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FOREWORD

Through this Environmental Impact Statement (EIS), WMC is seeking approvals from the
Commonwealth and South Australian governments to expand the Olympic Dam mine and
processing plant.

To assist government to assess our project, this EIS also provides the community with the
opportunity to comment on WMC'’s plans to further develop the major orebody at Olympic
Dam as a world-class mining and processing operation.

The ability for people outside the Company to express views about our plans is very
important.

WMC intends to commit $1.48 billion to this expansion, the largest single capital investment
in its sixty-four year history. The expansion is also one of the largest development projects
being proposed in Australia at this time, and as such, we encourage community interest in
our plans.

WMC is making this commitment recognising that Olympic Dam faces strong competition
from other world producers of its major commodity—copper. To ensure the long-term
viability of Olympic Dam, we must ensure that the design of the expansion adopts leading
edge technology to be competitive in the world market.

At the same time, it is important for the community to be confident that pursuing economic
development, job creation and export growth through the expansion is compatible with
maintenance of the environment. This is the foundation of WMC’s Environment Policy.

We appreciate your interest in Olympic Dam and welcome any comments you may wish to
make about this EIS.

PEARCE BOWMAN
Executive General Manager

Copper Uranium Division
WMC Limited
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SUMMARY

WMC Limited (WMC) proposes to undertake a two-phase expansion of production at its
Olympic Dam operations in northern South Australia. The first phase of the expansion will
initially increase the production rate from the current 85,000 t/a copper and associated
products to the already approved rate of 150,000 t/a. Construction for this initial step has
already commenced. Subject to the necessary approvals, the first phase of the expansion will
enable copper production to be increased to a nominal rate of 200,000 t/a. The second
phase of the expansion, which is subject to WMC Board approval, would further increase
production to 350,000 t/a.

This environmental impact statement (EIS) considers both phases of the Expansion Project
above the already approved rate of 150,000 t/a to 200,000 t/a and then 350,000 t/a copper.

The operations at Olympic Dam are based on one of the world’s largest polymetallic
orebodies, with known mineral reserves of 11.4 Mt of copper, 0.34 Mt of uranium (as
uranium oxide), 400 t of gold and 2,790 t silver.

At a nominal copper production rate of 200,000 t/a, the corresponding rate of production for
associated products would average approximately 4,630 t/a uranium oxide, 2,050 kg/a gold
and 23,000 kg/a silver. However, owing to the variability in the ore grade, the peak
production rates in any year could be up to 210,000 t/a copper, 5,000 t/a uranium oxide,
2,110 kg/a gold and 28,350 kg/a silver.

In the second expansion phase to a nominal production rate of 350,000 t/a copper, the
corresponding production rate for associated products would average approximately 7,730 t/a
uranium oxide, 3,630 kg/a gold and 49,600 kg/a silver.

Following completion of the first phase of the expansion, surplus smelting capacity could be
used to produce copper from imported copper concentrates or other ores. If both the new
and existing smelters were fully utilised, the overall copper production after the year 2000
would be up to 285,000 t/a.

The major issues raised by this proposal to expand Olympic Dam operations relate to:

» the sustainable supply of water

» the containment of tailings

« the management of radiation exposures.

In the proposed expansion, the mining method and metallurgical processes would remain
essentially unchanged, and are thus well understood. The expansion also offers the
opportunity to incorporate recent advances in technology and productivity that would lead

to improved environmental performance, waste minimisation, energy and water
conservation, and better occupational health and safety standards.

The Olympic Dam Expansion Project EIS demonstrates how all of the environmental,
social and pollution control issues for the proposed two-phase expansion would be
managed.



-1 PROJECT BACKGROUND

WMC began exploring South Australia for copper deposits in 1961, In 1972, a review of
historical geological data combined with various geological models led WMC geologists to
focus on the region to the west of Lake Torrens. Large-scale surveys indicated a number of
coincident gravity and magnetic anomalies, suggesting that the Olympic Dam area
warranted further exploration, and in 1977 WMC’s Chairman reported to the Annual General
Meeting that drilling had outlined a large prospective ore position.

Because of the likely size of the project, WMC sought partners to assist with its development,
resulting in the formation of a joint venture with the BP Group in July 1979. In May 1980,
the decision was made to sink an exploration shaft (the Whenan Shaft) to a depth of
approximately 500 m. Feasibility studies into the metallurgical processing were conducted,
and preliminary design work was undertaken. Environmental baseline studies began later
that year.

Production at Olympic Dam commenced in 1988 at a rate of 45,000 t/a of refined copper
and associated products. Between 1989 and 1995, the production rate was increased to the
present levels in two optimisation programmes, ultimately raising the ore mining rate to
3 Mt/a and the copper production rate to 85,000 t/a.

In 1993, WMC acquired full ownership of Olympic Dam. The facilities are now operated by
WMC (Olympic Dam Corporation) Pty Ltd, a wholly owned subsidiary of WMC Limited.

The regulatory framework and approvals process

The operations at Olympic Dam are regulated by the Roxby Downs (Indenture Ratification)
Act 1982, which was ratified by the South Australian Parliament in June 1982 and amended
in 1996. The original Indenture applied to the development of an operation recovering up
to 150,000 t/a copper and associated products. The amended Indenture provides for the
development of an operation recovering up to 350,000 t/a copper and associated products.

Environmental assessment at Olympic Dam has been comprehensive from the project’s
inception. It began with the preparation of the Drait EIS and Supplement which was based
on a mining and processing operation capable of producing 150,000 t/a of refined copper
and associated products. The project as defined in these documents was assessed and
approved by the South Australian and Commonwealth governments in 1983.

The environmental management and assessment process since that time has included licence
approvals, a waste management plan, environmental monitoring programmes updated every
three years, and annual environmental and radiation monitoring reports. Also required have
been an environmental review of the existing operations, and detailed environmental and
Aboriginal heritage assessments for the progressive development of water and power supply
infrastructure.

In addition, WMC has provided the State Government with Project Notices setting out details
of all operational changes, and has complied since project commencement with all
applicable Acts, Regulations and codes of practice.

For the proposed Expansion Project, the environmental impact assessment process entails:

¢ preparation of an EIS according to guidelines approved by both the State and
Commonwealth governments;

* submission of comments by the public and by government departments;
* preparation of a response (or ‘Supplement’) document by WMC;

* review of all documents by both governments, leading to a decision on whether the
Expansion Project will be allowed to proceed and, if so, under what conditions.




Structure of this summary

The structure of this summary parallels the structure of the EIS, which was shaped by two key
considerations: the neeci to describe the scale and physical characteristics of the Expansion
Project in the most effective way, and the need to examine those environmental factors that
have been identified in the EIS guidelines and by WMC’s environmental consultants as being
the most relevant in assessing the effects of the proposal.

2 EXISTING OPERATIONS

The existing operations at Olympic Dam comprise an underground mine, mineral processing
plant and associated infrastructure located within the Special Mining Lease area of
approximately 29,000 ha. WMC has systems in place—covering environmental as well as
occupational health and safety procedures—for managing all these facilities. In December
1996, the Olympic Dam operations employed 449 people in mining activities and 514 people
in mineral processing.

Mining and processing

Access to the mine is through the vertical Whenan and Robinson shafts and the inclined
service tunnel. Since mining commenced in 1988, more than 100 km of underground
development has taken place, producing 17 Mt of mined ore.

The ore minerals consist mainly of fine-grained copper sulphide, uranium, gold, silver and
rare earths, located beneath some 350 m of unmineralised sedimentary rocks. The primary
extraction method is a variant of sublevel (underground) open stoping, in which blocks of
mineralised ore are systematically blasted and the ore recovered for crushing below ground.
The crushed ore is then hoisted up one of the shafts to the surface stockpile.

Following extraction, stopes are backfilled with a cemented aggregate of crushed mullock
(waste rock), deslimed mill tailings, cement and pulverised fuel ash. Twenty-one mine-to-
surface airways are used to ventilate the underground workings.

Above ground, the processing facilities (collectively referred to as the metallurgical plant)
comprise a copper concentrator (including a grinding mill), hydrometallurgical plant, copper
smelter, sulphuric acid plant, copper refinery, and gold and silver refinery. The plant
currently produces 85,000 t/a copper, 1,500 t/a uranium oxide, 850 kg/a gold and
13,000 kg/a silver.

Copper is recovered primarily by flotation of copper sulphide from a slurry of finely crushed
ore, after which the copper concentrate is smelted to produce blister copper, and is converted
by electrorefining to high purity copper. Wastes generated during electrorefining are treated
to recover gold and silver. After treatment by flotation, the finely crushed ore is leached with
sulphuric acid to dissolve the uranium and any remaining copper. The leach liquor is then
processed in the solvent extraction plant to separate the residual copper and the uranium
streams. This residual copper is recovered by electrowinning, and the uranium is converted
to yellowcake and then calcined to produce uranium oxide.

The mine and processing operations produce a series of waste streams which are managed
in separate dedicated facilities. These include a storage facility for the tailings solids,
evaporation ponds for tailings liquor, a disposal pond for mine drainage water, a recycling
centre and solids landfill, and sewage treatment facilities. The plant has been designed so
that any spillage of ore, concentrate or process slurries can be readily returned to the process
circuit. The plant also includes comprehensive air pollution control equipment, and air
emissions and noise are monitored and kept within statutory requirements.
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Existing infrastructure

Electrical power is supplied by a 132 kV transmission line to Olympic Dam via Pimba from
the Port Augusta power station. With the current demand reaching 40 MW average load, the
transmission line is approaching capacity.

Water is supplied from two borefields which abstract water from the Great Artesian Basin.
The total water use is about 15 ML/d, of which some 1.6 ML/d is used by the township.

Roxby Downs and the Olympic Dam operations are accessed by sealed bitumen road from
the Stuart Highway, and by a regular air passenger service from Adelaide.

The workforce is accommodated in the Roxby Downs township and at the village. The
township was established in 1988 and houses the plant workforce and government and
service industry employees. The Olympic Dam Village is located about 5 km south of the
process plant, and 9 km north of the town, and comprises the construction workforce camps,
the industrial area and the airport.

At present, some 2,500 people live in the township and approximately 200 people at the
village. The township has been developed in accordance with the parameters set out in the
Indenture, and has a very well developed infrastructure. The town’s population enjoys a high
level of community amenities and has a very positive attitude towards involvement in
community activities.

Environmental management

An environmental management and monitoring plan has been formulated covering all
Olympic Dam operations, to ensure that the requirements of WMC's Environment Policy and
the legally required management obligations are fulfilled. The current plan consolidates and
updates the previous environmental monitoring programme and waste management plan,
and covers the period from 1 March 1996 to 28 February 1999. Annual environmental
management reports are made available to the public by Mines and Energy South Australia,
and copies are held by the State Library of South Australia.

All aspects of the Olympic Dam operations are regulated by comprehensive occupational
health and safety procedures, with a major focus on radiation safety. At the commencement
of operations in 1988, WMC initiated stringent radiation safety practices to protect all
personnel and the environment. The results of monitoring programmes have shown that
radiation exposure levels to employees, members of the public and the environment have
been maintained well within statutory limits and international guidelines. WMC has also
implemented formal programmes that continually seek to improve the safety of the
workplace.

WMC is continuing a consultation programme with the Roxby Downs community, local
pastoralists, Aboriginal groups and other community groups, in order to consult with
and inform them about the operation’s activities. Ethnographic and archaeological sites
are identified in consultation with the Aboriginal community, and recorded and
managed.

3 DESCRIPTION OF THE PROPOSED EXPANSION

The first phase of the proposed Expansion Project would increase copper production to the
already approved rate of 150,000 t/a by the year 1999, with a further increase, if approved, to
200,000 t/a to be achieved by the year 2000. However, an accelerated construction
programme is being implemented and these production rates may be achieved at earlier dates.



The WMC Board has made no formal decision on implementation of the possible second
phase expansion to a copper production rate of 350,000 t/a. However, for the purposes of
hydrogeological and economic modelling, it has been assumed in this EIS that the second
phase would be operational in the year 2010, and construction would start in the year 2008.

In planning for both phases of the Expansion Project, it has been assumed that ore would be
supplied exclusively by the mine. However, there may be times when feed for copper
production may be supplemented by ore imported from other mines in South Australia, or by
copper concentrates imported from other mines in Australia or overseas. The use of imported
copper concentrate or ore would be largely determined by economics and by the availability
of surplus capacity in the metallurgical plant. The importation and treatment of ores or
concentrates for the recovery of uranium is not proposed.

Geology and mineralisation of the deposit

The Olympic Dam deposit, located in the Stuart Shelf geological province in the far north of
South Australia, lies beneath approximately 350 m of barren, flat-lying sedimentary rocks
within a formation known as the Olympic Dam Breccia Complex (breccias consist of rock
fragments cemented by finer material). The core of the complex comprises barren
quartz—haematite breccias, flanked to the west and east by a broad zone containing
abundant haematite-rich breccias intermingled with altered granite breccias. The known
copper—uranium mineralisation occurs within these zones.

The mineralisation of the deposit can be broadly categorised as follows:

» copper-uranium (with some gold and silver) ore: This ore comprises most of the resource,
and is primarily contained within haematite breccias;

» gold ore: This ore type generally occurs as small zones hosted by either granite-rich or
haematite-rich breccias. There are some rare, but significant, extremely high-grade
concentrations of free gold, especially around the margins of the quartz-
haematite core.

Proved and probable total ore reserves as at 30 June 1996 are 73 Mt and 496 Mt respectively,
yielding an average of 2% copper, 0.6 kg/t uranium oxide, 0.7 g/t gold and 4.9 g/t silver.

Mining
In most respects, mining operations for the Expansion Project would remain unaltered. The
most significant changes proposed to achieve the target production rates are the construction

of a new vertical haulage shaft and the replacement of diesel trucks by an automated electric
rail system for ore haulage underground.

A coarse ore blending stockpile would be installed on the surface to achieve a more
consistent ore grade at the metallurgical plant. This blending stockpile would allow mining
to proceed in the most efficient manner by maximising the productive use of mining
equipment. It would also optimise the recovery of metal from ore in the processing plant by
minimising grade variations.

For the processing plant to achieve a sustained production rate of 200,000 t/a copper, the
mine would need to supply 8.7-9.2 Mt/a of ore, depending on the grade of ore processed.
At least thirty stopes would need to be operated in any one year for this rate of production.
At any one time, the number of stopes in operation would vary from an average of thirteen
to about twenty-three.

In the proposed expansion, the main ore haulage level would be established approximately
740 m below ground level. The new vertical shaft, referred to as the No. 3 shaft, would be
sunk from the surface to minimise interference with other operations. Underground




development associated with the No. 3 shaft would include a new crusher station and ore
handling system.

The ventilation system for the proposed expansion would be similar to that currently in use,
with approximately one new ventilation shaft being installed each year. A new backfill
system would be designed to maximise the use of deslimed tailings in addition to using other
backfill material from an expanded quarry. Expanded mine services would include
additional pumping facilities, water supply, power, communications and control equipment,
workshops, explosives magazine, and amenities.

Mineral processing

The principal modifications to the metallurgical plant for a nominal capacity of 200,000 t/a
refined copper would include the following:

* a new ore stockpile, a new autogenous mill and additional flotation cells added to the
copper concentrator section of the plant;

» expansion of the hydrometallurgical plant, including expansion of the tailings leach area
and expansion of the copper—uranium solvent extraction area;

» construction of a new smelter complex with a nominal capacity of 180,000 t/a copper,
and an associated acid plant of capacity 1,640 t/d sulphuric acid;

* expansion of the copper refinery to a nominal capacity of 179,000 t/a electrorefined
copper, and 23,750 t/a electrowon copper;

» construction of a new gold and silver refinery;

» relocation and expansion of buildings, laboratories and site services.

The modifications to the tailings retention system for the expansion to 200,000 t/a, assuming
the current paddock system for tailings disposal is continued, would include the construction
of another two tailings storage cells of 100 ha each, increasing the overall storage area to
390 ha. Another lined four-cell evaporation pond of 50 ha, to increase the overall
evaporation pond area to 118 ha, would also be provided. Discussion of an alternative
tailings storage system—central thickened discharge—is provided in Section 8. The mine
water disposal pond would be relocated and enlarged to 30 ha.

Modifications for the possible second phase expansion to 350,000 t/a would include:

e further expansion of the copper concentrator and hydrometallurgical sections of the plant
e construction of a new copper matte smelter and associated acid plant

« duplication of the copper refinery.

Modifications to the tailings retention system for this phase, based on the paddock method,

would include provision of a further three tailings storage cells of 110 ha each, increasing the
overall storage area to 720 ha.

4 WATER MANAGEMENT

Future rates of water abstraction from the Great Artesian Basin, including amounts required
for expansion up to a copper production rate of 350,000 t/a, will be maintained within the
requirements of the special water licences that apply to the borefields.

At present, of the approximately 425 ML/d of water flowing into the South Australian sector
of the Great Artesian Basin, pastoral use is estimated to be 132 ML/d; mound spring flows—
66 ML/d; flows associated with gas and oil production—22 ML/d; Olympic Dam and Roxby



Downs use—15 ML/d; and vertical leakage—190 ML/d. As part of the Expansion Project,
Olympic Dam water use is expected to increase to 34 ML/d for 200,000 t/a copper
production, and then to 42 ML/d for 350,000 t/a.

The cost of water at Olympic Dam is high owing to the extensive infrastructure required to
source the water and the cost of treatment to achieve potable water quality. At a copper
production rate of 200,000 t/a, the cost of process and potable water at Olympic Dam would
be some 1.8 and 2.7 times greater, respectively, than the cost of potable water to Adelaide
consumers.

The high cost has been an incentive for WMC to design the plant to be water efficient and
to investigate and implement water use minimisation programmes. Since the first full year of
production, process and potable water use at Olympic Dam has reduced from 2.10 kL per
tonne of ore milled to the current rate of 1.57 kL per tonne. A further reduction to 1.24 kL
per tonne is planned as part of the expansion to a copper production rate of 200,000 t/a.

Numerical modelling of the future borefield operation, over a planning period of twenty
years to the year 2016, was undertaken using an updated hydrogeological model and
recently acquired data to assess compliance with requirements of the special water licences.
The modelling was also used to update predictions on the effects of borefield operation on
mound springs and pastoral bores.

The results of the numerical modelling show that the drawdown limits of the special water
licences over the twenty-year planning period would continue to be met. The predicted
reductions in flows from current levels would be less than 16.5% for all mound springs and
less than 2% for those springs that are considered to be ecologically significant. An increase
in flow is predicted at a number of mound springs near Borefield A, with these springs having
shown the greatest flow reduction from the previous Borefield A operations.

The numerical modelling also shows that the pastoral bores closest to the WMC borefields
would be most affected by reductions in aquifer pressure. Two pastoral bores currently
having low artesian pressure are predicted to cease flowing. However, water would continue
to be available at these and all other existing pastoral bores, and current flow rates could, if
necessary, be maintained by pumping. Arrangements in this regard would be in accordance
with the Indenture, which contains provisions for the maintenance of existing pastoral water
supplies.

Options exist for the provision of water supplies beyond the twenty-year planning horizon
adopted for this EIS. These options include the continued use of the existing borefields
together with the development of further water conservation measures. In addition, it is
expected that estimates of the obtainable long-term water supply will increase. Such
increases could result from the use in future modelling of additional measured data
to replace assumptions made previously. The current modelling uses precautionary
principles in the selection of assumptions, thereby resulting in conservatively low estimates
of the available long-term supply.

The development of a borefield further into the Great Artesian Basin may also be necessary
to meet long-term water supply needs. If required, this borefield would be the subject of
further environmental evaluation. Although research indicates that water outflows from the
basin currently equal inflows, it is considered feasible that the basin could be further
developed by providing strategically positioned bores which harvest groundwater that would
otherwise be lost to evaporation via vertical leakage from the aquifer.

Groundwater below the Olympic Dam site generally occurs at a depth of 50 m, is highly
saline (with total dissolved solids in the range 20,000-40,000 mg/L) and contains detectable
levels of naturally occurring metals including uranium and radium. Owing to its salinity, this
groundwater is not currently used as a water supply, with the exception of some minor use
for dust suppression and drilling at the operations.
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The direction of regional groundwater flows was reviewed as part of this EIS. While not totally
conclusive, this review indicated that groundwater under Olympic Dam flows to the north-east
and then probably to the east, to the saline aquifers under the northern end of Lake Torrens.

The impact of the underground mining operations at Olympic Dam on the regional aquifer
is substantial but localised, with little if any effect distinguishable beyond a distance of
approximately 5-10 km. However, this localised aquifer drawdown does dominate the
groundwater regime of the mine area, with groundwater flowing towards the mine from all
adjacent areas, including the area beneath the tailings retention system.

