricta

Hovea trisperma

Isotropis 7 cuneifolia
Jacksonia horrida

Jansonia formosa

Kennedia carinata

Kennedia coccinea

*Lotus angustissimus
Mirbelia dilatata
¥Ornithopus pinnatus
Oxylobium Ianceolatum
Oxylobium ? carinatum
Pultenaea reticulata
Sphaerolobium grandiflorum
Sphaerolobium racemulosum
*Trifolium balansae
Viminaria juncea

*Erodium moschatum
*Geranium molle
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List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

RUTACEAE
Boronia crenulata var. crenulata
Boronia denticulata
Boronia spathulata
Boronia sp. nov. (360, 378)
Eriostemon spicatus

TREMANDRACEAE

Tetratheca setigera

Tremandra diffusa
POLYGONACEAE

Comesperma virgatum
EUPHORBIACEAE

Amperea sp. (409)

Monotaxis occidentalis
STACKHOUSIACEAE

Stackhousia huegelii
STERCULIACEAE

Thomasia paucitlora
DILLENIACEAE

Hibbertia amplexicaulis

Hibbertia hypericoides

Hibbertia ? pulchra

Hibbertia stellaris
THYMELAEACEAE

Pimelea hispida
Pimelea longiflora
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List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY

SPECIES

MYRTACEAE

HALORAGACEAE

Actinodium cunninghamii
Agonis flexuosa
Agonis juniperina
Agonis linearifolia
Agonis parviceps
Agonis aff. spathulata
Astartea fascicularis
Beaufortia sparsa
Calothamnus crassus
Calothamnus lateralis ssp. lateralis
Calytrix flavescens
Darwinia oederoides
Darwinia sp. (G.J.Keighery 3582)
Eucalyptus calophylla
Eucalyptus marginata
Eucalyptus patens
Homalospermum firmum
Hypocalymma aff. cordifolium
(A.S.George 11773)
Hypocalymma ericifolium
Hypocalymma strictum
Kunzea recurva
Melaleuca densa
Melaleuca preissiana
Melaleuca thymoides
Pericalymma ellipticum
Verticordia densiflora
Verticordia lehmannii

Gonocarpus benthamir



VII-35
ANNEX VII-1
List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

" FAMILY SPECIES

APIACEAE

Actinotus glomeratus
Actinotus omnifertilis
Hydrocotyle sp. (325)
Pentapeltis peltigera
Platysace tenuissima
Trachymene pilosa
Xanthosia huegelii

EPACRIDACEAE
Andersonia caerulea
Andersonia lehmanniana
Andersonia sp.1 (349)

Andersonia sp.2 (372)
Leucopogon alternifolius
Leucopogon assimilis var. rudis
Leucopogon aff. assimilis
Leucopogon australis
Leucopogon capitellatus
Leucopogon gilbertii
Leucopogon aff. gilberti
Leucopogon hirsutus
Leucopogon pendulus
Leucopogon reflexus
Leucopogon verticillatus
Lysinema ciliatum
Lysinema conspicuum
Needhamiella pumilio
Sphenotoma ? capitatum
Sphenotoma gracile
Sphenotoma squarrosum

LEWIS ENVIRONMENTAL CONSULTANTS



VII-36
ANNEX VII-1

List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES
LOGANIACEAE

Mitrasacme paradoxa
MENYANTHACEAE

Villarsia Ilasiosperma

Villarsia parnassifolia
LAMIACEAE

Hemiandra pungens
SOLANACEAE

¥Solanum nigrum
SCROPHULARIACEAE

*Parentucellia latifolia

*Parentucellia viscosa
LENTIBULARIACEAE

Polypompholyx multifida

Utricularia menziesii
RUBIACEAE

Opercularia echinocephala

Opercularia hispidula

Opercularia vaginata
GOODENIACEAE

Dampiera hederacea
Dampiera Ileptociada
Dampiera sacculata
Diaspasis filifolia
Goodenia sp. (83)
Lechenaultia biloba
Scaevola calliptera
Velleia trinervis
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List of Plant Species - Beenup Area 1989
(Note: * Denotes Introduced Plant Species)