Due to the slow rate of regional groundwater flow, water levels would be expected to take a
long time, perhaps centuries, after the cessation of mining to recover to a point where the
pre-mining groundwater flow system was re-established.

Seepage to groundwater is known to occur from the mine water disposal pond, which
receives groundwater that drains into the mine. This seepage, however, essentially
constitutes natural groundwater. Seepage also occurred previously from the tailings storage
facility and associated evaporation ponds, but the design and operation of these has been
changed substantially in recent years to ensure seepage is minimised. Investigations into this
seepage have concluded that it has had no adverse impact on the environment or the health
of employees or members of the public. In addition, groundwater monitoring around the
area indicates that the new measures are successfully meeting their objective of minimising
seepage.

As part of the Expansion Project, the tailings retention system would be expanded, with the
design of the new facilities incorporating features to ensure seepage continues to be
minimised. The extensive groundwater monitoring system in this area would also be
extended. In addition, the mine water disposal pond would be relocated so that seepage
from this facility would not interfere with groundwater monitoring near the tailings
retention system.

Stormwater management for the expanded project would continue to use the same approach
as the existing plant and would include the provision of impervious bunding around process
equipment, enabling spillages, wash water and stormwater to be collected and returned for
use as process water.

5 LAND USE

Although its viability has always been dependent on the region’s erratic rainfall,
pastoralism remains the most extensive land use in the region. Mining aclivilies are also
undertaken and these include Olympic Dam (copper, uranium, gold and silver); Coober
Pedy and Andamooka (opal); Mt Gunson (copper); and intensive minerals exploration in
the wider area.

Other land uses include defence-related activities at Woomera; tourism, particularly in the
Lake Eyre and mound springs areas; and conservation parks. Settlements are dispersed, with
Roxby Downs being one of only two major regional centres in South Australia north of Port
Augusta, the other being Coober Pedy.

Pastoralists in the region have benefited from the existing operation which has brought
improved access to town facilities and potentially more reliable stockwater supplies via the
Olympic Dam water supply pipelines.

Additional stock and fauna losses may result from increased vehicle traffic between Olympic
Dam and Woomera, particularly during the construction period. In the operational phase
there would be an increased risk to stock and pastoral property from the Iarger population.
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There would be no direct impacts from the proposed expansion on other land uses or features
of European heritage value in the region.

6 ABORIGINAL CULTURE AND RELATIONSHIPS

There are currently three registered claimant Applications for a Native Title Determination
over the Olympic Dam Project Area, which comprises the Special Mining Lease and
Municipal Lease areas. There are also several other applications over all or part of the
borefields and pipeline and power line corridors.

WMC has contributed to, and continues to participate in, statutory conferences and meetings
convened by the National Native Title Tribunal. In accordance with its Indigenous Peoples
Policy, WMC is committed to the continued protection of sites of Aboriginal heritage
significance, and has appointed community relations officers who are responsible for
ongoing consultation with Aboriginal groups in all of WMC'’s Australian operations areas,
including Olympic Dam.

Aboriginal heritage studies and consultation with Aboriginal groups have been ongoing since
the 1983 EIS, and have produced considerable additional information about the
archaeological and ethnographic aspects of Aboriginal heritage in the Project Area, the
borefields, the pipeline and power line corridors, and the Stuart Shelf Exploration Area. For
development in these areas, a strategy of site avoidance has been adopted for all
ethnographic sites and, where possible, archaeological sites.

Owing to the ubiquitous nature of the archaeological record in the Olympic Dam Project
Area, avoidance of archaeological sites is not always feasible. Prior to any new
development, Aboriginal people are consulted and surveys undertaken with consulting
archaeologists and anthropologists. A sign-off procedure is part of the surveys. Measures for
the protection of sites during construction are included in project-specific environmental

codes of practice.

In addition to fulfilling its obligations for Aboriginal heritage assessments, WMC is also active
in general support of broader Aboriginal cultural processes. The company has funded and
provided logistic support to a recent women'’s ceremony near Roxby Downs; supported an
archaeological site excavation and surface artefact collection by the Royal Geographical
Society of South Australia and the Andamooka Land Council; initiated discussions with
Aboriginal groups in relation to community development programmes; and developed
strategies to facilitate greater employment opportunities for Aboriginal people.

7 BIOLOGICAL ENVIRONMENT

WMC’s Environment Policy establishes the company’s corporate commitment to the National
Strategy for Ecologically Sustainable Development. WMC has effective environmental
management programmes for all its operations, and has implemented a government-
approved comprehensive environmental management and monitoring programme (EMMP)
at Olympic Dam. In addition, WMC staff undertake a wide range of biological research
programmes beyond the EMMP or legislative requirements, and this has led to a better
understanding of regional biodiversity and conservation issues.

Flora

The vegetation of the Project Area and region is characterised by low density arid zone
vegetation that has been degraded for over a century by past land use and introduced
herbivores, particularly the European rabbit. Within the Project Area, this type of
degradation has slowed since the more recent removal of domestic stock and the release in
1996 of Rabbit Calicivirus Disease.




The Project Area and region are dominated by three vegetation communities that occur
repeatedly and are associated with the two major landform types: dunefields and stony
tablelands. There are no species recorded in the Project Area or region that are classified as
rare or endangered under Australian or South Australian legislation.

The dunefields are generally dominated by Acacia woodland and tall shrubland vegetation
on the dune ridges, merging into low chenopod shrubland vegetation in the dune swales.
The Project Area contains relatively large areas of white cypress pine and western myall
communities that are biologically important and poorly preserved elsewhere in formal
conservation areas. The impact of the proposed expansion on these vegetation communities
is expected to be negligible.

Vegetation associated with water drainage occurs where water collects in swales between
some dunes. These areas are generally dominated by swamp cane-grass (sometimes with
lignum), chenopod low shrubland and short perennial grasses.

The vegetation present in areas of stony tableland is dominated by low chenopod shrubland.
Other significant vegetation communities associated with areas of stony tableland, such as
bladder saltbush/stalked Ixiolaena low shrubland and cane-grass tussock grassland, are not
expected to be affected during the proposed expansion. There are no plant species recorded
in the Project Area or region that are classified as threatened under Australian or South
Australian legislation.

In comparison with many other settled areas in Australia, relatively few introduced plants are
present. The majority of the sixty-three introduced species recorded are annuals and do not
pose a threat to native vegetation. In the past, three proclaimed pest plant species have been
recorded in the Project Area and twelve in the 1egion. The activities by WMC have not
increased the number or distribution of proclaimed introduced plant species in the region,
and the proposed Expansion Project is expected to have a minimal effect in this respect.

Past land clearing in the Project Area as a result of mining and associated activities has been
minimal (approximately 3.5% of the total area) although there have been adverse impacts to
some small areas of vegetation due to some air emissions and activities such as off-road
driving. However, these impacts have been mitigated thiough environmental management
actions and community education.

Predicted impacts of the proposed Expansion Project include clearance of some dunefield
vegetation communities, particularly tall shrubland and low chenopod shrubland. Land
clearance is expected to be between 632 ha and 1,082 ha for the 200,000 t/a expansion, and
between 1,008 ha and 1,628 ha for the 350,000 t/a expansion. However, vegetation and
communities of habitat and local conservation significance will be preserved wherever
possible (for example, in reserves in the municipal expansion area).

WMC has developed and implemented effective vegetation retention and rehabilitation
programmes during past development phases at both the operations area and township.
Strategies that retain vegetation and promote rehabilitation will be part of the EMMP and the
environmental code of practice for the Expansion Project.

Fauna

Species of particular conservation significance in the region and the Project Area include five
mammal species, twenty-one bird species and five reptile species. The plains rat,
plains-wanderer and possibly the woma python (if additional animals are found) are of
conservation significance either nationally or internationally. It should be noted that most
vertebrate species are naturally low in abundance in this arid environment.

Large mammals such as kangaroos have benefited from the removal of domestic stock and
the provision of fresh water and increased food resources. Eighteen bird species have also




benefited from the project as it has increased their water and food supply and nesting sites.
Past and current activities associated with mining in the region have not had an adverse
impact on small mammal populations in the Project Area.

All vertebrate species recorded before the 1983 EIS are still present. Detailed research
programmes by WMC have expanded knowledge of the distribution, abundance and ecology
of these and an additional number of species.

Some loss and modification of habitats as a result of the proposed expansion is unavoidable.
However, the habitats expected to be changed are not essential to the survival of any animal
species, and the total modified area is anticipated to increase from approximately 3.5% to
less than 10% of the total Project Area. Since the Project Area comprises less than 2% of the
dominant environmental association of the region, the overall disturbance to the association
is expected to be about 0.2%. Any adverse impacts to animals are expected to be localised
and short-term while animals shift to alternative habitats.

To guard against potential impacts to animals, WMC has implemented various management
procedures. These include fencing evaporation ponds and using deterrents to keep animals,
particularly birds, away from the evaporation and tailings retention ponds.

WMC will continue to monitor the presence and abundance of native and introduced
animals and, in addition, will continue to control the abundance of the rabbit, cat and fox,
as part of the EMMP. Control of these introduced species will continue to have a positive
impact on the abundance and diversity of native animal species in the Project Area.

Mound springs

The artesian (mound) springs present along the margins of the Great Artesian Basin, including
those located in the region of Borefields A and B, are important habitats for endemic and
relict plant and animal species, especially macroinvertebrate groups. The springs and their
habitats are important scientifically, historically and culturally.

Degradation of the mound springs has been occurring since European settlement, and has
been exacerbated by the uncontrolled use of artesian water and the continued use of the
mound springs habitat by introduced animals.

Plant species of conservation significance that are present in mound springs include salt
pipewort, twigrush, cutting grass and sea rush. Animal species of conservation significance
are also present, notably the fish species Dalhousie goby and Dalhousie hardyhead; the
endemic macroinvertebrate groups hydrobiids, ostracods, amphipods and isopods; and
probably a number of biogeographically significant spider species. Each of these taxa relies
on the habitat provided by mound springs for its survival.

The taxonomy and ecology of the invertebrates endemic to the mound springs are of great
interest to numerous researchers. Of particular interest is the isolation of endemic
invertebrate populations from each other, and the genetic variation and species divergence
that have occurred and are continuing to occur as a result of this isolation. WMC personnel
are currently involved in research of this type.

Recently, water abstraction by WMC has been identified as the probable cause of an adverse
habitat change at the Bopeechee and Hermit Springs spring groups. This impact has been
remedied by the reinjection of water adjacent to these spring groups and a reduction since
November 1996 in water abstraction in Borefield A from 15 ML/d to 6 ML/d.

The majority (up to about 85%) of water required for the proposed expansion will be
abstracted from Borefield B, with the abstraction rate from Borefield A remaining at 6 ML/d.
This scenario, as predicted by groundwater modelling to the year 2016, is expected to have
a significant, positive impact on water discharge rates and the ecology of mound springs in
the vicinity of Borefield A. Minor to moderate negative impacts to mound springs are expected
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as a result of pumping from Borefield B. The greatest impact is predicted to occur to springs
within the Wangianna spring group. This spring group is composed of several spring vents,
the largest of which has been highly maodified for pastoral use. The springs in this group lack
plant species of conservation significance and have only small populations of endemic
mound springs fauna.

WMC will continue monitoring mound springs water flow rates, vegetation and endemic
invertebrate populations as part of the EMMP. The company is also in the process of
conducting additional sole and collaborative research on significant mound springs plant and
animal species and is considering further research options to assist in the understanding and
management of the mound springs.

8 TAILINGS MANAGEMENT

The principal components of the existing tailings retention system at Olympic Dam are:

* a ‘paddock method’ tailings storage facility, comprising three storage cells of
approximately 190 ha total area, tailings distribution pipelines contained within a bunded
pipeline corridor and decant facilities for supernatant tailings liquor;

* two liquor evaporation ponds, each divided into four cells with a combined evaporative
area of 68 ha, which are used to dispose of supernatant tailings liquor and excess acidic
process liquor by evaporation;

* a mine water disposal pond used for the disposal of groundwater that drains into the
mine, partly by evaporation and partly by seepage.

In the current operation, some of the tailings from the metallurgical plant are treated to
remove the sand fraction for use as mine backfill. The remaining fine fraction and the
remainder of the tailings are thickened and pumped to the tailings storage facility via two
above-ground pipelines. The pipeline route is bunded for the entire length, with transverse
bunds at regular intervals to contain any spillage.

Other minor waste streams from processing are also directed to the tailings retention system.
Excess acidic liquor resulting from tailings thickening passes to the liquor evaporation ponds,
as does supernatant liquor decanted from the tailings storage facility.

The present tailings production rate varies depending on the quantity of ore milled and
whether or not the sand plant is in operation. The amount of tailings expected to be delivered
to the tailings storage cells during 1996-97 is approximately 2.7 Mt. About 4% of the tailings
produced is presently used as mine backfill, with an objective of the Expansion Project being
to increase this proportion to approximately 20%. On this basis, the rate of tailings delivery
would increase to about 6.6 Mt/a at 200,000 t/a copper production and 12.5 Mta at
350,000 t/a copper.

The operation of the tailings retention system was changed in 1994 and 1995 to its present
arrangement following the discovery of a localised elevation in the water table, which was
attributed to seepage from the system. The results of all investigations concluded that the
seepage had no adverse impact on the environment or on the health of employees or
members of the public. This conclusion was supported by the findings of the Environment,
Resources and Development Committee of the Parliament of South Australia.

Management and monitoring systems

Management and monitoring systems for the existing tailings retention system are well
established and would be extended to meet the needs of the Expansion Project. Management
of the system involves the collection and assessment of operational data, and planning for



future development of the tailings system. It also involves operational staff checking the
system several times a day, and making adjustments where necessary.

The operational data collected are used in liquor balance calculations to identify any
apparent loss of liquor before the loss begins to have any environmental effects. The existing
groundwater monitoring system would also be extended to cover the expanded facilities.

For the Expansion Project, two tailings storage options are being considered. One is to
continue the existing paddock method, constructing additional similar cells. The other is to
adopt a new tailings storage method for the site, which would involve further thickening of
the tailings slurry and discharging it from elevated outlets to form a final tailings profile
resembling a series of intersecting flattened cones. The feasibility of using the new central
thickened discharge method on the Olympic Dam tailings is the subject of current pilot trials.

Among other important design criteria, the design of the expanded tailings facilities for both
options would include measures to ensure that seepage is minimised. Features of the design
to minimise seepage would include:

 site preparation to provide a low permeability floor lining;
* use of perimeter embankments that incorporate a low permeability clay zone;

* deposition of the tailings in thin layers, allowing the tailings to dry and consolidate prior
to the deposition of subsequent layers;

= use of decant structures to remove supernatant liquor for disposal by evaporation in lined
ponds.

Hydrology

The expanded facility would be designed to handle run-off from extreme rainfall events. The
paddock method currently used would achieve this by storing the run-off on the tailings
surface, allowing removal by the decant facilities for use in the process or disposal by
evaporation. The central thickened discharge method would require the provision of
stormwater ponds, sized to store the run-off resulting from a 1-in-100-year average return
interval storm.

As discussed above, the focus of the design and future operation of the expanded tailings
retention system would be to minimise seepage. It is relevant, however, to assess the likely
impacts if seepage were to occur. In this regard, monitoring results and other test work
conducted on the existing facilities provide a sound basis for making predictions.

The Andamooka Limestone which underlies the entire site, including the tailings storage
system, has been shown by experience to offer both advantages and disadvantages as a
foundation. The obvious disadvantage is the limestone’s inherent permeability, requiring the
proposed floor preparation and lining systems to minimise seepage. However, the limestone
has the ability to neutralise acidic liquors and to remove metals (including radionuclides)
from solution, thereby providing a natural safeguard to minimise pollution.

Another safeguard for the control of groundwater pollution is the presence of the cone
of groundwater depression associated with the underground mining operation. This
dominates the local groundwater regime, resulting in groundwater flow within about
5-10 km towards the mine. As discussed in Section 4, this effect would continue to
develop as the mine expands and is expected to persist for a long time, perhaps centuries,
after the cessation of mining.

Tailings radiation control

The tailings at Olympic Dam contain approximately 80% of the radioactivity associated with
the original ore. The operation and final rehabilitation of the tailings storage facility would
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therefore be determined by the need to ensure that doses to people from the radiation
remaining in the tailings are as low as reasonably achievable and less than levels considered
acceptable.

Measurements of radon and radon decay products in air near the tailings storage facility
during operations have shown that natural ventilation is sufficient to disperse and dilute
radon and radon decay products to very low levels within quite short distances.

Similarly, dust monitoring has shown that the tailings storage facility is not a major dust
emission source. This is because the smooth, flat, even grain size and moist surface of the
tailings limit the processes that could lead to dust lift-off. Although the potential for dust
increases during mechanical working of the tailings, particularly during successive lifts of the
storage cell walls, water sprays are effective in limiting dust release.

A final rehabilitation plan for the tailings storage facility is subject to ongoing trials.
However, preliminary calculations indicate that provision of 1 m of cover over the tailings
surface, overlain by rock armour, would be sufficient to achieve an acceptable reduction in
the long-term release of radon.

9 AIR QUALITY AND NOISE

Air quality

Airborne process emissions at Olympic Dam include sulphur dioxide, sulphur trioxide and
sulphuric acid mist, oxides of nitrogen, hydrogen fluoride, carbon monoxide, carbon
dioxide, particulate matter and dust. The principal sources of gaseous emissions are the acid
plant, the copper smelter and fuel burning equipment. Process particulate emissions arise
mainly from the smelter. Dust is also produced in plant operations, quarrying and traffic
movements.

Meteorology, including wind patterns and thermal structure, is the major factor governing the
transport and dispersion of airborne emissions. Weather information has been recorded for
several years at weather stations near the Olympic Dam operations, and the data collected
have been used to predict the impact of the emissions from the proposed Expansion Project.
Results from dispersion modelling studies and assessment of gaseous emission controls for
individual process units indicate that the Expansion Project will conform to existing and
anticipated national and State air quality goals and emission limits.

Dust arises mainly from the handling and storage of process chemicals in stockpiles, from
quarry operations and from unsealed roads. Dust control measures currently include the use
of covered and underfeed conveyors, water sprays and road wetting. The control equipment
and techniques already in use on the site have kept occupational concentrations below levels
recommended and these measures would continue to be employed for the Expansion
Project. Environmental dust levels outside the Special Mining Lease are well within State and
national guideline figures.

Noise

The expanded operations would involve the addition of a new range of operating machinery,
and hence new noise sources. The existing plant operations were used as a baseline in the
assessment of potential noise impacts from the proposed expansion on residents of Roxby
Downs township and the Olympic Dam Village. Predicted noise levels, including maximum
operating sound power, were calculated for each phase of development. These predicted
levels were then compared with environmental requirements.

It was calculated that noise levels for the Expansion Project would remain generally less than
62 dBA at the security fence, with a maximum of 67 dBA, following possible future



expansion to 350,000 t/a copper production. Predicted noise levels at the Olympic Dam
Village, adjacent to the Special Mining Lease boundary, would be up to 34 dBA. These levels
are below the criterion limit of 70 dBA for an industrial zone. The predicted noise levels at
Roxby Downs and Olympic Dam Village would increase by 1-2 dBA, but would be some
5-10 dBA below the existing minimum background noise levels in Roxby Downs and would
therefore not be audible at most times.

Within the operations area, occupational noise levels would continue to be at sufficient
levels in some areas to require control measures. The contracts for new equipment would
include noise specifications to limit occupational noise exposure as much as practicable.
Other occupational control measures, which include hearing protection equipment, noise
monitoring, signage and employee training, would continue.

10 RADIATION

Radiation is associated with the mining, processing and disposal of wastes from the Olympic
Dam operation.

In making predictions about the likely impacts of the proposed Expansion Project, there is a
wealth of data available from the previous operation upon which to draw. The radiation
studies conducted for this EIS have also made use of the most recent recommendations by
national and international expert bodies charged with researching scientific evidence relating
radiation exposure to health effects. Where data from years past have been used, the
radiation exposures have been recalculated in order to provide a consistent method of
comparing recent and past exposures.

The occupational and environmental radiation data that have been generated during the
operation of the current mining, processing and waste disposal facilities at Olympic Dam
have been analysed and used to determine the impacts of operating the facilities at the
current copper production rate of 85,000 t/a. Where it has been possible to identify causal
links between production and radiation levels, the relationships have been used to predict
the likely impacts associated with copper production rates of 200,000 t/a and 350,000 t/a.

Individual radiation exposures to underground mining personnel are unlikely to be greatly
changed by an increase in production rates, the reason being that the ventilation system,
local ventilation control and mining methods would remain largely unchanged, and these are
the three factors that have the greatest influence on the exposure rate. The analyses of past
data show a relatively constant rate of exposure from year to year. The effects of the
proposed automated electric train haulage system on radiation exposure would be the
subject of investigations once the system was operational. However, it is likely that any effect
would be to reduce individual exposures.

Proposals for the expanded surface facilities are largely extensions of existing facilities and
methods. The major exceptions are that a new smelter and a new calciner will be
constructed. Analysis identified the existing smelter as the source of the greatest individual
radiation exposures. The design of the new smelter incorporates features to reduce the
radiation doses, and hence reduce these exposures.

The analyses of past exposures in the metallurgical treatment plant show a relatively
unchanging annual rate. Predictions based on the monitoring of current exposure rates show
that future exposures would be maintained well within currently recommended limits.

As part of Olympic Dam’s monitoring programme, pathways along which radionuclides
travel following release into the environment have been examined to determine the
geographical extent of dispersion. In general, radionuclides attributable to operations can be
found at distances up to 5 km from the site. Beyond this they are difficult to distinguish from




background radiation. As a consequence, radiation doses to the public are unlikely to
significantly change following the Expansion Project and are expected to remain at only a
small proportion of international radiation standards.

11 PROJECT INFRASTRUCTURE AND TOWN DEVELOPMENT

Water supply

Water is drawn from Borefield A and Borefield B in the south-west of the Great Artesian
Basin, and pumped via buried pipelines to Olympic Dam. Borefield A was approved in the
1983 EIS, and Borefield B was approved in November 1995 following further
hydrogeological and environmental assessments.

Borefield B is being developed in two stages. The initial stage, for which commissioning
commenced in November 1996, involved the installation of three production bores (only one
of which is currently in operation), seven observation bores, approximately 110 km of buried
pipeline to connect with the existing Borefield A (M1) pipeline, and a forward pump station.
Stage 2 will include the construction of an additional pipeline to Olympic Dam beside the
M1 pipeline, connection of the other two production bores, and the decommissioning of an
existing pump station.

The Borefield B pipeline route was selected after consideration of environmental constraints,
engineering requirements and cost optimisation factors. All work was confined to a
disturbance corridor of minimum practicable width within an overall easement of 100 m.
Particular care was taken to avoid and protect sites that were significant in terms of flora and
fauna habitat and Aboriginal heritage.

A specific environmental code of practice was prepared for the construction of Stage 1. All
aspects of the work were subject to environmental clearance and assessment of work
methods before commencement. Compliance with the code of practice was regularly
audited, and monitoring has continued to assess the environmental effects of construction.
A similar process will be implemented for Stage 2.

Electricity supply

Electricity is currently supplied to Olympic Dam via a 132 kV transmission line from the
Davenport substation at Port Augusta. A new 275 kV transmission line, which had been
foreshadowed in the 1983 EIS, is presently being constructed. The new line will parallel the
existing line for most of its length with minor deviations near Port Augusta, to comply with
the revised Port Augusta Development Plan, and east of Woomera to avoid an area of
Aboriginal heritage significance.

The corridor for the dual lines will be approximately 130 m wide (an increase of 30 m over
that originally predicted), providing a separation of 80-90 m between the two lines. With
the exception of those areas where the new transmission line deviates from the existing
easement, the present service road will be used for construction and line maintenance.
Disturbance will be confined to the new transmission tower sites, and to some limited
vegetation clearance in order to maintain statutory conductor clearances.

For the possible expansion phase to 350,000 t/a copper, the existing 132 kV line is proposed
to be replaced with a second 275 kV line (in addition to the one presently under
construction) in order to ensure security of power supply. This additional new line would
follow the same alignment as the existing 132 kV line, apart from the two minor deviations
for the 275 kV line under construction. Any additional environmental disturbance caused by
construction of the additional 275 kV line would be minimal.



As with Borefield B, a specific environmental code of practice has been prepared for the
transmission line under construction. The code of practice will be updated prior to the
construction of the future additional 275 kV line.

Other infrastructure

The existing road network is suitable for the Expansion Project, during both construction and
operation. No additional roads would be required, other than minor roads in the plant area
and in Roxby Downs township. The construction of a railway line to Olympic Dam is not
included in the current proposal, although it is a future option. It would be subject to
separate technical and economic review,

The products from Olympic Dam would continue to be exported through Port Adelaide.
Should the option of importation of copper concentrates be pursued, the port facilities at
Whyalla, Port Pirie or Port Adelaide could be used for this purpose. The possible importation
of copper concentrates through Whyalla would require an upgrade of the wharf facilities and
infrastructure.

Olympic Dam is serviced by a licensed all-weather airport, capable of handling turboprop
and small jet aircraft. During the construction period, additional flight services may be
needed. The use of larger aircraft would require an upgrade of the runway and terminal
facilities; a decision to increase capacity in this way has not yet been made.

Olympic Dam is connected by optical fibre cable with the national telephone grid.
Telecommunications planning provides for an increase to the capacity of the existing service
in response to project demands. Telstra has recently installed a digital mobile telephone
service to cover the operations and Roxby Downs township.

Township development

The first phase of the Expansion Project requires the provision of up to 130 new dwellings
for the increased permanent workforce, and the development of two self-contained
construction villages with a combined capacity of 1,200 people and provision for expansion
to 1,600. The South Australian Government has announced funding for the construction of
a medical centre in Roxby Downs, which is expected to be opened in early 1998.

Town planning provides for an additional 200 residential allotments if required, increased
open space, pedestrian and cycle pathways, and additional recreation facilities, particularly
for teenagers. A new caravan park is also proposed. The town planning also provides for
future development of the town to the south, for the possible future second phase of the
Expansion Project.

Water supply, sewerage and sewage treatment infrastructure and electricity services would
be expanded or replaced as appropriate.

In the conceptual design for the township expansion, particular attention has been paid to
the effects of climate, the preservation of vegetation and sand dunes, and the avoidance of
Aboriginal heritage sites.

12 SOCIAL ENVIRONMENT

The principal feature of the social environment for the Olympic Dam operations personnel
is the town of Roxby Downs, which was established in 1986 to accommodate Olympic Dam
personnel, their families, and the associated commercial and community facilities.

The Roxby Downs Statistical Local Area, which includes the town of Roxby Downs and the
Olympic Dam Village, is markedly different in its social characteristics from the surrounding




Northern Statistical Division and South Australia as a whole. Population and employment
have been declining in the Northern Statistical Division while increasing in the Roxby
Downs Statistical Local Area. The population of the latter is younger and better educated,
has a higher income and rate of employment, and is characterised by predominantly two-
parent families and far fewer single-parent families.

The fundamental social effect of the Expansion Project would be an increase in the number
of permanent jobs that are likely to be generated locally. This increase derives from both
direct and indirect employment—‘direct’ referring to employment on the project site and
‘indirect” to the non-project workiorce employed by the public and private sectors in
supporting the project, its workforce and the town.

It is estimated that the direct operational workforce at Olympic Dam will need to increase
from 895 to 1,076 by the year 2000. This increase of 181 persons is predicted to consist of
159 new jobs in the mine (120 staff and 39 contractors) and 22 in the process plant (11 each
of staff and contractors).

It is also estimated that in 1996 there were between 269 and 358 persons in the indirect
operational workforce and that this is likely to increase to between 323 and 430 by the year
2000. This would represent the generation of between 54 and 72 new positions in the
indirect operational workforce.

It is expected that an average direct employment of 1,300 construction personnel including
management will be required on site, over a two-year period, to expand the mining and
processing facilities to enable production to reach 200,000 t/a copper by the year 2000. In
addition, between 200 and 300 personnel are likely to be required on a short-term basis from
January to April 1998.

Itis further estimated that between 130 and 260 indirect jobs based at Olympic Dam will be
required to support the two-year construction workforce of 1,300. It is expected that most of
these additional indirect jobs will be casual and filled by existing residents of Roxby Downs
and Andamooka.

A model was developed for estimating the likely size and social characteristics of the
increased population of Roxby Downs resulting from the increased direct and indirect local
workforce. From this model, the 1996 population of Roxby Downs of 2,500 is estimated to
increase to 3,100 by the year 2000 and to 4,500 by the year 2010.

An assessment was made of the implications of the increased population for the town and its
services, including housing, child care and education, community health and medical
services, community welfare and support services, recreation and cultural facilities, policing
and emergency services, and retail and commercial facilities. The results of the assessment
showed that the increase in population resulting from the expansion to 200,000 t/a copper
production would have a minimal impact on existing services and facilities.

As part of the EIS process, consultations were held with the communities of upper Spencer
Gulf, Roxby Downs and Andamooka. The municipal councils and economic development
boards of Whyalla, Port Augusta and Port Pirie expressed a generally positive view of current
Olympic Dam operations and of the proposed expansion, which are seen as a source of
economic and social benefits to local communities.

In the main, the residents of Roxby Downs liked living there, referring to the lown as ‘an oasis
in the desert’. Residents generally had a high level of satisfaction but were keen to see a
range of specific improvements in the design and functioning of the town. These views have
been taken into account by WMC in designing the southern expansion of Roxby Downs.



Overall, apart from reservations about the influx of the construction workforce, the
proposed expansion is viewed positively by Roxby Downs residents, with potential
benefits including the creation of employment opportunities, with associated social and

economic benefits, and a sufficient increase in the population of Roxby Downs to
enable a viable expansion of commercial facilities as well as to justify an expansion of
community services.

13 ECONOMIC IMPACTS

The impacts on the South Australian and Australian economies of increasing production at
Olympic Dam were modelled using a computable general equilibrium (CGE) model which
provided estimates of changes in employment, gross state product (GSP) and gross national
product (GNP) and a number of other economic indicators.

Two phases of expansion were modelled, the first being expansion to production of 200,000 t/a
copper, and the second phase being possible future expansion to a production rate of
350,000 t/a. Each phase consists of a construction period and an operational period,
modelled separately.

The construction periods, commencing respectively in the years 1997 and 2008, are
relatively short term, generate activity and employment in the construction and service
sectors of the economy, and require imports of equipment.

The operational phases, commencing respectively in the years 2000 and 2010, generate
employment in mining and processing, and produce metals for domestic use and export. The
‘base case’ for modelling the expansion to 200,000 t/a is production in 1996-97 of 85,000 t/a,
and the base case for expansion to 350,000 t/a is production in 2006-07 of 200,000 t/a. The
results reported are changes from the base case for a ‘typical year’ of construction or
operation.

Construction for the first phase of expansion to 200,000 t/a is planned to last for two and a
half years. Direct employment at Olympic Dam is estimated at 1,300 jobs. Total
employment generated in South Australia is estimated at between 1,750 and 2,500 jobs,
with up to 3,000 additional jobs in Australia. (This was the only phase for which
employment in the rest of Australia was estimated; all subsequent estimates are the ‘low
estimate’ of employment generation.) It is predicted that the GSP for South Australia would
increase by between 0.4% ($120 million) and 0.5% ($150 million), with a negligible
increase in GDP.

The operational phase of expansion to 200,000 t/a is expected to employ directly up to
181 people additional to the base case. Total additional employment in South Australia is
estimated at 1,100. It is predicted that the South Australian GSP would increase by 0.4%
($115 million) and the GDP would increase by 0.1% ($340 million). Annual royalty
payments to the South Australian Government are expected to increase by $12 million,
depending on metal prices.

The future possible expansion to 350,000 t/a has been modelled on the basis of a
construction phase that would last for two and a quarter years. The construction workforce
is estimated to be 1,100 people and total employment in South Australia is estimated at
1,240. The GSP for South Australia is predicted to increase by 0.3% ($87 million) with no
change in the GDP.

The employment generated in the operational phase of expansion from 200,000 t/a to
350,000 t/a is predicted to be up to 510 additional jobs at Olympic Dam and a total of




il

1,190 additional jobs in South Australia. The GSP is expected to increase by almost
0.5% ($135 million) and the GDP by 0.1% ($468 million). The South Australian Government
is expected to collect $17 million in royalties each year.

The CGE model was used to estimate impacts of the expansion on other sectors of the
economy in investment and output from mining and processing. A minor contraction in
some sectors is predicted, particularly in agriculture (and mining during the construction
phases) owing to price and exchange rate effects. In all cases, these would be offset in South
Australia by the Olympic Dam project and GSP increases. National effects are negligible;
however, these contractions lead to slight decreases in GSP in other States, in some of the
phases modelled.

A slight increase in the consumer price index is estimated, and this flows through to a need
for increased borrowings by the Commonwealth Government to make indexed welfare and
other payments. In the construction periods there are short-term negative effects on the
balance of trade owing to the importation of equipment. In the operational phases, the
impact on the national balance of trade is positive, and predicted to be $96 million annually
for 200,000 t/a copper and $124 million annually for 350,000 t/a.

The impacts of the Expansion Project on the South Australian economy would be positive in
terms of employment created, revenue raised by the State and contributions to the GSP.
Production at a future possible rate of 350,000 t/a would support an additional 2,290 jobs in
South Australia, compared with the base case in 1996-97. The estimated increase in GSP of
more than 0.5% when operations are at 350,000 t/a is significant in terms of the State’s
annual total increase in GSP, which has ranged between 1.0% aind 5.7% since the beginning
of the 1990s.

14 REHABILITATION AND DECOMMISSIONING

Olympic Dam has an existing rehabilitation programme to reinstate and revegetate disturbed
areas using local indigenous plant species and ensure the long-term viability of rehabilitated
areas. Achieving these objectives involves progressively rehabilitating areas disturbed by
operational activities and conducting a monitoring programme to assess the effectiveness of
rehabilitation, and modifying the programme if needed.

Before land disturbance or construction can begin, a signed environmental clearance form
must be obtained from the Environmental Superintendent. The clearance sets conditions that
minimise the impact of disturbance and thereby facilitate rehabilitation. All areas disturbed
in any significant, adverse way by the Expansion Project would be rehabilitated according to
the existing rehabilitation methods and monitored o ensure the completion criteria arc met
before finalisation of the project.

Rehabilitation planning begins before areas are disturbed and is an integral part of the
existing clearance procedure. The existing rehabilitation programme uses passive methods
for small areas, which essentially involve leaving them to regenerate naturally, and active
methods for larger areas, which require earthworks as well as additional sources of locally
collected seed.

Successful rehabilitation programmes undertaken since 1984 include those on drill pad sites,
disused access roads and tracks, borrow pits and, most recently, the Borefield B pipeline
corridor. Further development of rehabilitation procedures and the continued application of
environmental codes of practice will ensure that standards of rehabilitation are either
maintained or improved.



The decommissioning of the areas managed by WMC would be to a best practice
standard, with rehabilitation success measured by the development of a self-sustaining
state in rehabilitated areas compared with undisturbed communities. Final rehabilitation
procedures and completion criteria would be included in a decommissioning plan that
would be submitted to the South Australian Government for approval prior to
implementation. Due to the acidic nature of the tailings, the type and extent of
rehabilitation for the tailings storage cells will be determined by the results obtained from
ongoing rehabilitation trials.

The rehabilitation procedures and completion criteria contained within the plan would
generally focus on such parameters as vegetation species composition, vegetation density,
vegetation cover, likely fauna species composition and abundance, water quality, erosion
rates, visual quality and land capability.

15 MANAGEMENT AND MONITORING—ENVIRONMENT
AND WORKPLACE

Environmental management at Olympic Dam is guided by the EMMP. In addition, the site’s
Statement of Environmental Commitment requires all employees and contractors to be
responsible for implementing environmental management guidelines. Specific personnel,
however, are responsible for monitoring, auditing and reporting environmental performance
as well as providing specific environmental advice to management, other employees and
contractors.

There are environmental management and monitoring programmes undertaken at
Olympic Dam covering meteorology, waste management, hydrogeology, airborne
emissions, environmental radiation, vegetation, rehabilitation, fauna, borefields
(including the mound springs), and community consultation and heritage issues. Reviews
of the management and monitoring activities are provided to regulatory authorities in
quarterly and annual reports.

In addition to the statutory requirements placed on WMC, employees are undertaking
research programmes in the Olympic Dam area and the surrounding environs which are
increasing knowledge of the region’s environment to an exceptionally high level.

Environmental management during construction of the Expansion Project would be guided
by an environmental code of practice. This code describes the procedures to be followed to
minimise environmental impacts and the monitoring and audit process that would be
undertaken to verify compliance. The environmental code of practice would be
incorporated into construction contracts and issued to all contractors and new personnel as
part of the site induction process.

Olympic Dam also has in place a workplace hazard management system, which would
continue to be used. A review of existing workplace hazards has been undertaken to
provide information for the design of the Expansion Project.

Following the Expansion Project, Olympic Dam would continue to use and store minor
quantities of hazardous chemicals. The small inventories of these chemicals, together
with established safety procedures and the remoteness of the site, would result in
negligible off-site individual and societal risk.

The safeguards that would be adopted for the construction and operation of the Expansion
Project are important elements of the proposed overall environmental management. The
following table summarises these safeguards together with outcomes that have been
predicted based on experience with the existing facilities.

i
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Summary of environmental safeguards

Issue

Erosion

Vegetation
disturbance

Bushfires and
other fires

Changes to
groundwater

Air pollution

Water pollution

Exposure to
radiation

Pollution from
solid and liquid
waste

Noise

Economics

Social,
recreation and
community
considerations

Environmental safeguard

Environmental clearance would be required
prior to constructing any new works.
Progressive rehabilitation would be
undertaken.

Environmental clearance would be required
prior to constructing any new works.
Progressive rehabilitation would be
undertaken.

Natural safeguard is provided by
characteristics of regional vegetation.
Further protection is provided by roads and
tracks and the site fire-fighting service.

Design of the tailings storage facilities and
evaporation ponds has been based on
ensuring seepage is minimal. As a further
safety factor, the tailings retention system is
also located within the cone of groundwater
depression caused by dewatering of mining
operations. The existing extensive
groundwater monitoring system would be
extended to include the new facilities.

Expanded facilities would incorporate
additional air cleaning equipment and higher
discharge stacks. Improved ventilation of
work areas would also be provided.

Processing areas would be sealed and
bunded to enable spillages to be collected
and returned to the process.

A comprehensive range of safeguards is
already in place. These include management
of working conditions (ventilation), limitation
of access, use of protective clothing and
equipment, and monitoring.

Solid and liquid wastes with potential to
pollute would be managed in the tailings
retention system.

Noise emission limits would be specified in
equipment supply contracts. Access would
he controlled and hearing protection
equipment provided where required.
Workplace noise monitoring would be
undertaken.

Expansion Project policy is to use South
Australian services and labour as far as
reasonably practicable, taking into account
technical, quality and delivery
considerations.

Additional housing would be provided at
Roxby Downs for the increased operational
workforce. Construction personnel would be
provided with accommodation and
recieation facilities at Olympie NDam Village
to minimise the need to interact with Roxby
Downs. Arrangements for the provision of
social infrastructure at Roxby Downs are
contained in the Indenture.

Predicted outcome

Experience has shown erosion is controlled
effectively by safeguards.

The Expansion Project would result in further
clearing for the construction of new facilities.
Some amelioration would be provided by
progressive rehabilitation. Experience has
shown safeguards to be effective in
minimising clearance.

Bushfires are not expected from site
activities. There is a high level of confidence
in the site fire-fighting service's ability to
contain and control fires.

Changes in groundwater systems under the
Special Mining Lease would be dominated
by dewatering of mining operations and the
associated mine water disposal pond. No
significant or detrimental change in
groundwater quality is expected.

There would be overall improvement in
ambient and workplace air quality.

No pollution of surface or groundwater is
expected.

No significant increases are expected in
individual or combined exposure levels.
[xposure levels would remain well within
current guidelines. There would be a
probable reduction in maximum exposure
resulting from optimised smelter design.

No significant or detrimental pollution is
expected.

No noise impacts to residential areas are
expected owing to distance from site.

Olympic Dam would continue to be a
significant contributor to the State economy.
It would provide both short-term and long-
term additional employment and revenue for
governments,

Residents of Roxby Downs would continue
to enjoy the benefits of high household
incomes and the use of excellent social and
recreational facilities.



Issue

Renewable

resources

(water usage)

Mound springs

Surface traffic

Greenhouse gas

emissions

Heritage sites

and values

Biological
diversity

Design for

environmental

protection

Employee and

contractor
education

Summary of environmental safeguards (continued)

Environmental safeguard

Agreed limits on drawdown of potentiometric
heads are incorporated into special water
licences. Potentiometric heads would
continue to be monitored in the borefields
region.