FAMILY SPECIES

STYLIDIACEAE
Stylidium
Stylidium
Stylidium
Stylidium
Stylidium

amoenum
bulbiferum
calcaratum
diversifolium
Imbricatum

Stylidium junceum

Stylidium

? luteum

Stylidium piliferum

Stylidium
Stylidium
Stylidium
Stylidium
Stylidium
Stylidium

ASTERACEAE

repens
scandens
schoenoides

? verticillatum
violaceum

sp.l (373)

*Arctotheca calendula
*Conyza ? parva

Cotula coronopifolia
Hyalosperma cotula
*Hypochaeris glabra
Olearia axillaris
Pithocarpa corymbulosa
*Pseudognaphalium Iluteo-album
*Senecio ? vulgaris
*Ursinia anthemoides
Waitzia citrina

Waitzia suaveolens
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List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989

Vegetation Mapping Codes
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989

Vegetation Mapping Codes
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989

Vegetation Mapping Codes
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Haemodorum spicatum +
Hakea ceratophylla

Hakea linearis -
Hakea ruscifolia -
Hakea sulcata
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Hakea ? varia
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES bed 152 13 T4 LELG 202.22.32,425 3.13.23.33.4 #£.1224.34.4 2L
Hibbertia stellaris = ¥ = =+ = + o+ -
*Holcus lanatus - - -+ 4+ - W % g
Homalospermum firmum O +
*Hordeum 1eporinum - -
Hovea chorizemifolia +
Hovea elliptica -
Hovea stricta +
Hovea trisperma -
Hyalosperma cotula -
Hydrocotyle sp. (325) -
Hypocalymma aff. cordifolium -
(A.S.George 11773)
Hypocalymma ericifolium -
Hypocalymma strictum
*Hypochaeris glabra
Hypolaena exsulca
*Isolepis prolifer
Isolepis sp.1 (313) "
Isolepis sp.2 (129) S R S~ B g
Isolepis sp.3 (149) T -
Isopogon formosus - a0 =p (s - " L
Isotropis ? cuneifolia + - + - - K F
Jacksonia horrida R = "
Jansonia formosa - . " s g, -
Johnsonia acaulis 4 - - . - = Bt
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES 1.1 .2 1.3 1.4 1.5 1.6 2.1 22232425 3.1 3.23334 4.14.24.3 4.4 Ll
Johnsonia lupulina + + o+ o+ -
*Juncus microcephalus - - = - - - - = e s - -
Juncus pallidus - -+ +
Kennedia carinata + + o+ - -
Kennedia coccinea + +
Kunzea recurva -
Lambertia orbifolia - - - - - - S -
Lechenaultia biloba - - - -
Lepidosperma angustatum + -+ 4+
Lepidosperma tenue - - -
Lepidosperma tetraquetrum - - -+
Leptocarpus scariosus ¥ + + %
Leptocarpus tenax - - -
Leptomeria squarrulosa - ==
Leucopogon alternifolius - - -
Leucopogon assimilis S
var. rudis
Leucopogon aff. assimilis -
Leucopogon australis + + + + - - -+ -+ - + - - - +
Leucopogon capitellatus +
Leucopogon gilbertii - - = - - - - - - - - - - = - -
Leucopogon aff. gilbertii S + - - - - - = - -
Leucopogon hirsutus - - - - = - - - - - - - - - + -
Leucopogon pendulus = = = = = = ¥ = = = - . m B = -+
Leucopogon reflexus + + o+ - - + + - - - - - - - - - 4 - "~
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989

Vegetation Mapping Codes

PLANT SPECIES Lot 15233 1.4 5,816 2.1 2.2 23 4 2,5 3] 3.233 3.4 4342 4834.4 ],
Leucopogon verticillatus + - + - - %
Liliaceae sp. (351) e % = i e B W M & i
Lindsaea linearis -+ o+ o+ o+ o+

*Lolium perenne - - - -

Lomandra hermaphrodita
Lomandra integra

Lomandra purpurea
Lomandra sonderi
Lomandra sp.1 (297)
Lomandra sp.2 (386)
*lotus angustissimus
Loxocarya fasciculata
Loxocarya flexuosa
Lyginia barbata
Lyperanthus serratus
Lysinema ciliatum
Lysinema conspicuum
Macrozamia riedlei
Meeboldina denmarkica
Melaleuca densa
Melaleuca preissiana
Melaleuca thymoides
Mesomelaena stygia
Mesomelaena tetragona
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES 1.11.21.31.41.51.6 2.12.22.32.42.5 3.13.23.33.4 4.14.24.3 4.4 C1.
Microlaena stipoides e . A E = = B oTEE w8 G o = @ +
Mirbelia dilatata + -+ o+ o+ o+ s = » = - w3 - = @ &
Mitrasacme paradoxa - - = === i = s = v e = o= - - -