Agreed drawdown limits are set out in
special water licences. Ongoing monitoring
would be conducted in the EMMP.
Enhanced monitoring of Davenport

and Welcome spring groups would be
undertaken.

Transport arrangements during construction
would be developed in consultation with
relevant authorities.

WMC has committed to joining the
Greenhouse Challenge. An engineer
specialising in life cycle analysis has been
employed to focus on energy and water use
minimisation. Regular energy audits of the
site have commenced.

The operations are conducted in accordance
with the WMC Indigenous Peoples Policy.
Consulting archaeologists and anthropologists
consult with the Aboriginal people prior to
any construction activities. A Community
Liaison Officer is responsible for ongoing
consultation with the Aboriginal people.

Ongoing monitoring is conducted in
accordance with the EMMP.

Environmental design criteria are established
prior to commencement of design.
Preliminary designs are also reviewed by site
staff with responsibility for environmental
management prior to finalisation. A signed
environmental clearance form is required
prior to commencement of construction.

Environmental codes of practice are
incorporated into construction contracts.
Formal inductions occur for all new
employees and contractors on the site,
covering safety, environmental issues and
radiation management.

Predicted outcome

Drawdown of potentiometric heads would
remain within the agreed limits.

Significant positive impact for most mound
springs in Borefield A region. Minor to
moderate adverse impact on some mound
springs in the vicinity of Borefield B

(for example, the biologically insignificant
Wangianna spring group).

Some disruption of traffic is inevitable owing
to the use of off-site fabrication and hence
oversized loads. These loads would have the
necessary escorts and provide frequent
passing opportunities for other traffic.

The energy use per unit of production is
expected to reduce.

Disturbance of ethnographic sites would be
avoided and disturbances of archaeological
sites minimised. Experience with the
Borefield B pipeline and the 275 kv
transmission line show disturbance of sites of
significance can be avoided by careful design
and route selection.

No recduction in biological diversity of the
region is expected. Monitoring and research
undertaken by WMC staff and consultants are
providing valuable knowledge of the regional
environment. WMC also actively controls
feral animals and has voluntarily removed
stock from previously overgrazed areas.

The plant and infrastructure design avoids
environmentally sensitive areas wherever
practicable. Construction activities are based
on facilitation of rehabilitation and are also
responsive to previous environmental
management experience.

There is a thorough understanding of site
requirements by all employees and
contractors.
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PROJECT OBJECTIVES AND
BACKGROUND

CHAPTER

This chapter provides the background to the Olympic Dam Project, including information on WMC
Limited, the existing operations at Olympic Dam and the proposed Expansion Project. The history of
development, the approvals process and project timing are also discussed. The chapter includes a
discussion of the world’s copper and uranium markets, and the consequences of not proceeding with the
project. It concludes with an outline of the scope and structure of the remainder of the report.

1.1 PROJECT BACKGROUND

1.1.1 Company profile

WMC Limited (WMC) is one of Australia’s largest mining companies. Its main business is the
discovery, development and processing of mineral resources.

Established in 1933, WMC is managed and predominantly owned by Australians. During the
1980s it extended its activities to overseas countries, in keeping with its strategy of becoming
an internationally oriented resource-based enterprise.

In addition to being a major world nickel producer and one of Australia’s largest gold
producers, WMC holds extensive interests in copper and uranium. It also has a major
shareholding in Alcoa World Alumina and Chemicals (AWA), the world’s largest producer of
bauxite, alumina and alumina-based chemicals, and a major Australian producer of
aluminium.

Hi-Fert, a company wholly owned by WMC, is a major supplier of fertiliser products in
Australia, with a network of over 190 agents. WMC is presently developing a world-scale
fertiliser plant based on a large phosphate rock deposit at Phosphate Hill, near Mount Isa in
Queensland. WMC also produces talc for processing and sale in Japan and Europe.

WMC’s overseas activities include mineral exploration in North and South America, Africa
and the Philippines, and evaluation of processing opportunities in Eastern Europe and
elsewhere.

At 30 June 1996 WMC had equity accounted assets of $6,982 million with parent
shareholders’ equity of $4,168 million. WMC’s sales revenue in 1995-96 was
$2,350 million. If its 40% interest in AWA were to be included, this figure would rise to
$3,864 million. WMC has approximately 92,000 shareholders and 7,225 employees,
including contractors. Over 2,500 employees hold an interest in WMC through the
Employee Share Option Plan.

Key policy commitments

WMC is committed to achieving compatibility between economic development, safety and
health, the maintenance of the environment, and relationships with Indigenous peoples
throughout all phases of its activities. It seeks to ensure that its personnel and contractors
give proper consideration to safety and health matters, to the care of flora, fauna, air, land
and water, and to community health and heritage issues which may be affected by these
activities.




WMC has therefore developed three key policies (reproduced in Appendix A) which are
fundamental to all WMC operations worldwide: the Safety and Health Policy, the
Environment Policy and the Indigenous Peoples Policy.

The prime objective of the Safety and Health Policy is to develop the culture and processes
that will ensure the safety and health of all WMC employees, contractors and customers as
well as the communities associated with its worldwide operations.

The Environment Policy states that WMC will observe all environmental laws and undertake
its activities in a manner consistent with the principles of sustainable development. The key
points of the policy in relation to this EIS are the commitments to:

+ integrate environmental factors into project planning

« assess and monitor the potential environmental effects of company activities
» develop opportunities for efficiently using energy, water and other resources
« conserve important populations of flora and fauna

« rehabilitate the environment affected by company activities.

The Indigenous Peoples Policy sets out WMC’s commitment to developing relationships of
mutual understanding and respect with the Indigenous peoples of the areas in which it
operates or proposes to operate.

Specific to WMC (Olympic Dam Operations) Pty Ltd is a Statement of Environmental
Commitment, to ensure that all employees clearly understand their environmental
responsibilities. The Statement of Environmental Commitment is reproduced in Appendix A.

WMC is also a signatory to the Australian Minerals Industry Code for Environmental
Management (Appendix A), which sets out obligations for environmental management,
consultation, publication of annual environmental reports and environmental auditing.
In regard to environmental reporting, WMC published its first Environment Progress Report
for the year 1994-95, in 1996 (WMC Limited 1996a).

1.1.2 Existing operations at Olympic Dam

The operations at Olympic Dam are located some 580 km by road north-north-west of
Adelaide in South Australia (Figure 1.1) and are wholly owned and operated by WMC
(Olympic Dam Corporation) Pty Ltd, a wholly owned subsidiary of WMC Limited. Olympic
Dam has been in production since August 1988 and currently processes approximately
3 MV/a of ore, for the recovery of some 85,000 t/a of refined copper, 1,500 t/a of uranium
oxide, 850 kg/a (30,000 oz/a) of gold and 13,000 kg/a (460,000 oz/a) of silver.

The operations at Olympic Dam are based on one of the largest polymetallic orebodies in
the world, containing one of the world’s largest known copper resources, the world’s largest
known uranium resource and world-class gold and silver resources. Table 1.1 summarises
the known Olympic Dam mineral reserves.

Table 1.1 Ore reserves at Olympic Dam

Ore reserve!

QOre type (MD Copper Uranium? Gold Silver
Copper-uranium 569 2.0% 0.6 kg/t 0.7 ght 49 gh
Gold 0.3 0.7% 0.2 kght 4.9 gh 1.0 ght

TOTAL METAL 11.4 Mt 0.34 Mt 400t 2,790 t

1 Proved and probable.
2 As uranium oxide (U,0,).
Source: WMC 1996b and internal WMC reports.
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Olympic Dam is unique, as a copper mine, in the size of the resource and in its association
with other economic minerals.

The layout of the existing mining and mineral processing facilities is shown in Figure 1.2.
These facilities, described further in Chapter 2, include the following components:
¢ an underground mining operation;

¢ mineral processing and metal production facilities including grinding, flotation, leaching,
solvent extraction, smelting, copper electrowinning and electrorefining, uranium oxide

calcining and packaging, and gold and silver refining;

* facilities for production of process chemicals, including sulphuric acid and oxygen;

* waste disposal facilities, including structures for the storage of tailings and the

evaporation of wastewaters.
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The existing infrastructure includes two borefields with associated pipelines and monitoring
bores, a water treatment plant, power lines and distribution systems, roadways, an airport,
village accommodation and a townsite. The existing infrastructure is described further in
Chapter 11.

WMC (Olympic Dam Corporation) Pty Ltd employs some 963 persons on site, including
contractors, and a further fifty-one in Adelaide. Table 1.2 provides a breakdown of the
activities undertaken by this workforce.

Table 1.2 Workforce associated with Olympic Dam—December 1996
Activity Staff Contract Total

OLYMPIC DAM

Mining 286 163 449
Processing 378 136 514
Subtotal 664 299 963

ADELAIDE AND MELBOURNE

Copper Uranium Division 51! 51
Olympic Dam Expansion Group 30 238 268
TOTAL 745 537 1,282

1 Includes contract stafl.

The Olympic Dam operation provides a major contribution to the South Australian and
national economies. Table 1.3 summarises this annual contribution for 1995-96.

Table 1.3 Olympic Dam’s annual contribution to the State and
national economies—1995-96

Item Annual expenditure/revenue
REVENUE

Total annual sales $389.2 million
Annual exports $269.1 million

EXPENDITURE'

Salaries and wages $46.8 million
Environmental care? $3.2 million
TAXES

State royalties $10.6 million
State payroll tax $2.9 million
WorkCover $1.6 million
Commonwealth PAYE tax $15.1 million
Other taxes (State and Commonwealth) $3.5 million

1 Does not include goods and services, depreciation, amortisation, non-cash provisions
and contractors.
2 Radiation, Environment, Safety and Quality Department costs only. Does not include

capital or operating costs of environmental management facilities.

As of February 1996, the South Australian Government had received $45 million in royalties
since the beginning of production at Olympic Dam in 1988. This compares with the
Government’s $40 million capital investment in infrastructure support during the initial
establishment of the project. Future State royalty income will be received without much
further capital expenditure by Government. To date, the total capital expenditure at the
operations has exceeded $1.1 billion.
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1.1.3 The proposed expansion

The following provides a brief summary of the scope of the proposed Expansion Project. A
detailed description is contained in Chapter 3. It should be noted that actual production rates
for the Expansion Project will vary according to the ore grade and the availability of
equipment. Hence the rates used below to indicate the levels of ore and metal production
are nominal.

The Expansion Project would be developed in two phases. The first phase involves expansion
to the already approved rate of 150,000 t/a copper by the year 1999, increasing, if approved,
to 200,000 t/a copper by the year 2000. Construction of the facilities for a production rate of
150,000 t/a copper commenced in January 1997. It should be noted that WMC is presently
implementing an accelerated construction and mine development programme, which is
expected to bring forward these completion dates.

The possible future second phase would be additional expansion, including construction of a
matte smelter, to achieve a total production capacity of 350,000 t/a copper. In this EIS, it is
assumed for water abstraction and economic modelling purposes that this production rate
would be achieved by the year 2010; however, the WMC Board has made no formal decision
in this regard at the present time.

The initial increase to 150,000 t/a copper plus associated products corresponds to an
ore-mining rate of 6.5 Mt/a. The corresponding rate for associated products would average
approximately 3,420 t/a uranium oxide, 1,640 kg/a (57,800 oz/a) gold and 18,000 kg/a
(640,000 oz/a) silver.  On completion of the first expansion phase, and subject to
environmental approvals being obtained, the nominal copper production rate would be
200,000 t/a, with a mining rate of 9.0 Mt/a ore. The corresponding rate for associated products
would average approximately 4,630 t/a uranium oxide, 2,050 kg/a (72,300 oz/a) gold and
23,000 kg/a (810,000 oz/a) silver. However, because of variations in the ore grade, both
mining and production rates would fluctuate somewhat: the peak mining rate would be up
to approximately 9.25 Mt/a ore, with the peak production rates expected to be approximately
210,000 t/a copper, 5,000 t/a uranium oxide, 2,110 kg/a (74,500 oz/a) gold and 28,350 kg/a
(1,000,000 oz/a) silver.

If the construction of the second expansion phase were to be approved by the WMC Board,
the nominal mining rate would be approximately 17.0 Mt/a of ore, with a production rate of
350,000 t/a copper. The corresponding rate for associated products would average
approximately 7,730 t/a uranium oxide, 3,630 kg/a (128,000 oz/a) gold and 49,600 kg/a
(1,750,000 oz/a) silver.

Following completion of the first phase of the expansion, surplus smelting capacity could be
used to produce copper from imported concentrates and other South Australian ores during
periods when the smelting capacity exceeded the supply of ore available from the mine. If
both the new and existing smelter were fully utilised, the vverall copper production after the
year 2000 would be up to 285,000 t/a.

To achieve the 285,000 t/a rate, some additional refinery equipment not included in the first
phase would need to be installed. In the second expansion phase, a new smelter would be
built and the existing smelter closed down. Because most of the copper concentrate would
contain gold and silver as impurities, production of these precious metals would increase
during this interim stage. However, there would be no increase in uranium oxide production.

Table 1.4 compares the scope of the Expansion Project with existing operations and with
those that have already received government approval. Production rates may be amended
in the detailed design phase to take into account such factors as economic justification,
design feasibility, new technology, reliability, maintainability, safety and the environment.

Under the proposed expansion, the mining and mineral processing methods would remain
essentially the same except that improvements since project inception in technology, energy



and water efficiency, and pollution control would be incorporated into the design. The
new metallurgical plant would be designed so that any spillages of ore, concentrate or
process slurries could be readily returned to the process cycle, as for the existing
metallurgical plant.

Underground open stoping would continue to be the principal mining method employed,
with an increase in the number of stopes from an average of thirteen to about twenty-three.
Rock used to refill the stopes after ore removal would continue to be a mixture of deslimed
mill tailings and mullock or quarry rock, and cement and pulverised fuel ash.

Additional processing facilities would initially include a further autogenous mill, a second
tailings leach module and a new blister copper smelting furnace with an associated acid
plant and oxygen plants, as well as an expansion of the refinery. Additional tailings, liquor
and mine water disposal facilities, and electrical and water supply infrastructure would be
provided.

At Roxby Downs, additional housing would be provided, including company houses and
units, non-company houses and single persons” quarters (village accommodation). A second
caravan park would be built, and water, electricity supply and sewerage services would also
be upgraded.

Table 1.4 Expansion Project production rates

Expansion Project

. Exisling Approved
Mineral operations operations'
First phase After first phase  Second phase
COPPER
From Olympic Dam ore? 85,000 t/a 150,000 t/a 200,000 t/a 200,000 va 350,000 1/a
(3.0 MVa ore) (6.5 Mt/a ore) (9.0 Mt/a ore) (9.0 Mt/a ore)?  (17.0 Mt/a ore)
From imported - - — 85,000 va -
concentrates/other ores
Nominal copper 200,000 t/a 285,000 t/a 350,000 t/a

production rate

ASSOCIATED PRODUCTS

Uranium oxide? 1,500 ta 3,420 t/a’ 4,630 t/a 4,630 ta 7.730 t/a
Gold? 850 kg/a 1,640 kp/a® 2,050 kg/a 2,920 t/a® 3,630 kg/a
Silver! 13,000 kg/a 18,000 kg/a® 23,000 kg/a 32,800 t/a® 49,600 kg/a

1983 EIS. Approval is based on copper production rate.

Nominal values. Quantity varies depending on copper-uranium grade in ore processed.

Olympic Dam ore. Other South Australian ores may supplement this figure.

Nominal values. Quantity varies depending on gold-silver grade in ore and concentrates processed.

R P R

Expected production rates. 1983 EIS indicative production rates were 3,000 ta uranium oxide, 3,400 kw/a gold and
23,000 kg/a silver.
Assumes imported concentrate gold-silver grade is similar to Olympic Dam concentrate.

1.2 HISTORY OF DEVELOPMENT AT OLYMPIC DAM

1961 to 1975

WMC began exploring South Australia for copper deposits in 1961. In 1972, a review of
historical geological data combined with various geological models led WMC geologists to
focus on the region to the west of Lake Torrens (Figure 1.1). Large-scale surveys indicated a
number of coincident gravity and magnetic anomalies, suggesting that the Olympic Dam
area warranted further exploration.

An Exploration Licence was granted over that area in May 1975, and by July the first drill
hole, RD1, had intersected low-grade copper mineralisation (approximately 1%) 353 m
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below the surface. Subsequent analysis showed that the mineralisation also contained minor
amounts of uranium and gold.

1976 to 1979

By 1976, eight diamond drill holes had been completed, a number that increased to thirteen
by the end of 1977. WMC'’s Chairman reported to the 1977 Annual General Meeting that
drilling had outlined a large prospective ore position and that, because of the likely size of
the project, WMC was considering a joint venture for project development at that time.

Discussions with interested companies resulted in the formation of a joint venture with the
BP Group, announced on 27 July 1979. In conjunction with the signing of the Joint Venture
Agreement, WMC transferred its ownership in the project to Roxby Mining Corporation Pty
Ltd, a wholly owned subsidiary of WMC. Ownership of the project was as follows: Roxby
Mining Corporation Pty Ltd, whose name was later changed to WMC (Olympic Dam
Corporation) Pty Ltd, 51%; and two companies in the BP Group, namely BP Australia
Limited, 36.5%, and BP Petroleum Development Limited (a company incorporated in the
United Kingdom), 12.5%.

In late 1979, permanent single persons’ quarters were established at Olympic Dam, and eight
diamond drills were operating by the end of the year. While exploration continued, the Joint
Venturers began to carry out metallurgical testing and other work necessary to evaluate the
project.

1980 to 1983

In May 1980, the decision was made to sink an exploration shaft (the Whenan Shaft) to a
depth of approximately 500 m. During that year three additional diamond drills were put
into operation, engineering facilities associated with the exploration shaft were constructed,
work on the shaft commenced, and the village was expanded by the addition of housing and
caravan park accommodation.

Feasibility studies into the metallurgical processing were conducted, and preliminary design
work undertaken. Environmental baseline studies were commenced in late 1980 and have
been continuous since that time.

The Indenture Agreement between the Joint Venturers and the South Australian Government,
setting out the relationship of the parties, was ratified by the South Australian Parliament in
June 1982. The principal matters with which the Indenture was concerned were:

« the obligations of the State Government and the Joint Venturers, and conditions relating
to the development;

¢ security of tenure for the Joint Venturers, and access to services;

« the amount of royalties payable by the Joint Venturers.

The Joint Venturers prepared a draft EIS for the Olympic Dam Project, which was published
on 14 October 1982 (Kinhill — Stearns Roger 1982). The Draft EIS was based on a mining
and processing operation capable of producing 150,000 t/a of copper plus associated
products. The Draft EIS was made available for public comment for a period of six weeks.

In April 1983, the Joint Venturers responded to the comments received from the public and
from various Commonwealth and State government departments in the Supplement to the
Draft EIS. The Draft EIS, the Supplement and supporting documentation were assessed by
the Department of Home Affairs and Environment (Commonwealth Government) and the
Department of Environment and Planning (State Government).

Ministerial approval for the project was received on 28 June 1983 from the State Government
and on 10 August 1983 from the Commonwealth Government.



1984 to 1988

A pilot plant began operating in 1984 to assess metallurgical factors for the processing of
Olympic Dam ore. Thi§ was followed by further feasibility studies, and detailed design and
construction activities.  Production at Olympic Dam commenced in 1988 at a rate of
45,000 t/a of copper plus associated products.

1989 to 1995

Between 1989 and 1995, the production rate at Olympic Dam was increased to the present
levels in two optimisation programmes:

« The first optimisation of the operation was completed in 1992. This involved increasing
ore treatment capacity from 1.5 Mt/a to 2.2 Mt/a by optimising the operation of existing
plant and installing further equipment, including an extra ball mill and additional cells in
the refinery. This resulted in a production rate of 66,000 t/a of copper plus associated
products.

e The second optimisation of the operation was completed in 1995. This involved
increasing ore treatment capacity to 3.0 Mt/a by installing new plant, including a new
autogenous mill, two countercurrent decantation thickeners and additional cells in the
refinery. This resulted in a production rate of 85,000 t/a of copper plus associated
products.

In 1993, WMC acquired full ownership of Olympic Dam. The facilities are now operated by
WMC (Olympic Dam Corporation) Pty Ltd, a wholly owned subsidiary of WMC Limited.

On 20 October 1995, the Commonwealth Minister for Primary Industries and Energy, under
the Environment Protection (Impact of Proposals) Act 1974, designated WMC as the
proponent in relation to future decisions to grant export approvals from Olympic Dam under
Regulation 11 of the Customs (Prohibited Exports) Regulations.

The South Australian Minister for Mines and Energy, in response to this designation,
submitted a proposal for a State-run environmental review that would comprise two
interrelated elements:

« assessment of a new borefield development then under way (Kinhill Engineers 1995);

= an environmental review of Olympic Dam operations (WMC—Olympic Dam Corporation
1995), to evaluate the variations to design and operation of the project as implemented
from those proposed in the Final EIS approved in 1983, and the developments required
to take production up to the approved level of 150,000 t/a of copper plus associated
products. In addition, the environmental review would evaluate seepage of liquid from
the tailings retention system and its impact, and would include future options for
expanding the system.

The Commonwealth Minister for the Environment, Sport and Territories stated that if this
environmental review was completed in full under the South Australian legislation, no further
review process by the Commonwealth would be necessary to meet the objectives of the
Environment Protection (Impact of Proposals) Act 1974.

The review of the borefield development and the environmental review were conducted with
public input. Both procedures were advertised nationally and locally, and public comment
sought. Following the borefield review, a Special Water Licence was issued to WMC by the
State Government in November 1995.

The environmental review of the Olympic Dam operations was produced in November
1995. Following assessment of this review, completed in January 1996 (Department of
Housing and Urban Development 1996), the Commonwealth and State governments
confirmed in early 1996 the approvals obtained in 1983.
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1996 to the present

WMC has continued to evaluate the feasibility of expanding production at Olympic Dam,
culminating in studies for expansion of the facilities to a production capacity of 200,000 t/a
of copper and associated products.

In July 1996, the WMC Board authorised proceeding with the detailed design of an
expansion to 200,000 t/a of copper and associated products, and the conceptual design of
further expansion to 350,000 t/a. Further optimisation studies in the second half of 1996
have produced the Expansion Project plan detailed in this EIS.

In October 1996, an agreement was made between WMC and the State Government on
WMC’s and the State’s obligations for expansion at Olympic Dam to 350,000 t/a copper and
associated products. These obligations were incorporated into the Roxby Downs (Indenture
Ratification) (Amendment of Indenture) Amendment Act 1996. The Amendment Act was
passed by the State Parliament in December 1996.

1.3 THE APPROVALS PROCESS

1.3.1 Regulatory framework

This section describes the legislative, regulatory and policy framework in which the
operations at Olympic Dam have been working to date, and which would apply to the
proposed expansion.

The Olympic Dam and Stuart Shelf Indenture

The legal framework setting out the relationship between the South Australian Government
(the State) and the Joint Venturers for project development and operation was established by
the State Parliament through the Roxby Downs (Indenture Ratification) Act 1982 and updated
by the Roxby Downs (Indenture Ratification) (Amendment of Indenture) Amendment Act
1996. These Acts ratified and amended the Olympic Dam and Stuart Shelf Indenture,
hereafter referred to as the Indenture.

The original Indenture provided for the development of an operation recovering up to
150,000 t/a of copper and associated products. The Amendment provides for the increase of
this limit to 350,000 t/a of copper and associated products. The environmental approval
processes associated with the existing plant and the Expansion Project are described below.

Environmental impact assessments

The Olympic Dam Project has been subjected to a comprehensive environmental assessmentl
process from its inception. This has included environmental impact assessment for the
currently approved operations, licence approval processes, the preparation of a waste
management plan and the preparation every three years of environmental management
programmes. Also required have been the assessment of the borefield development and the
environmental review described in Section 1.2.

The Draft EIS (Kinhill — Stearns Roger 1982) and the Supplement (Kinhill Stearns 1983)
together with the State Assessment Report (Department of Environment and Planning 1983)
and the Commonwealth Government Assessment report (Department of Home Affairs and
Environment 1983) comprised the Final EIS for the currently approved operations. These
documents are referred to collectively hereafter as the 1983 LIS.

The 1983 State and Commonwealth government approvals permit the mining and processing
at Olympic Dam of approximately 6.5 Mt/a of ore, for the recovery of 150,000 t/a of copper




plus associated products (which at the time were expected to be approximately 3,000 t/a
uranium oxide, 3,400 kg/a gold and 23,000 kg/a silver). As discussed in Section 1.2, these
approvals were confirmed in early 1996 by both governments in an environmental review.

The approval of the 1983 EIS by the State Minister for Mines and Energy obliged the operators to:

* advise the Minister of any changes of environmental significance to the project concepts
as described in the 1983 EIS;

= comply with all commitments and undertakings set out in the 1983 EIS.

Following this approval, the project underwent a series of further field, technical and
environmental studies which formed the basis for commitment to the project by the Joint
Venturers. The 1983 EIS provided assessment of a conceptual design, including in some
instances an evaluation of options for mining and processing operations. This was necessary
because the design could not be finalised until:

* the completion of pilot plant trials, which determined the optimal processing
methodology and options for disposal of tailings, which took place during 1984;

+ the sinking of the exploration shaft, which determined the mining methodology.

In the original development and in the expansions to date, the mining and metallurgical
processes have followed the principles outlined in the 1983 EIS. In the proposed expansion,
the mining and metallurgical processes would remain essentially unchanged, other than to
incorporate improvements in technology and productivity since project inception. The
environmental management and pollution control issues for the proposed expansion are thus
well understood. The opportunity would also be taken to incorporate measures for improved
environmental performance, waste minimisation, energy and water conservation, and
occupational health and safety.

The Commonwealth and State governments have both determined that any expansion of
production beyond that approved under the 1983 EIS (150,000 t/a copper plus associated
products) will require the preparation of a new EIS. The purpose of this EIS is to fully describe
the proposed Olympic Dam Expansion Project as part of the approvals process. The
assessment procedure for the EIS is outlined in Section 1.3.2.

Other government requirements

As required by the Indenture, the State Government was provided with Project Notices that
included full details of final design. Throughout the project, WMC has held discussions with
the State authorities on all Project Notice design changes, including expansions and any
variations from the 1983 EIS. The use of Project Notices has proved to be an effective
method for informing the State Government of changes to the design of the initial plant and
details of the two optimisation programmes in 1992 and 1995.

The process of issuing Project Notices will continue to be followed for future plant
expansions in accordance with the Indenture. There continues to be provision for
consultation with the Commonwealth Government through the tripartite Olympic Dam
Consultative Committee, comprising representatives from the State and Commonwealth
governments and WMC.

The governments and WMC are currently discussing new terms of reference and procedures
for meetings of the committee.
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Environmental and radiation management programmes

In regard to ongoing environmental management, Clause 11 of the Indenture requires that a
programme for the protection, management and rehabilitation (if appropriate) of the
environment, including arrangements for monitoring and studying sample areas in order to
ascertain the effectiveness of such a programme, shall be submitted to the Minister for Mines
and Energy every three years.

In addition, the Indenture requires compliance with the Commonwealth codes of practice
concerning mining and milling of radioactive ores, which specify measures for the control of
radiation exposure, waste management and dose assessment for members of the public. The
Indenture also requires compliance with any codes, standards or recommendations as may
be issued from time to time by the International Commission on Radiological Protection or
the International Atomic Energy Agency.

The current programmes are set out in the Environmental Management and Monitoring Plan
1996 prepared by WMC (Olympic Dam Corporation) Pty Ltd. Under the terms of the
Indenture and the requirements set by the State, quarterly and annual reports are produced.
The Environmental Management and Monitoring Plans and the annual reports are made
available to the public.

Water and power

In accordance with special water licences granted under the Indenture, water for the project
is drawn from Borefields A and B which abstract water from the Great Artesian Basin.
Borefield A was assessed in detail in the 1983 EIS and provided the original water supplies
for the project. Approval in principle was granted in the 1983 EIS process for Borefield B to
provide an ongoing supply of water to both Olympic Dam and the Roxby Downs township.

Borefield B was subject to a further environmental assessment (Kinhill Engineers 1995), a
public consultation process (in 1995), and government assessment (Department of Housing
and Urban Development 1995). All approvals were obtained, and commissioning of
Borefield B commenced in November 1996.

Hydrogeological modelling of the borefields operation over a twenty-year planning horizon
has shown that the agreed limits on aquifer pressure drawdown in the current licences are
not exceeded at water abstraction rates sufficient for a production rate of 200,000 t/a copper
and up to 285,000 t/a copper using supplementary imported concentrates (Section 1.1.3).

With the implementation of further water use minimisation programmes, the special water
licences should also allow sufficient water abstraction for production of 350,000 t/a copper
over the last six years of the planning horizon to 2016. By this time the planning for a further
twenty years, to 2036, would be complete. As part of this longer term planning, WMC is
developing plans for another borefield which would be subject to separate public
consultation and government assessment should the establishment of such a borefield
become necessary.

Power is currently supplied to the operations by a 132 kV transmission line from Port
Augusta. The 1983 EIS provided approval in principle for the construction of a second line
carrying 275 kV power from Port Augusta, subject to Aboriginal heritage studies and the
investigation of route alternatives.

The alignment of the 275 kV power line (which is presently under construction) includes two
minor deviations from the route previously approved. One minor deviation is near Port
Augusta and has resulted from changes to the Port Augusta Development Plan in 1986. The
other minor deviation is near Woomera and has resulted from a route change to minimise



potential impact on Aboriginal heritage sites. The required studies were completed early in
1997, and construction of the new power line is expected to be completed by January 1998.

For the possible future second expansion phase to 350,000 t/a copper, it is proposed that the
existing 132 kV line be replaced with a second 275 kV line. This additional line would
follow the same alignment as the existing 132 kV line, and would include the two minor

route deviations described above.

Legislation and codes of practice

In addition to the conditions laid down in the Indenture, WMC is obliged to comply with
relevant State and Commonwealth legislation and codes of practice. Table 1.5 lists relevant
State and Commonwealth Acts and codes of practice relating to environmental issues, while
Table 1.6 provides a similar list relating to occupational health and safety and hazard
management issues. Of the State legislation listed in Table 1.5, the Development Act 1993,
the Environment Protection Act 1993, the Mining Act 1971 and the Water Resources Act
1990 are applicable to the extent that they are not inconsistent with the Indenture.

The most significant environmental licences held by the project are under the State
Environment Protection Act 1993 and the Radiation Protection and Control Act 1982.

Table 1.5 Relevant legislation and codes of practice—environmental issues

State legislation

Abariginal Heritage Act 1979
Aboriginal Heritage Act 1988
Controlled Substances Act 1984
Country Fires Act 1989

Dangerous Substances Act 1979 and
Regulations

Development Act 1993

Environment Protection Act 1993 and
Regulations

Explosives Act 1936
Heritage Act 1993

Mines and Works Inspection Act 1920
and Regulations

Mining Act 1971 and Regulations

National Environment Protection Council
(South Australia) Act 1995

National Parks and Wildlife Act 1972
Native Vegetation Act 1991

Pastoral Land Management and
Conservation Act 1989

Planning Act 1982
Public and Environmental Health Act 1987

Radiation Protection and Control Act 1982
and Regulations

Roxby Downs (Indenture Ratification) Act
1982 and Roxby Downs (Indenture
Ratification) (Amendment of Indenture)
Amendment Act 1996

Soil Conservation and Land Care Act 1989
Water Resources Act 1990
Wilderness Protection Act 1992

Commonwealth legislation

Aboriginal and Torres Strait Islander
Commission Act 1989

Aboriginal and Torres Strait Islander
Heritage Protection Act 1984

Aboriginal Sacred Sites Act 1989
Atomic Energy Act 1953

Australian Heritage Commission Act
1975

Customs (Prohibited Exports) Act 1901

Customs Tariff (Uranium Concentrate
Export Duty) Act 1980

Endangered Species Protection Act
1992

Environment Protection
(Impact of Proposals) Act 1974

Environment Protection
(Nuclear Codes) Act 1978

Industrial Chemicals
(Notification and Assessment)
Act 1989

National Parks and Wildlife
Conservation Act 1975

Native Title Act 1993

Nuclear Non-Proliferation
(Safeguards) Act 1987

World Heritage Properties
Conservation Act 1983
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Codes of practice

Australian Code for the Transport of
Dangerous Goods by Road and Rail 1992

Code of Practice on the Management of
Radioactive Wastes from the Mining and
Milling of Radioactive Ores 1982

Code of Practice on Radiation Protection
in the Mining and Milling of Radioactive
Ores 1987

Code of Practice for the Safe Transport of
Radioactive Substances 1990
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Table 1.6 Relevant legislation and codes of practice—occupational health and safety and hazard management

State legislation Commonwealth legislation Codes of practice

OCCUPATIONAL HEALTH AND SAFETY

Controlled Substances Act 1984 Environment Protection Adopted National Exposure Standards for
(Nuclear Codes) Act 1978 Atmospheric Contaminants in the
Dangerous Substances Act 1979 and ) ; bl
7 : - Occupational Environment (NOHSC
Regulations Occupational Health and Safety Act 1991)
1995

Environment Protection Act 1993 and Australian Code for the Transpont of

Reguitions Induﬁrm!AChvrm(.ils Dangerous Goods by Road and Rail 1992
. . (Notification and Assessment) Act

EApIowS AN SRR 1989 Code of Practice on the Management of

Mines and Works Inspection Act 1920 and Radioactive Wastes from the Mining and

Regulations Milling of Radioactive Ores 1982

Occupational Health, Satety and Weltare Code of Practice on Radiation Protection

Act 1986 and consolidated Regulations in the Mining and Milling of Radioactive

Ores 1987
Radiation Protection and Control Act 1982
and Regulations Code of Practice for the Safe Use of

Radiation Gauges (NHMRC 1983)

Guidance Note for the Labelling of
Workplace Substances (NOHSC 1991)

Guidance Note for the Storage of
Chemicals (NOHSC 1990)

Standard for the Control of Major Hazard
Facilities (NOHSC 1995) (Draft)

Standard for the Control of Workplace
Hazardous Substances (NOHSC 1994)

National Standard for Limiting
Occupational Exposure to lonising
Radiation 1995

Standard for Plant (NOHSC 1995)

HAZARD MANAGEMENT

Occupational Health, Satety and Welfare Occupational Health and Safety Drait National Code of Practice for the

Act 1986 (Commonwealth Employment) Control of Major Hazard Facilities 1995
Act 1991

Dangerous Substances Act 1979

Environment Protection Act 1993

1.3.2 The environmental impact assessment procedure

The environmental impact assessment procedure for the Expansion Project is shown
diagrammatically in Figure 1.3. It should be noted that under the State environmental
assessment procedure, an EIS is followed by a Response document after receipt of
submissions. Under the Commonwealth environmental assessment procedure, the initial
document would be referred to as a Draft EIS, and would be followed by a Supplement after
receipt of submissions.

It has been agreed by the State and Commonwealth governments that the procedure in
Figure 1.3 will satisfy the legislative requirements and administrative procedures of both.
Assessment of this EIS, of public and government department submissions, and of the
Response/Supplement will be led by the State Government.

A draft set of guidelines for this EIS was advertised for public comment on 9 November 1996.
The draft guidelines remained open for public comment for a period of four weeks. The
finalised guidelines, issued jointly by the State and Commonwealth governments,
incorporate changes resulting from the assessment of public comments and are contained in
Appendix B for reference.
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DRAFT GUIDELINES RELEASED
FOR PUBLIC COMMENT

CLOSE OF COMMENTS ON
EIS DRAFT GUIDELINES

STATE AND COMMONWEALTH EIS PREPARED BY WMC COMMUNITY CONSULTATION
GOVERNMENTS FINALISE GUIDELINES

GOVERNMENT APPROVAL FOR
RELEASE OF EIS

EIS RELEASED FOR PUBLIC
COMMENT AND PUBLIC MEETINGS
HELD BY GOVERNMENT

CLOSE OF PUBLIC SUBMISSIONS

RESPONSE/SUPPLEMENT TO EIS
PREPARED BY WMC

RESPONSE/SUPPLEMENT SUBMITTED
TO STATE AND COMMONWEALTH

GOVERNMENTS FOR ASSESSMENT

ASSESSMENT REPORTS
PUBLICLY RELEASED

DECISION MADE BY STATE
AND COMMONWEALTH MINISTERS
FOR THE ENVIRONMENT

| FIGURE 1.3
ENVIRONMENTAL IMPACT
ASSESSMENT PROCEDURE FOR
THE OLYMPIC DAM EXPANSION

| PROJECT
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The EIS is available for comment by the public and by government departments and agencies
for a period of eight weeks. During this time members of the public are invited to forward
comments on any aspect of the proposal to either the State or Commonwealth governments
as advertised. All comments will be forwarded to WMC. WMC's responses to comments
received will be contained in a Response/Supplement to the EIS.

Following publication of the EIS and Response/Supplement, the relevant State and
Commonwealth government departments and agencies will assess the documents and
publish the results in assessment reports. The EIS, Response/Supplement and the assessment
reports will be considered by the respective State and Commonwealth government ministers
to determine whether the Expansion Project will be allowed to proceed and, if so, under what
conditions.

1.4 PRODUCTS AND MARKETS

The Expansion Project is based on analysis of the markets available for Olympic Dam'’s key
products, copper and uranium oxide. The value of these products and their role in world
markets are discussed below.

1.4.1 Value of production

At a production rate of 200,000 t/a copper, the annual value of production at Olympic
Dam—including the 4,630 t/a uranium oxide, 2,050 kg/a gold and 23,000 kg/a silver—
would be approximately $650 million (December 1996 prices).

At a production rate of 350,000 t/a of copper, the Olympic Dam Project would rank among
the largest copper producers in the world. At this production rate, the annual value of
production—including the 7,730 t/a uranium oxide, 3,630 kg/a gold and 49,600 kg/a
silver—would be approximately $1,128 million (December 1996 prices). The breakdown of
these figures is shown in Table 1.7.

Table 1.7 Annual value of Olympic Dam Project production—
December 1996 prices

Commaodity Value! 200,000 t/a copper 350,000 t/a copper
($ million) ($ million)

Copper $2,250/t 450 788

Uranium oxide $35/kg 162 271

Gold $16,200/kg 33 59

Silver $210/kg, 5 10

TOTAL 650 1,128

1 Values are approximate, based on December 1996 prices, and are subject to
market forces.

1.4.2 Copper: Use and markets

Copper has many useful attributes. It is the most efficient non-precious metal conductor of
electricity, it has excellent thermal conductivity, is resistant to corrosion, is strong yet readily
workable and can be readily recycled. World data on the end uses of copper are not
available. However, an indication of the major markets is given from US statistics shown in
Table 1.8.

In the construction industry, copper’s uses include electrical building wire, water tubing and
roofing. It is also used as a heat exchanger in air-conditioners and refrigeration unils.

Copper wire is used for telephone lines and in electrical motors, generators and transformers.
In motor vehicles, it distributes electricity around the vehicle and is used as winding wire in



the small motors serving accessories such as electric windows, electric locking controls and
air-conditioners. Growth in copper wire consumption has kept pace with the growing
number of faxes, computers and other devices found in homes and businesses.

Table 1.8 Copper consumption by end use—USA 1993

Use Per cent
Construction 42
Electrical and electronic products 24
Industrial machinery and equipment 13
Transport equipment 12
Consumer and general products 9
TOTAL 100

As an electrical conductor, copper competes with aluminium which has captured some
market share, particularly in very high voltage overhead lines where aluminium has a weight
advantage. However, copper remains the conductor of choice in the high volume building
wire sector,

Copper is also a component of brass and bronze and other alloys. It plays a minor part in
the production of coinage, is a supplement in human diets, and is present in fertilisers and a
variety of chemicals. Environmental and commercial pressures to conserve energy are likely
to increase copper use. Electrical losses are reduced when thicker wire is used in building
circuits, when heavier copper windings are used in motors, and when copper is substituted
for aluminium in motor windings.

Copper recycling is a substantial industry because it makes economic sense to recycle.
Copper has a high value and can be readily remelted or refined. Most copper applications
have very long lives; for example, building wire frequently lasts many decades.

Figure 1.4 shows historical trends in consumption. World consumption of refined copper
was approximately 12 Mt in 1995. In addition, about 3.5 Mt of scrap copper were directly
remelted. Consumption of copper is expected to show sound long-term growth,
underpinned by rapid economic growth in Asia and the ubiquitous role of electricity in
modern life.

The copper market is essentially a world market. Copper is easily stored and transported,
quality differences among major producers are small, and tariff barriers are low and falling.
Major producers of copper metal are the United States, Chile, Japan (from imported
concentrate), Russia and China. Major consumers are the Western European nations, Japan,
China and other Asian nations, and the United States.