Monotaxis occidentalis - - = == - + - - = = S, s w e = -
Needhamiella pumilio - - = e = +
Neurachne alopecuroidea + o+ k

Nuytsia floribunda +

Olearia axillaris - -

Opercularia echinocephala T T T . - - - - . @ & & a
Opercularia hispidula + o+ - -

Opercularia vaginata I T
*Ornithopus pinnatus e e . = b & s = & =
Oxylobium ? carinatum - = = s A i 2 = B . .
Oxylobium lanceolatum - - - - = - . S T E

*parentucellia latifolia - - - e e - T
*Parentucellia viscosa S s W e mmr .
Patersonia juncea - - - -+ - + o+
Patersonia occidentalis $ 4 = = 4 = + o+ - - 4+ 2
Patersonia umbrosa 3 + % = & B + o+
var. umbrosa
Patersonia umbrosa + o+ = =+ o+ + + - = 4 -+ - - + o+ o+ - -
var. xanthina
Pentapeltis peltigera - - - = -4 A= W & 4 . B = or nar  ER 0m
Pericalymma ellipticum + - -+ o+ + o+ o+ -+ + 0+ - F -+ o+ -
*patrorhagia velutina - = = === w W R m o= - - - - . = = s &
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES L1 1.2 1.3 4.4 1,518 2.12.22.32.42.8 3.13.23.3%.4 41424348 E1.
Persoonia ? elliptica +
Persoonia longifolia

Petrophile diversifolia -
Petrophile linearis +
Petrophile longifolia - = = = = = THE N -
Petrophile squamata - -

Philydrella pygmaea
Phlebocarya ciliata

Pimelea hispida

Pimelea longiflora
Pithocarpa corymbulosa
Platysace tenuissima
*Poa annua

Podocarpus drouynianus
Polypompholyx multifida
Prasophyllum ? drummondii
Prasophyllum macrostachyum
*Pseudognaphalium luteo-album
Pteridium esculentum
Pterostylis vittata
Pultenaea reticulata
*Ranunculus muricatus

Restio amblyocoleus +
Restio applanatus - = e = e - -+ - - - + o+ - - -
Restio leptocarpoides - m = e = s -+ - - - -+
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES 1.1%.2 1.3 1.4 1.51.8 2.12.22.32425 3.1 23334 4.1 4243 4.4 &
Restio serialis . - - - - - - - - -+ -+ +
Restio tremulus -+ - - - - - - -+ - -+ - - - -+ - -
Restio ustulatus - - == - -+ - - - + o+ +
Restio sp. (180) - - - - = - - -+ - - -
Restionaceae sp.l (259) - - -+ - - - -+
Restionaceae sp.2 (253) - - - - = - - -+ -
Restionaceae sp.3 (450) - - - -4+ -

*Rumex acetosella - - - - - +
Scaevola calliptera + o+ o+ + + ot S
Schoenus bifidus = = % =® #

Schoenus cruentus - - - - - -
Schoenus curvifolius - - - ==
Schoenus rodwayanus - - - - - -
Schoenus aff. subflavus - = = == -
Schoenus sublaxus - - - = - -

*Senecio ? vulgaris g - - - = -

*Solanum nigrum - - - -
Sollya heterophylla
Sphaerolobium grandiflorum -+
Sphaerolobium racemulosum
Sphenotoma ? capitatum - -
Sphenotoma gracile
Sphenotoma squarrosum
Stackhousia huegelii
Stylidium amoenum
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ANNEX VII-2
List of Plant Species in the Plant Communities in the Beenup Area - 1989
Vegetation Mapping Codes

PLANT SPECIES 11 32 1.31.41,8 0.6 2.0 2.2 2832428 31323334 £14.24.54.48 1.
Stylidium bulbiferum -
Stylidium calcaratum -+ - = - - - - - - - = - - - - - - -
Stylidium diversifolium -+
Stylidium imbricatum + -
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