1.4.3 Uranium: Use and markets

Uranium is a relatively common element, about as abundant as tin and about one thousand
times more abundant than gold. Its industrial use is mainly confined to the production of
electricity in nuclear power stations, although other important applications include the
production of radioisotopes used extensively in medical, industrial and scientific research.

Naturally occurring uranium contains three separate isotopes. One isotope (uranium-235)
has the unique property of being able to undergo controlled nuclear fission, releasing very
large amounts of energy. This energy, released in a nuclear power reactor, provides the heat
for steam raising and the production of electricity by turbo-generators. Conventional thermal
power stations use mainly coal or hydrocarbon fuels to provide this heat.
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Naturally occurring uranium contains approximately 0.7% of the uranium-235 isotope. Most
nuclear power reactors which are currently in operation or in the planning stages require
uranium fuels enriched to about 3% uranium-235. Most uranium oxide is chemically refined
and processed into uranium hexafluoride (UF ) at a conversion plant, and then further
upgraded in an enrichment plant by isotopic separation. The enriched UF is sent to a fuel
fabrication plant where the fuel assemblies (which form the core of the nuclear power
reactor) are manufactured.

None of these activities are presently carried out in Australia, and the conversion and
enrichment facilities in other countries are adequate to meet current and foreseeable
demand.

Uranium supply and demand

At the end of September 1996, there were 436 reactors in operation worldwide (343.5 GW
capacity) with another thirty-two (25.3 GW capacity) under construction. The leading
nuclear nations are shown in Table 1.9.

The current demand for uranium amounts to around 64,492 t/a of uranium, which is
equivalent to 76,051 t/a of uranium oxide in the form U,0,. According to forecasts
produced by the Uranium Institute (1996a), nuclear generating capacity and reactor
requirements are expected to grow steadily, and thus uranium demand is also expected to
grow steadily. The nuclear generating capacity forecast, together with uranium demand and
the equivalent uranium oxide production required, is shown in Table 1.10.

Most uranium is produced as uranium oxide concentrate, in the form U;O4. The major
uranium-producing countries in 1995 are listed in Table 1.11, together with their production
of uranium oxide as U,0, and equivalent uranium.

According to the Uranium Institute (1996b), the production capacity of uranium mines in
1995 was 46,530 t/a of uranium (54,870 t/a of U,0,4); however, the worldwide primary
production of uranium in 1995 was only 33,275 t/a uranium (39,239 t of U,0O,) which was



about 55% of total reactor requirements. The capacity of existing mines is forecast to fall to
about 39,000 t/a of uranium oxide by the year 2001, as existing deposits are depleted.

Table 1.9 Worldwide nuclear power generating capacity—major countries
(September 1996)

Semrag ook
United States 99.1 22.5%
France 60.2 76.1%
Japan 40.9 33.4%
Germany 21.0 29.1%
Russia 19.2 11.8%
Canada 14.8 17.3%
Ukraine 129 37.8%
United Kingdom 11.9 25.0%
Sweden 9.9 46.6%
South Korea 9.1 36.1%
Spain 7.0 34.1%
Belgium 5.5 55.5%
Taiwan 4.9 26.8%
Worldwide 343.5 17.0%

Source: Uranium Institute 1996a, 1996b.

Table 1.10 Projected worldwide nuclear generating capacity

Reactor requirements

Year Nuclear generating capacity

Equivalent in (GW)
Tosnes U tonnes U,0,

1996 64,066 75,550 3435

1997 64,492 76,051 349.6

2000 66,596 78,533 361.9

2005 72,160 85,094 374.6

2010 74,775 88,178 401.0

2015 75,635 89,192 410.8

Source: Uranium Institute 1996b.

Table 1.11 Major uranium-producing countries—1995

Production

Country — —
Equivalent in
Tonnes U,0
18 tonnes U

Canada 12,400 10,515
Australia 4,377 3,712
Niger 3,502 2,970
United States 2,783 2,360
Russia 2,653 2,250
Namibia 2,367 2,007
Worldwide 39,239 33,275

Source: Uranium Institute 1996a.
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New production from major Australian and Canadian facilities is expected to commence
from around 1998-99, which should raise production capacity to around
67,300 t/a of uranium oxide in the year 2000. Assuming a capacity utilisation factor of 75%,
this should generate production of around 50,500 t/a uranium oxide in the year 2000.

The Uranium Institute forecasts that primary production will increase to around 51,300 t/a
uranium oxide in the year 2002 (assuming a capacity utilisation factor of 75%), and will
remain around this level until 2010 and beyond, well below reactor requirements.

The shortfall in supply will be filled from various sources including commercial and military
inventories and reprocessed spent nuclear fuel. Figure 1.5 depicts the reference case
developed by the Uranium Institute (1996b) to show the likely supply shortfall over the next
twenty years.

1.5 CONSEQUENCES OF NOT PROCEEDING WITH
THE PROJECT

If the Expansion Project did not proceed, there would be some consequences (benefits and
disbenefits) for metal markets (in particular, copper and uranium), for the South Australian
and national economies, and for the environment. These are discussed below.

1.5.1 The copper market

Olympic Dam’s approved production rate of 150,000 t/a of copper represents about 1.25%
of current world consumption of refined copper.

Although at a possible future production rate of 350,000 t/a copper the Expansion Project
would be a large individual producer, this output would still only represent about 2.9% of
current world consumption of refined copper. There are a number of other large projects at
varying stages of development throughout the world, many situated in developing countries.
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Copper production foregone at Olympic Dam would therefore be replaced by the expansion
of existing projects elsewhere, or by the development of new ones.

There are no known alternative copper projects in South Australia, and very few projects
within Australia, that could even partially replace the proposed additional copper production
at Olympic Dam. Replacement production would therefore be substantially sourced
overseas, and the benefits of development lost to this country.

1.5.2 The uranium market

At the proposed production rate of 7,730 t/a uranium for the possible future second phase of
expansion, Olympic Dam would represent about 20% of present world production. As with
copper, there are a number of alternative projects awaiting development, particularly in
Canada and other parts of Australia. If additional uranium were not produced at Olympic
Dam, uranium demand would be met by increased output from existing projects elsewhere,
or by the development of new projects.

Australia has new alternative sources of uranium as a consequence of changes in
Commonwealth Government policy, which had previously prevented the establishment of new
uranium mines. The additional Olympic Dam uranium could therefore be partly replaced by
an increase in production in existing uranium mines or by the development of new mines
elsewhere in the country. However, a significant proportion of the replacement production
could occur in overseas countries, and the benefits of development would accrue there.

1.5.3 The State and national economies

The estimated benefits for the South Australian and national economies from the first phase
of the Expansion Project, to production of 200,000 t/a copper, are substantial and include:

e the creation of between 1,750 and 2,500 new jobs in South Australia during the
construction phase, including direct jobs at Olympic Dam and indirect jobs in the State,
and up to an additional 3,000 jobs in other parts of Australia;

* an increase in the gross state product of South Australia of between 0.4% ($120 million)
and 0.5% ($150 million) per annum during the construction phase;

« the creation of around 1,100 new permanent jobs in South Australia during production,
including 191 direct jobs at Olympic Dam and Adelaide and indirect jobs in the State;

* an increase in the gross state product of South Australia of just less than 0.4%
($115 million) per annum during production, and an increase in the gross domestic
product of Australia of 0.1% ($340 million);

s an increase in receipts by the State of South Australia of around $12 million per annum
in royalties from the project during production;

« increased tax revenue for the State of South Australia and the Commonwealth from
payroll, corporate, sales and personal taxes;

e an increase in annual revenue from the sale of copper, uranium oxide, gold and silver of
around $320 million, and a positive annual impact on Australia’s balance of trade of
$96 million during production.

The additional benefits for the South Australian and national economies estimated to flow
from the possible future second phase of the Expansion Project, to production of 350,000 t/a
copper, are also substantial and include:

« the creation of around 1,240 new jobs in South Australia during the construction phase
including direct jobs at Olympic Dam and indirect jobs in the State;

» an increase in the gross state product of South Australia of around 0.3% per annum
($87 million) during the construction phase;
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« the creation of around 1,190 new permanent jobs in South Australia during production,
including 510 direct jobs at Olympic Dam and Adelaide;

* an increase in the gross state product of South Australia of around 0.5% ($138 million)
per annum during production, and an increase in gross domestic product of Australia of
0.1% ($468 million);

¢ an increase in receipts by the State of South Australia of around $17 million per annum
in royalties from the project during production;

e increased tax revenue for the State of South Australia and the Commonwealth from
payroll, corporate, sales and personal taxes;

« an increase in annual revenue from the sale of copper, uranium oxide, gold and silver of
around $400 million and a positive annual impact on Australia’s balance of trade of
$124 million.

Should the Olympic Dam Expansion Project not proceed, these benefits could be lost to the
South Australian economy, because there are no known alternative developments with the
same potential for investment in South Australia, particularly in a long-term context. In the
short to medium term, the Australian economy would lose the window of opportunity to
export a valuable resource into world markets.

1.5.4 Environmental benefits of not proceeding

All projects result in some disturbance to the environment. It is the role of project planners,
developers and regulators to ensure that no significant environmental impacts occur, and that
the residual impacts are managed so that the benefits of project development outweigh the
effects of the disturbances.

As this project involves the expansion of existing facilities, the potential for environmental
disturbance is less than for a project in an undisturbed area. Nevertheless, there would be
some environmental benefits, both real and perceived, associated with not proceeding with
the Expansion Project, and these are outlined below. These benefits should be considered
against the significant economic benefits accruing from the project.

Any real or perceived environmental benefits of not proceeding also need to be considered
in the context of the extensive studies undertaken by Olympic Dam’s environmental staff and
by consultants engaged by WMC, which have contributed significantly to the understanding
both of the local environment and of similar arid environments elsewhere in Australia.

Clearing of vegetation

Unlike new project developments, a decision not to procced with the Expansion Project
would not reduce the expected level of disturbance to the natural environment at the end of
the mine’s life.

Firstly, as described in Chapter 3, the additional mining and processing facilities required for
the Expansion Project would be mainly located within areas already cleared for the existing
facilities. Secondly, additional clearing of the natural environment occurs at present on an
as-needed basis for the progressive development of the tailings retention system and the
quarry, which provides essential backfill material; this would continue. The Expansion
Project would require a similar ultimate amount of clearing for these facilities, but this
clearing would occur at a faster rate over a correspondingly shorter mine life.

A minor amount of clearing required for the township expansion could be avoided if the
Expansion Project did not proceed. However, the township development needed to support the
mine expansion is contained within an area already approved for development in the 1983 EIS.



Great Artesian Basin

The annual abstraction water requirements for both Olympic Dam and Roxby Downs,
sourced from borefields abstracting from the Great Artesian Basin, would increase as a
consequence of the Expansion Project. At this time it is envisaged that the project’s water
requirements would be met by the existing borefields (A and B) operated under existing
licence provisions.

However, should this not be the case, an additional borefield may need to be developed. If
such a borefield is required in the future it would be subject to a separate environmental
impact assessment.

The benefits to the Great Artesian Basin of not proceeding with the project are therefore as
follows:

« a reduction in the localised drawdown of the aquifer in the vicinity of the existing
borefields (Section 4.5);

« adiminution of the possibility of a further borefield needing to be developed in the future.

The operations at Olympic Dam have made significant progress towards water conservation,
and efforts will continue to be expended in this area in the future. In the first full year of
production in 1989-90, the operations (excluding the township) consumed a total of 2.10 kL
of water sourced from the Great Artesian Basin per tonne of ore processed. In 1995-96, this
water consumption had reduced to 1.57 kL per tonne of ore processed, and it is expected
that a further reduction to 1.24 kL per tonne of ore processed will be achieved by the time
the production rate of 200,000 t/a of copper is achieved. Water conservation measures and
issues are discussed further in Chapter 4.

The present rate of abstraction and natural discharge from the South Australian portion of the
Great Artesian Basin is estimated to be equivalent to the rate of recharge at 425 ML/d
(Sibenaler 1996). This includes 190 ML/d percolated upward as vertical leakage, 132 ML/d
from flowing bores mainly associated with the pastoral industry, 66 ML/d natural discharge
from mound springs, 22 ML/d abstracted as part of the Cooper Basin operations and 15 ML/d
abstracted for the Olympic Dam operations.

Further development of the Great Artesian Basin as a water resource is believed to be
possible in South Australia through the use of strategically placed bores that would ‘harvest’
water that would normally be lost by vertical leakage to surface evaporation. At a production
rate of 200,000 t/a copper, the Olympic Dam abstraction rate would be 34 ML/d. As noted
in Section 1.3.1, the current special water licences should also be sufficient for the
production of 350,000 t/a copper over the last six years of the twenty-year planning horizon
to 2016. By that date the planning for a further twenty years, to 2036, would be complete.

Water abstraction from the Great Artesian Basin is reducing regionally as a result of the State
Government’s programme to rehabilitate old, uncontrolled pastoral bores and plug others
that are no longer required. Since 1977, Mines and Energy South Australia, which is
implementing the programme, has repaired or plugged 192 bores, potentially saving an
estimated 105 ML/d that was previously wasted (Sampson 1996). This quantity is some three
times the estimated abstraction rate required to support an annual production rate of 200,000 t/a
copper at Olympic Dam.

Lake Eyre Basin

The Commonwealth Government has considered whether the Lake Eyre Basin has natural
heritage values of World Heritage quality. At the present time, World Heritage listing of the
area is not being pursued by the Commonwealth. Olympic Dam is located some 50 km
outside the Lake Eyre Basin, while Borefield A and Borefield B are located within it.
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On the basis that the mine will continue to remain operational, proceeding with the
Expansion Project will not affect the maintenance of the natural heritage values of the Lake
Eyre Basin.

275 kV transmission lines

The Olympic Dam mine currently sources its power requirements from a 132 kV transmission
line from Port Augusta. This transmission line is approaching capacity supplying the existing
operations and a new 275 kV transmission line from the site to Port Augusta is under
construction. Any further development at the mine up to the currently approved production
rate of 150,000 t/a of copper plus associated products would still have required construction
of the new line, even if expansion above 150,000 t/a of copper did not occur.

As noted in Section 1.3.1, for the second expansion phase to 350,000 t/a copper, the existing
132 kV line is proposed to be replaced with a second 275 kV line (in addition to the one
presently under construction). This additional line would follow the same alignment as the
existing 132 kV line, apart from the two minor deviations for the 275 kV line under
construction. Any additional environmental disturbance caused by construction of the
additional 275 kV line would be minimal.

Tailings management

Amongst other considerations, the tailings storage facilities at Olympic Dam are designed to
minimise seepage to the underlying soils. Future tailings storage facilities will also be
designed to ensure minimal seepage. Experience has shown that the risk of seepage is
greatest when new facilities become operational, that is, before the tailings beaches have
been fully established.

Future operations at Olympic Dam require the progressive establishment of additional
tailings storage facilities as existing facilities reach capacity. Overall, the Expansion Project
would require the development of a similar amount of tailings storage facilities, but these
would be developed at an increased rate (including an initial expansion of the existing
facilities) over a correspondingly shorter mine life. Therefore, when considered over the
longer term, a decision not to proceed with the Expansion Project would not affect the overall
volume of tailings storage, and thus not reduce the risk of seepage occurring from the tailings
storage facilities.

1.6 SCOPE AND STRUCTURE OF THE REPORT

1.6.1 Scope

The scope of this EIS covers the environmental implications of the Olympic Dam Expansion
Project, in response to the EIS guidelines (Appendix B) issued by the State and
Commonwealth governments.

The EIS does not revisit the issues covered in the 1983 EIS, the Borefield B report (Kinhill
Engineers 1995) and the environmental review (WMC—Olympic Dam Corporation 1995). It
also does not include issues associated with the nuclear fuel cycle or policy issues associated
with uranium mining, which are excluded from the scope as set out in the guidelines.

1.6.2 Structure

Two key considerations have shaped the structure of this EIS: the need to describe the scale
and physical characteristics of the Olympic Dam Expansion Project in the most effective way,
and the need to examine those environmental factors that have been identified in the EIS
guidelines and by WMC's consultants as being the most relevant in assessing the
environmental effects of the proposal.



Major elements of the project have been broadly categorised as follows:

 additional facilities (including infrastructure) required for mining, processing and tailings
disposal;

e effluents and emissions arising from the above, with particular reference to the movement
of radioactive material through the mining and processing stages;

= supporting services, with particular reference to water use and the management of water
resources;

e impacts on the terrestrial environment;

e accommodation of the workforce;

social and economic aspects, including creation of employment opportunities.

The existing operations at Olympic Dam are described in Chapter 2. The physical elements
of the Expansion Project are described in Chapter 3. Subsequent chapters (Chapters 4 to 15)
describe the effects of the Expansion Project on the existing environment, with environmental
aspects grouped according to their relationship to major elements of the project (Table 1.12).

The individual chapters discuss the present environment, the potential impact of the
Expansion Project, and the proposed environmental controls, management systems and
procedures. Where appropriate, the assessment method is also described.

Table 1.12 Report structure

Major project element Environmental considerations Chapter
Project description « Existing operations—general 2
« Future operations—general 3
Water management » Water use 4
*  Hydrogeology 4
Surface development ¢ Land use 5
« Aboriginal heritage 6
« Terrestrial environment 7
« Rehabilitation and decommissioning 14
Effluents and emissions « Tailings storage 8
s Air emissions 9
«  Noise 9
« Radiation 10
Infrastructure development +  Power supply 11
» Solid/liquid waste disposal 11
¢ Other infrastructure 1
Community and economic development + Social effects 12
« Town design 12
« Economic effects 13
Environmental and safety management *  Management plan 15
*  Emergency response 15
¢ Contingency planning 15
*  Monitoring programme 15

Appendix A presents the WMC policy and other commitments relevant to the Expansion
Project. Appendix B presents the EIS guidelines as finalised by the State and Commonwealth
governments. Of necessity, this document contains a significant number of technical terms.
As these may not be familiar to readers, a glossary has been included as Appendix C.
Technical abbreviations used in the document are contained in Appendix D, while references
are brought together as Appendix E, categorised by the chapter in which they occur. The
agencies consulted during preparation of this document are listed in Appendix F.
Appendix G lists members of the EIS study team. The technical appendices relating to specific
chapters (H-M) are separately bound in Volume 2.






EXISTING OPERATIONS AND
ENVIRONMENTAL MANAGEMENT

CHAPTER

This chapter describes the existing operations at Olympic Dam. The discussion covers the mining
operations, mineral processing facilities, infrastructure, waste management, environmental management
systems, occupational health and safety procedures, and the township. Experience gained from the
existing operations would be used to operate and manage the expanded project.

2.1 MINING

Mining commenced at Olympic Dam in 1988. Since that time, in excess of 100 km of
underground development has been completed and 17 Mt of ore mined. The mine workings
extend from 350 m to 700 m below the surface, and cover an area of 1 km by 3 km, about
the size of the Adelaide central business district. In December 1996, 286 people were
directly employed in mining activities, and a further 163 maintenance, mining and other
contractors were also employed.

The proposed expansion would not involve any significant change in the primary mining
method. The most significant changes proposed are in the area of access and materials
handling.

2.1.1 Geology

The ore deposit is located within the basement rocks of the Stuart Shelf geological province.
This province is located in the mid-north of South Australia, in the region to the west of Lake
Torrens (as shown in Figure 1.1).

The ore minerals, which are mainly fine-grained copper sulphide minerals, uranium
minerals, gold, silver and rare earth minerals, occur in a magnetic hydrothermal breccia
complex underneath 350 m of unmineralised sedimentary rocks. The ore occurs in a number
of distinct ore zones, which determine the mine access and layout. The geology of the region
and of the deposit is described in detail in Section 3.2.

2.1.2 Access

Access to the mine is provided by two vertical shafts—the Whenan Shaft and the Robinson
Shaft—and a service decline, an inclined tunnel that provides access to the mine for vehicles
(as shown in Figure 1.2). All ore and mullock (waste rock) are hoisted to the surface through
the Whenan and Robinson shafts.

The service decline and the main development headings (tunnels for mining access) are 6 m
wide by 4.8 m high, permitting access by conventional vehicles, including trucks and
personnel carriers, as well as the front end loaders and off-highway trucks used for mining,.
The maximum gradient for the decline and other headings is 1 in 9.

2.1.3 Development

Working faces where any horizontal underground development is being advanced are
known as development headings. The headings are drilled out with jumbo drill machines,
and on completion are referred to as drives. Types of drives include drill drives, tramming
drives and haulage drives (Figure 2.1).




Blastholes are charged with ammonium nitrate/fuel oil mixture (ANFO) and initiated with
shock tube detonators. Explosive charging is facilitated by the use of a fully self-contained
charging vehicle, complete with ANFO loader, hose reel, crane and basket, and air
compressor. The average heading advance for each blast is 3.8 m.

The broken rock is loaded by conventional 4 m? capacity front end loaders into 30 t capacity
off-highway trucks for haulage to the underground crusher. After removal of the rock from
the development headings, the walls and back (roof) are secured using 2.4 m long rockbolts.
Additional support, such as grid mesh and shotcrete, is used as required.

2.1.4 Production

The primary extraction method is a variant of sublevel open stoping, as shown in Figure 2.1.
In this method, the orebody is divided into a series of transverse blocks called stopes, the
width of which depends on such factors as geological structures, mineralisation, backfill and
extraction level geometry. A maximum width of 35 m applies for transverse stopes. Stopes
run the full width of the orebody and are usually between 60 m and 180 m high. A typical
stope may contain 300,000 t of ore. At the bottom of the stope, a system of drawpoints is
developed for extraction of the ore by front end loaders. The bottom of the stope itself is
tapered to facilitate this process.

Drill drives are driven on the stope centre line at 40 m vertical intervals, and blastholes
drilled in vertical rings as shown in Figure 2.1. The blastholes are charged with ANFO which
is then detonated with shock tube detonators, A maximum of 80,000 t of ore is fired in each
stope blast.

A slot is opened up for the full height and width of the block at one end of the stope, and
vertical rings of blastholes are then fired a few rings at a time into this void. The rock falls
to the bottom of the stope and is extracted through the drawpoints. Blasting and extraction
continue in vertical slices until the stope is completely empty. Before blasting commences,
the crown pillar (the rock that constitutes the roof of the stope) is supported with 15 m long
cable bolts to ensure the stability of nearby openings and to prevent dilution of the ore from
falls of waste rock.

After final extraction of the primary stopes is complete, the voids are backfilled with
cemented aggregate fill (CAF). CAF consists of crushed mullock (waste rock) or rock
obtained from a surface quarry and deslimed mill tailings with the addition of Portland
cement and pulverised fuel ash. Dune sand is sometimes substituted for mill tailings if
insufficient mill tailings are available. Backfill is introduced directly into the stope from the
surface through 300 mm diameter boreholes.

Only when a stope has been filled and the backfill given time to solidify are the adjacent
stopes mined. The secondary stopes (stopes where no further mining is to occur) are filled
with uncemented development mullock or quarry rock. Quarry rock is obtained as
required from a conventional surface dolomite quarry located to the north of the
metallurgical plant (Figure 1.2). Mullock, when available, is used in preference to quarry
rock for stope backfill.

2.1.5 Ore and mullock handling

There are two separate sets of existing ore and mullock handling facilities: those associated
with the Whenan Shaft, and those associated with the Robinson Shait. The Robinson Shatl is
a 5.3 m diameter circular concrete shaft 580 m deep, and is used for hoisting development
rock and mullock. The Whenan Shaft is a six-compartment rectangular (6.3 m x 3.5 m) shaft
500 m deep, and is used for hoisting ore.
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Ore from the stopes is loaded by front end loaders into 30 t trucks, which carry the ore to a
tip area, where two ore passes are located. The drawpoints where the front end loaders
operate are equipped with water sprays for dust suppression, as are the ore tip areas. Ore
must pass through a grizzly (a heavy grid designed to screen large rocks) before entering the
ore passes. Large rocks collected by the grizzly are broken with a rock breaker. Ore then
gravitates to the bottom of the pass where plate feeders carry the ore to a single 550 t/h jaw
crusher, where it is reduced in size to less than 200 mm. The crushed ore then passes to a
vibrating feeder which delivers it on to a belt conveyor, where an electromagnet is used to
remove any steel material.

The crushed ore is then fed on to the main underground conveyor, which carries it 460 m up
an incline of 1 in 6 to crushed ore bins adjacent to the Whenan Shaft. The ore is conveyed
from the crushed ore bins by a belt conveyor and loaded into 9.25 t capacity bottom-
discharge skips for hoisting to the surface. The Whenan Shaft hoisting capacity is 480 t/h.
The hoisting system is monitored remotely and operates automatically.  On reaching the
surface, the ore is conveyed to the process plant stockpiles.

An isometric diagram of the Whenan Shaft ore handling system is included as Figure 2.2, and
a simplified flowsheet of the system included as Figure 2.3.

At the Robinson Shaft, the facilities are similar to but simpler than those described above for
the Whenan Shaft. Mullock is delivered by 30 t truck and tipped directly onto an apron
feeder to a 400 t/h jaw crusher. The crushed mullock then passes directly to a 1,500 t
crushed mullock bin. Crushed mullock then passes through a bin feeder to a conveyor, and
then to 7 t capacity skips for hoisting to the surface. The hoisting capacity is 400 t/h. On
reaching the surface, the crushed mullock is carried by truck to the backfill plant or to the
mullock stockpile.

2.1.6 Ventilation

The ventilation system is required to remove contaminants from the mine air, principally heat
(from the surrounding rock and from mining equipment), mobile vehicle diesel exhausts,
blasting fumes, dust and radiation products.

FIGURE 2.2
ISOMETRIC DIAGRAM OF WHENAN
SHAFT ORE HANDLING AND

VENTILATION SYSTEM o Indicates direction of
ventilation air flow
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Development drives are frequently developed to a length of up to 500 m before through flow
is established. During this period, adequate ventilation (25 m?/s) is achieved by use of
90 kW fans forcing air through ventilation tubing to the face of the development heading.
There are twenty-one airways connecting the underground workings to the surface. Eighteen
of these are ventilation shafts (or raises) from 2.4 m to 4.5 m in diameter, and the Whenan
and Robinson shafts and the service decline make up the total. Depending on their location,
air flows either into an intake raise (downcast) or out of an exhaust raise (upcast) through
these openings. The total air ventilation rate through the mine as of 30 June 1996 was
1,500 m¥/s at 2,000 Pa negative pressure. Figure 2.2 shows the ventilation arrangement at
the main crusher station and the Whenan Shaft.

Stoping areas are designed so that all accesses are located on the intake (i.e. fresh air) side, and
the main intakes and exhaust are as close as practical to the stopes. The stopes are under
negative pressure, with air being drawn in through the drawpoints (when open) and drill
sublevels and exhausted through main vent returns on the top drill sublevel. The flow of air
through the stopes is controlled by the use of regulators in the breakthroughs to the exhaust raises.

A comprehensive radiation exposure management programme has been implemented to
assess radiation levels throughout the mine and to monitor personnel exposures. A
computerised system is used to log individual employee work location, hours in location and
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other information, including use of airstream filter helmets. Detail on the monitoring
programme is provided in Chapter 10.

2.1.7 Maintenance

All routine maintenance of heavy mobile equipment is carried out in an underground
workshop equipped with overhead cranes. A drive-through service bay is equipped with a
fast fuel system and pressurised oil and grease dispensing facilities. Major repairs and
component rebuilds are carried out in the surface workshops or off site in Adelaide or other
centres. Other equipment is maintained regularly, and repairs are carried out in situ or in the
underground or surface workshops, as appropriate.

Non-destructive testing of winder ropes is conducted every three months, and a sample is
taken every six months for testing to failure.

2.1.8 Mine services

Potable water is supplied to the mine through a pipeline in the Whenan Shaft and several
boreholes located in the stoping areas. Pressure reducers are used to control pressure at the
workings. Compressed air is likewise reticulated through the working areas. Air and water
pipelines are extended as required. Recycled mine (saline) groundwater is used for drilling
and dust suppression.

The total volume of water pumped from the mine is approximately 3.2 ML/d. This water
arises from seepage from an aquifer intersected by the decline, Whenan Shaft and
surrounding raise bores. Small electric or compressed air pumps are used to transfer mine
water to local settling sumps located underground, and electric plunger pumps then lift the
water to the surface to the main mine water dams.

Electrical energy is supplied to underground substations within the mine at 11 kV through
cables in boreholes. This is transformed to 440 V or 1,000 V for reticulation throughout the
workings to supply fans, pumps and jumbo drills.  Armoured cable is used for all
underground reticulation.

Nearly all supplies and consumables are delivered underground through the decline in
conventional highway trucks. Mining personnel are transported underground in the Whenan
Shaft service cage lift, which is also used for delivery of maintenance spares.

2.1.9 Mine planning

Orebody modelling is carried out using commercially available software that permits
interactive design and editing. Stope outlines are drawn and edited on the screen and stope
reserves, including loss and dilution factors, are calculated directly.

Blasthole rings and cable bolt patterns are designed using in-house software on personal
computers. Data from the stope design system are imported directly and used as the basis
for blasting and support design. The graphical output includes all the necessary information
on borehole depth, inclination and blasting data. Scheduling of development and stoping is
also computerised. Surveying is also highly automated, with extensive use being made of
control stations and data loggers. Survey data are transferred electronically to the mine
planning programmes.

2.2 MINERAL PROCESSING FACILITIES

The layout of the existing mineral processing facilities (referred to generally as the
metallurgical plant) is shown in Figure 2.4. Figure 2.5 shows a simplified process flowsheet
for the existing metallurgical plant.
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The mine ore is processed to produce 99.99% purity cathode copper, 98.5% purity uranium
oxide, and refined gold and silver of 99.99% purity. The ratio of copper and uranium in the
ore varies, and thus production levels vary within limits. The present cathode copper
production is at the operation’s current full capacity of 85,000 t/a. Uranium oxide production
is currently 1,500 t/a, while gold production is 850 kg/a and silver production is 13,000 kg/a.

However, the plant’s available capacity is more than 1,800 t/a of uranium oxide.

In December 1996, 378 people were directly emploved in mineral processing activities, and

a further 136 contractors were also employed.

The metallurgical plant has been designed so that any spillages of ore, concentrate or process
slurries can be readily returned to the process circuit. The metallurgical plant consists of a
arinding mill, copper concentrator, hydrometallurgical plant, copper smelter and sulphuric
acid plant, copper refinery and precious metal recovery facilities, all of which are described
further in the following sections. Waste management and control of emissions are described
in Section 2.4. Raw materials and product handling and transport are described in Section

3.6, together with the discussion for the Expanded Project.

2.2.1 Copper concentrator

Ore is reclaimed from the stockpile and ground in a comminution circuit which consists of a
34 foot (10.4 m) diameter autogenous grinding mill (Figure 2.6), and a pebble crusher operated
so that 80% of the product, a finely ground slurry, would pass through a 75 pm screen.

The slurry is pumped to the flotation plant where it is mixed with reagents in a series of
agitated and aerated tanks in which the copper sulphide particles attach themselves to
7

bubbles and are floated to the surface (Figure 2.7).

This copper sulphide concentrate also contains the bulk of the gold and silver that is recovered
from the ore. The non-sulphide particles, which do not float and are discharged from the
bottom of the tanks as flotation tailings, contain most of the uranium bearing minerals.
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2.2.2 Hydrometallurgical plant

The copper concentrate and flotation tailings are sent separately from the copper
concentrator to the hydrometallurgical plant, which has two functions—to clean and
upgrade the copper concentrate before it is sent to the smelter area, and to extract the
uranium from the tailings and process it into saleable uranium oxide.

The copper concentrate is leached with sulphuric acid to dissolve as much as possible of any
contained uranium. The leached concentrate is then refloated to produce the final copper
concentrate. This flotation step rejects waste material liberated during the acid leach and
produces a copper concentrate that contains about 55% copper. The copper concentrate is
then thickened, filtered, dried and transferred to the copper smelter for further processing as
described in Section 2.2.3. The uranium-rich liquor produced in the acid leach is mixed with
the other uranium leach liquors, and further processed to recover uranium as described below.

The flotation tailings are leached separately in an acid liquor containing an oxidant. The
slurry is heated to 60°C by injection with steam. This leaching process extracts uranium and
residual copper from the flotation tailings. The leached residue is washed and the liquor
separated in a continuous countercurrent decantation (CCD) circuit which has eight high-rate
thickeners connected in a combined series/parallel arrangement,

Part of the final tailings residue from the CCD circuit is deslimed through clusters of
hydrocyclones to separate the coarse sand, which is used for mine backfill. The slimes (fine)
fraction of the tailings is thickened and then pumped, together with the remainder of the
tailings residue, to the tailings storage facility (Section 2.4.1).

The leach liquor is clarified and pumped through three sand filters to remove fine suspended
solids prior to pumping to the solvent extraction plants. The copper solvent extraction plant
recovers the soluble copper from the clean leach liquor. The soluble copper is concentrated
into an electrolyte which is pumped to the refinery for the production of electrowon copper,
as described in Section 2.2 .4.

After the copper has been recovered from the leach liquor, the copper raffinate is processed
in the uranium solvent extraction plant. The soluble uranium is extracted and concentrated



FIGURE 2.8
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into a purified solution of ammonium sulphate. This solution is treated with ammonia to
precipitate ammonium diuranate, which is commonly referred to as yellowcake. The
yellowcake is washed and centrifuged, and then calcined in an oil-fired furnace to produce
uranium oxide. Raffinate passes back to the CCD circuit.

Uranium oxide is a granular material, and is dark green in colour, although colloquially (and
5 B )

incorrectly) it is sometimes referred to as yellowcake. Uranium oxide (as U,0O,) is the final

product and is packed into 205 L drums (Figure 2.8) and transported in standard

2 mx 2 mx6mcontainers for shipment overseas.

2.2.3 Copper smelter

In the copper smelter (Figure 2.9), copper concentrates are smelted to produce copper
anodes using direct-to-blister copper smelting technology licensed to the Finnish company
Outokumpu Oy.

The copper concentrate from the hydrometallurgical plant is dried at the feed preparation
area, then mixed with silica flux (sand) and recycled dust from the waste heat boiler and dust
collectors. This mixture is fed into the reaction shaft of the flash smelter, together with
80-90% oxygen-enriched air. The fine concentrate reacts or flashes instantaneously in an
exothermic (heat releasing) reaction, at 1,250°C. Copper and slag droplets fall to the hearth
of the furnace where two separate layers form: blister copper and slag containing iron, silica
and approximately 20% copper as oxide.
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FIGURE 2.9
EXISTING COPPER SMELTER

The slag and blister copper are removed periodically by tapping the furnace (Figure 2.10).

The molten slag is tapped into an electric furnace for recovery of the oxidised copper. Three
submerged carbon electrodes supply heat to the furnace. The slag reacts with a layer of coke
to produce both blister copper and a slag containing 3-5% copper, which is recycled to the
grinding circuit (Section 2.2.1).

The molten blister copper from the flash furnace and electric furnace is tapped into one of

two anode furnaces for further purification by fire refining. This comprises an oxidation

phase (by injection of oxygen) to remove sulphur, followed by a reduction phase (by

FIGURE 2.10
TAPPING COPPER




FIGURE 2.11
ANODE CASTING WHEEL

injection of LPG) to remove excess oxygen. After removal of the sulphur and oxygen, the
copper, now at about 99.6% purity, is cast into copper anodes on a revolving casting wheel
(Figure 2.11). Anodes are also cast from the shaft furnace, a furnace that melts clean refinery
scrap and other scrap copper. The impurities in anode copper include the gold and silver
contained in the feed concentrate,

Oxygen plants (Figure 2.12) produce oxygen for the flash smelting reaction. A waste heat
boiler recovers heat generated from the flash smelting reactions. Steam produced from the
boilers is utilised in the hydrometallurgical plant and the refinery.

””mlﬂllﬂu’

FIGURE 2.12
EXISTING OXYGEN PLANT
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FIGURE 2,13
‘ EXISTING ACID PLANT

In the flash smelting reaction, the sulphur fraction of the copper sulphide is oxidised to
produce sulphur dioxide (SO,) gas, which passes to a 400 vd acid plant (Figure 2.13) where
it is converted to sulphuric acid. The smelter off-gas supplies about 70% of the sulphuric
acid required by the operations. The remainder of the acid requirements are met by burning
molten sulphur in the sulphuric acid plant and converting it to sulphuric acid, and by
purchasing acid.

2.2.4 Copper refinery

Copper anodes produced by the copper smelter are transported to the electrorefinery where
they are loaded into plastic-lined and acid-resistant concrete cells (Figure 2.14). Next to
each anode is a stainless steel mother plate or cathode. After the cells have been filled with
a dilute sulphuric acid — copper sulphate electrolyte, a direct electrical current (27,000 amps)

FIGURE 2.14
ELECTROREFINERY




is passed through each cell, travelling from the anode through the electrolyte to the cathode.
The copper dissolves at the anode and is redeposited on the cathode, while impurities either
dissolve in the electrolyte or fall to the bottom of the cell. In this way, the anode copper is
refined to high purity (99.99%) cathode copper.

After each seven-day cycle, the cathode mother plates are removed from the cells, the
copper stripped off as copper cathode sheets and the mother plates returned to the cells. The
copper sheets are then sampled and bundled for shipment and sale (Figure 2.15). After three
seven-day cycles, the remnant copper anodes (16% of original weight) are removed from the
cells, washed and returned to the smelter for melting. The shaft furnace or the anode
furnaces are used to melt this scrap and recast it into anodes.

Most of the copper is produced by the electrorefining process. However, about 10% is
recovered by electrowinning from the solution generated in the copper solvent extraction
area of the hydrometallurgical plant (Section 2.2.2). In the electrowinning cells, lead anodes
are used and the copper deposited on the mother cathodes is recovered from the electrolyte.

Control of the electrolyte impurities in the electrorefining tankhouse is achieved by returning
a proportion of the electrolyte bleed to the copper concentrate leach circuit in the
hydrometallurgical plant.

Acid mist is generated mainly in the electrowinning section of the tankhouse; emissions in
the electrorefining section are quite minor and require no treatment other than by natural
ventilation. The generation of electrowinning acid mist is controlled by a combination of
physical suppression by the use of floating plastic beads on the surface of the electrolyte in
the cells and a controlled dosage of a chemical surfactant (foaming agent).

The tankhouse walls and roofs are provided with ventilators to promote air flow, and
personal monitoring and static samples are used to confirm that levels of acid mist within the
tankhouse meet occupational health standards. Owing to its proximity to both the acid plant
and the smelter, the refinery is fitted with sulphur dioxide alarms to alert personnel in the
event of a sulphur dioxide leak emergency.

FIGURE 2.15
BUNDLED COPPER CATHODES
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2.2.5 Gold and silver refinery

During the electrorefining process, anode slimes are generated by impurities in the anode
falling to the bottom of the cells. The anode slimes contain most of the gold and silver
present from the original feed ore. This gold and silver is recovered in the gold and silver
refinery. A simplified flowsheet for the refining of gold and silver is shown in Figure 2.16.

The initial treatment involves copper removal, after which anode slimes are neutralised and
treated with sodium cyanide to solubilise gold and silver. The slimes residue is then filtered
off and passed to the tailings storage facility for impoundment.

A zinc precipitation step recovers gold and silver in solution as a solid precipitate. The
barren cyanide solution arising in the zinc precipitation filter is neutralised with ferrous
sulphate prior to disposal in the tailings retention system. The addition of ferrous sulphate
prevents the formation of hydrogen cyanide when the barren cyanide solution is combined
with the acidic tailings. The zinc precipitate is acidified with sulphuric acid and oxidants,
namely hydrogen peroxide and sodium nitrate, to solubilise the zinc and remaining
impurities. The off-gases that are evolved in this process are ducted to a caustic soda
scrubber system to minimise nitrogen oxide emissions.

The gold-silver precipitate is filtered and smelted in a rotary furnace to produce combined
gold-silver (doré) anodes. Furnace gases are scrubbed to maintain particulate emission
levels below statutory limits. Effluent discharge from the scrubber is also directed to the
tailings retention system,

The doré metal is cast into anodes which are placed into silver refining cells to recover silver
by electrolysis as cathode. Emissions that arise during the preparation of silver electrolyte are
ducted to the scrubbing system used for the zinc precipitate acidification gases. The silver
cathode is smelted and cast as silver bullion.

Gold recovered from the silver refining cells as a gold mud is filtered and washed with acid
prior to being cast into gold anode. The gold anodes are placed into gold refining cells
which recover pure gold by electrolysis as cathode. The gold cathode is smelted and cast as
gold bullion.

2.3 INFRASTRUCTURE

2.3.1 Energy

Electrical power is supplied to Olympic Dam by a 132 kV transmission line from Pimba, off
the 132 kV transmission line from the Port Augusta power station to Woomera. The
transmission line to Woomera was originally constructed in the early 1950s and then
extended to supply the requirements of Olympic Dam for the initial project in 1986. As part
of the original project infrastructure, two major 132 kV switchyards were constructed: one
near Pimba, several kilometres from Woomera, where the transmission line extension
originates, and the other at Olympic Dam, where it terminates. Two 132/11 kV 27/33 MVA
main power transformers at the Olympic Dam 132 kV switchyard reduce the voltage to
11 kV for general plant distribution.

The electrical power demand at Olympic Dam is presently of the order of 40 MW average
load (44 MW peak load). At this loading, the capacity of the 132 kV transmission line supply
to Olympic Dam and Woomera is approaching its limit. A new 275 kV transmission line is
presently under construction, and is expected to be completed in January 1998. Further
information on the new 275 kV transmission line is provided in Sections 3.9 and 11.2.

On-site power generation is generally reserved for emergency purposes and consists of
2 x 2,400 kW diesel alternator sets at the metallurgical plant and 3 x 800 kW diesel alternator
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sets at Whenan Shaft. The 2,400 kW diesel alternator sets at the metallurgical plant are also
occasionally run while starting large 11 kV drives such as mill motors.

Forms of energy other than electrical power are also consumed at the current operations.
These include the energy released from the copper concentrates when they are oxidised in
the flash smelter and from the burning of elemental sulphur in the acid plant. Other forms
of energy include diesel and petrol for vehicles; LPG in the anode furnaces; diesel in the flash
smelting furnace, anode furnaces, auxiliary boilers, yellowcake calciner and mine site
vehicles; and coke in the electric furnace. Table 2.1 summarises the current site energy
consumption.

WMC has sent a letter of intent to the Commonwealth Government to sign on to the
Greenhouse Challenge programme. This applies to all WMC facilities, including the Olympic
Dam operations. The next available time for signing on is October 1997. To this end, data
collection has commenced to establish WMC’s baseline emissions, and a team has been
assembled at Olympic Dam to propose, evaluate and implement energy reduction projects.

Table 2.1 Current site energy use

Energy type Annual consumption’

(Gh
Electrical power 1,165,931
Diesel/fuel oil 753,394
Petrol 7,398
LPG 405,034
Coke 58,077
Copper concentrate oxidation 330,000
Sulphur 55,387

1 Based upon actual use for 1995-96.

An energy savings review of Olympic Dam was conducted in April-May 1995 by
independent energy consultants. A number of the recommendations from this review are
currently being progressed, with significant savings in electrical energy predicted. The
consultants are presently conducting a further review of the Olympic Dam operation,
including the Expansion Project, results of which are pending.

The current Expansion Project will include a life cycle assessment for all major equipment
items. This assessment will examine equipment usage over a twenty-year operational time
frame, and will focus on minimising the use of water and energy in the expanded plant. The
life cycle assessment work will have a key influence on WMC’s participation in the
Greenhouse Challenge programme.

2.3.2 Water supply

Water supply to the operations is from two borefields (A and B) which are located some
100 km and 200 km respectively north-east of Olympic Dam. These borefields and
associated pipelines and pump stations are described in Section 4.1.

The water usage at Olympic Dam and Roxby Downs is presently about 15.0 ML/d,
comprising 10.5 ML/d for process use and 4.5 ML/d of treated water of potable quality.
Some 1.6 ML/d of the potable quality water was used in Roxby Downs township.

With the implementation of better practices, water usage has reduced from 2.10 kL/t of ore
processed in 1989-90 (the first full year of production) to 1.57 kL/t of ore processed in
1995-96. These figures include both process and potable water used at the mine and
metallurgical plant. Investigations are continuing in order to identify further opportunities for
water conservation. Ultimately the limiting factor in terms of process water recycling is the
build-up of chloride, which affects metal recoveries in the hydrometallurgical plant.



In regard to potable water use, a committee has been formed to promote water conservation
by the workforce and the local community, through such measures as encouraging arid zone
native gardens. Treated:sewage effluent is also used for watering community sports grounds
and the golf course.

2.3.3 Access and telecommunications

Access to the Olympic Dam operations is via a sealed bitumen road of a minimum sealed
width of 7 m. The operations are located some 14 km north of Roxby Downs. The access
road to Roxby Downs and the operations links with the Stuart Highway some 85 km south
of Roxby Downs (Figure 1.1). The road to Andamooka is also sealed.

The Olympic Dam mine is also serviced by an airport capable of handling turboprop and small
jet aircraft. Kendall Airways operates a regular passenger service to this airport from Adelaide.

Telstra has recently installed a digital mobile phone network to serve Roxby Downs, Olympic
Dam and nearby areas. The Olympic Dam operations have direct electronic and
telecommunications links to WMC offices in Adelaide and elsewhere.

2.4 WASTE MANAGEMENT

2.4.1 Solid and liquid wastes

The mining and processing operations produce a series of waste streams which are managed
in separate dedicated facilities as described below.

Tailings retention system

The primary waste stream from the operation is the tailings from the metallurgical processing
of ore. Tailings are essentially the finely ground residue of the ore remaining after as much
as possible of the copper, uranium, gold and silver components have been recovered. The
tailings contain residual quantities of uranium-238 (#38U) and the principal radioactive
isotopes in its decay chain (Figure 2.17). The overall radioactivity in the tailings is
approximately 80% of the radioactivity of the original ore. The extraction of uranium by
leaching renders tailings slurry acidic, with a pH of 1-2.

The tailings, which contain approximately equal proportions of solids and water by weight,
are dewatered and retained in the tailings retention system. The principal components of the
tailings retention system are the tailings storage facility, where tailings are stored, and the
tailings liquor evaporation ponds. These are described separately below, and in more detail
in Chapter 8.

The current tailings retention system has recently been upgraded following the detection of
seepage from this facility. The seepage was publicly announced by WMC in February 1994,
and a full description of the seepage event and the implementation of the upgraded facilities,
including an improved groundwater monitoring programme, has been publicly documented
(WMC—Olympic Dam Corporation 1995). Further discussion is provided in Chapter 8.

The seepage event was the subject of an inquiry by the Environment, Resources and
Development Committee of the Parliament of South Australia (South Australia, Parliament
1996). The committee found that the changes ‘have been undertaken with commendable
zeal and that they appear to represent an appropriate response to the leakage which will
minimise the likelihood of future problems provided the new system is properly constructed,
monitored and managed’. It also reported that ‘on the basis of current evidence, there have
been no harmful effects to employees, the local community or the environment arising out
of the leakage from the tailings retention system at Olympic Dam and that it is highly unlikely
that any such harmful effects will emerge in the future’.

O L Y mMm P I ( D A M E X P A N § I O N PR O | F C T £ I 5



By By

URANIUM U 0 247,000 yours
4
234
PROTACTINIUM i
L] ]
234 230
THORIUM 241 Iar:'a su.oouva'ars
.
226,
RADIUM .5
A ]
222
" RADON .8
218 EY
ASTATINE 200nsl)
d
| ) ]
‘ PE. N 214p, 210,
POLONIUM W W N g .2
's .
294 2 ¥,
BISMUTH - P Iy
i o 1 % 1
214 X 210 2064
LEAD s ¢ mod %l
4 4
. .
Fil p
THALLIUM i W |
| =
o)
“Beta decay
- | Hlpﬂ B
FIGURE 2.17 3.05 minuiés (no gamma decay)
URANIUM DECAY SERIES +Alpha decay
Gamma emitter (and

: "f,ﬂ.‘ either an alpha emitter,
B a beta emitter, or both)




Tailings storage facility

Part of the tailings stream is hydrocycloned in a sands recovery plant to separate the coarse
(or sand) fraction for use in mine backfill, while the fine fraction (or slimes) is thickened in the
slimes thickener circuit (as shown in Figure 2.5). Not all the coarse material in the tailings is
able to be utilised for mine backfill, and thus only that proportion of the tailings necessary is
hydrocycloned. The underflow of the slimes thickener is combined with the remaining
portion of the tailings that have not been hydrocycloned, and then pumped to the tailings
storage facility. The slimes thickener overflow is pumped to the evaporation ponds.

There are three tailings storage cells of total area 190 ha (as shown in Figure 1.2). The tailings,
which currently leave the metallurgical plant slimes thickener at a rate of approximately
2.7 MVa (of solids), are deposited using the subaerial deposition method. This involves placing
the tailings in thin layers (approximately 100 mm thick) and allowing each layer to dry before
the next layer is added. This method is ideally suited to the climate at Olympic Dam, where
evaporation rates are approximately 14-18 times rainfall. To ensure an even deposition, the
tailings are released progressively around the perimeter of each cell through a series of outlets
from a main distribution pipe. Deposition of tailings at any time takes place over a length of
approximately 200 m.

The solids settle out of the slurry to form beaches, with liquor flowing to the low point in each
cell. Cracks that form as each layer dries and consolidates are filled with new tailings in the
next deposition release.

The cycle of progressive deposition around all cells in sequence takes several weeks. Excess
liquor that has not evaporated flows to the low points in the tailings cells, forming supernatant
liquor ponds. This liquor is removed from the pond by decant systems and flows via a pipeline
to the evaporation ponds.

Tailings liquor evaporation ponds

The tailings liquor evaporation ponds accept liquor from the decant systems of the tailings
storage facility, slimes thickener overflow, and wash water resulting from the washing of acid
from the mine backfill material. Following concentration by natural evaporation, the residual
liquor is pumped back to the tailings mixing tank and combined with fresh tailings. The
tailings from this tank are then pumped to the tailings storage facility.

The evaporation ponds have been constructed with a composite liner with an expected overall
permeability of not more than 10m/s, which comprises:

» a synthetic liner composed of a nominally 1.5 mm thickness, high-density polyethylene
(HDPE) membrane;

« a compacted clay liner of a minimum of 300 mm in thickness, characterised by a low
permeability of 5 x 107 m/s, immediately underneath the synthetic liner.

The evaporation ponds have recently been fitted with a bird control system developed on site.
The system, used at night, comprises a rotating light that operates intermittently, mounted on
a small pontoon. The system takes advantage of water birds" aversion to a moving intermittent
beam of light shining on them, to deter them from frequenting the ponds. The system has been
successful in diverting birds to other ponds in the area where they can come to no harm.

Mine water disposal pond

Naturally saline groundwater (total dissolved solids of about 20,000-40,000 mg/L) enters the
underground mine workings principally by infiltration through the raise bores and mine
workings (e.g. shafts, tunnels). This water is used in mining operations and other sections of
the operation, including the mine backfill plant, drilling, and for dust suppression. During
times of construction almost all of the mine water is consumed.
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Any remaining mine water that cannot be used in the operation is discharged to the mine
water disposal pond. This mine water, apart from its high salinity, has very low levels of
contaminants, and is of similar quality to the natural groundwater. This is discussed further
in Section 4.6.

The existing mine water disposal pond is located to the east of the tailings storage facility (as
shown in Figure 1.2), is 15 ha in area and currently receives approximately 3.2 ML/d of mine
water.

It should be noted that the mine water disposal pond is a natural unlined claypan, and
therefore much of the mine water is lost by seepage. This seepage is considered to have a
low potential for environmental impact, as the minewater is of similar quality to natural
groundwater in the area. The seepage lies within a cone of depression in the natural
groundwater level caused by dewatering of the underground mine (described in Section 4.6),
and is thus self-impounding,

Solids landfill

All wastes produced on site are disposed of in an on-site landfill area, after reclaimable
material has been recovered. Waste generated on site is defined as radioactively
contaminated and cannot be removed from the site without specific approval from the
statutory Radiation Safety Officer on site.

Wastes include tyres, paper, packaging, drums, approved chemicals and substances,
concrete, and domestic type wastes (e.g. food scraps). An active programme has been
established to minimise the waste going to landfill and to recover, reuse or recycle, where
possible. Scrap material that has been recovered is cleaned and undergoes a formal
clearance procedure prior to being removed from the site.

Sewage treatment

Sewage from the mine and processing plant area is treated in an on-site treatment system,
which comprises primary treatment and an evaporation pond. At present some of the effluent
is being reused for revegetation purposes; however, as part of the focus on water
conservation, its potential total use is being re-examined.

The civil administration of Roxby Downs is responsible for management of effluent from the
town sewerage system. This system provides primary treatment and lagooning, and the
recovered effluent is used for irrigating the community golf course and other grassed
recreational areas.

Stormwater run-off

Stormwater collected in the bunded parts of the metallurgical plant is presently recavered
when practicable by pumping it into the process water system. Stormwater run-off from
other impervious areas within the plant is currently directed to unlined sumps and allowed
to infiltrate and evaporate. Collection and use of stormwater is undertaken following major
rain events, although this has been infrequent owing to the low level of rainfall in the region.

2.4.2 Airborne emissions

Airborne emissions from the operation include salt, fugitive dust, and process particulate and
gaseous emissions from a variety of sources including unsealed roads, stockpiles, materials
movement, mine ventilation, process stacks, and tailings storage. All control equipment is
designed to meet State emissions standards and national emissions guidelines. Control
equipment is also subject to works approval by the South Australian Environment Protection
Authority (EPA) under the Environment Protection Act 1993, and the operations hold a
prescribed activity licence issued under that Act. The EPA licence, which is a public
document, outlines conditions of operation, emission limits and exemptions.
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Salt spray

Salt spray emissions originate from the local aquifer and are brought to the surface entrained
in the mine ventilation raise bore airstreams. Salt spray emissions have been shown in the
past to impact adversely on the local vegetation if the emission volumes are significant
(WMC—Olympic Dam Operations 1994, WMC—Olympic Dam Operations 1995). Over
recent years the salt release into the environment has been controlled by redirecting the
ventilation airstream flows into collection pits, which collect a large proportion of the total
salt emission (Figure 2.18). This has been demonstrated to prevent vegetation damage, and
to allow previously damaged areas to recover.

Fugitive dust

Fugitive dust emissions originate from unsealed roads, mine ventilation, stockpiles, materials
movement, process stacks, and tailings storage. Several management strategies have been
employed to reduce dust emissions and, hence, dust impact. These strategies include
wetting of materials, collecting dust by improved environmental engineering, and improved
process control.

The controls stated in the 1983 EIS assumed that the ore might be dusty. In practice, owing
to the dampness of the ore, dustiness is not generally a problem. The main overland
conveyor from the mine and the stockpile reclaim conveyors are all covered. Water sprays
are used when necessary for tipping of ore or mullock onto the main stockpiles. However,
this is unnecessary most of the time because the material is damp.

Dust emissions from the sulphur stockpile are controlled by using side tipping trucks for
restocking. This results in minimal dusting at this point.
Process emissions

Process emissions originate from the processing of ores and other materials within the
metallurgical plant. The process emissions that are monitored are particulates (including
heavy metals); the acid gases—sulphur dioxide (SO,), sulphur trioxide (SO,) and sulphuric

FIGURE 2.18
RAISE BORE FAN AND SALT
SPRAY EMISSION CONTROL
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acid mist; nitrogen oxides; lead-210 (*'°Pb); and polonium-210 (*'%Po). The principal acid
gas stack sources include the acid plant and the two anode furnace stacks. Other potential
sources of acid gases, and also particulates, include fugitive emissions from the smelter roof
ventilation, blister tapping, slag tapping and the electric furnace as well as the use of
emergency vent stacks when operational difficulties are encountered.

The original electric furnace design included a fabric filter. However, this unit has proven to
be unsuitable owing to the occasional high temperatures experienced in the off-gas. A scrubber
system is being installed as an alternative control measure. The University of Adelaide has also
completed research work on a preconditioning chamber, and this chamber is to be included in
the new design. The new equipment is expected to be operational by mid-1997.

Dust from the uranium oxide bin and packaging area is collected by a high-efficiency venturi
scrubber. This avoids the need for dry handling of collected material. Scrubber effluent is
returned to the solvent extraction plant.

The off-gases that are generated in the gold refinery processes (Section 2.2.5) are ducted to a
caustic soda scrubber to minimise nitrogen oxide emissions.

The gases produced in the flash furnace, which contain SO, and SO, are controlled by passing
the gases to a sulphuric acid plant. The gases first pass through a waste heat boiler and
electrostatic precipitator, and are then ducted to the humidifier and mist precipitators at the acid
plant where the gas is cleansed of dust. The SO, then undergoes conversion to SO, as it passes
through a catalyst bed. Following conversion, the gases pass through a series of absorption
towers to remove the SO, component, prior to release to the atmosphere via the acid plant stack.

The conversion performance of the acid plant is closely monitored. The acid plant typically
requires relatively frequent cleaning of the catalyst to ensure that the standards are met. Air
emissions from the plant are designed to meet the EPA standards of 100 mg/m? SO, and total
acid gases from sulphuric acid plants of 3.0 g/m? (as SO, equivalent) during normal
operations. The EPA licence includes an exemption to these standards for up to five hours
during start-up. Measured acid gas emissions indicate levels of up to about 1.4 g/m? during
normal operation. In January 1994 and August 1995, algorithms were added to the plant
process control system to provide operators with a direct indication of acid plant emissions.

The anode furnaces undergo a cyclical operation (Section 2.2.3). The oxidation and
reduction phases are characterised by elevated emissions of particulate matter and heavy
metals. Emissions of particulates, heavy metals and also ?'°Po (which can build up by the
recycling of collected dust) are controlled by ventilation to a fabric filter. The EPA licence
provides for exemptions from emission standards during abnormal plant conditions for up to
20 minutes during reduction and 30 minutes during oxidation.

The smelter design and installation includes local ventilation to collect emissions emitted
during tapping of molten metal and slag. The effectiveness of the ventilation system is
monitored through occupational airborne contaminant monitoring. A programme is in place
to upgrade the ventilation system in order to improve occupational hygiene conditions, and
to reduce temperatures in the workplace.

The plant monitoring programme includes regular stack measurement of particulate and SO,
levels, two meteorological stations, four sites at which total suspended particulates are
monitored, and an SO, monitoring station.

On 1 February 1996 WMC submitted an Environment Improvement Programme, as required
in the State EPA licence, which presented a programme tor improvement ot air emissions
control for the three areas for which exemptions are currently held. As described above, this
programme is well under way for the electric furnace, acid plant and anode furnaces.
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Noise

Noise emissions emanate from various sources throughout the site, with the major noise
sources being associated with the ore handling and crushing facilities (autogenous mill and
ball mills), the anode furnaces and the flash furnace.

Results of noise surveys throughout the operations have been used to limit noise exposure
levels for employees to less than statutory limits. This is achieved by restricting access to
those areas of the plant where hearing protection is required. These areas are also provided
with signage indicating that hearing protection must be worn in these areas. Hearing
protection is made available to all employees and visitors to the operations.

Noise exposure monitoring of employees is a component of the overall occupational health
monitoring programme undertaken at the operations.

Noise emissions at the site are not sufficient for these to be audible above background levels at
the nearest residences (Olympic Dam Village), which are located some 5 km from the plant site.

2.5 ENVIRONMENTAL MANAGEMENT SYSTEMS

2.5.1 Staffing and responsibilities

WMC maintains a Radiation, Environment, Safety and Quality Department to administer the
environmental management and monitoring programme formulated for the operations
(Figure 2.19). This department currently has forty-six staff, comprising the department
manager and secretary, seventeen in the environmental group, thirteen in radiation, eleven

in occupational health and safety, and three in quality management.
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One of the primary roles of the department is to ensure that the requirements of the WMC
Environment Policy and the legally required environmental management obligations are
fulfilled for the whole operation.

This is achieved by:
» setting high standards of environmental protection and management;
« satisfying the requirements of the Indenture;

+ complying with the Commonwealth codes of practice on radiation protection in the
mining and milling of radioactive ores and the management of radioactive wastes;

» managing, monitoring and protecting the environment, and reporting to the State
quarterly and annually as required under Clause 11 of the Indenture and the special water
licences.

The two major areas monitored are the natural environment and environmental radiation.
Monitoring of the natural environment involves assessment of meteorology, vegetation, mine
site rehabilitation, fauna, terrain analysis, soil salinity, hydrogeology and the borefields.

Environmental radiation monitoring is undertaken in all areas. Vegetation, soil, dust, farm
animals and atmospheric and water samples are monitored for radionuclides. A laboratory
capable of low-level radioactivity determinations is maintained to carry out analyses. The
laboratory is located away from the mine and metallurgical plant, near the Olympic Dam
Village.

2.5.2 Previous management programmes

Up to the end of February 1996, environmental management had been guided by the
implementation of two plans, the Environmental Management Programme (EMP), and the
Waste Management Programme.

Clause 11 of the Indenture requires that every three years a programme for the protection,
management and rehabilitation (if appropriate) of the environment, including arrangements
for monitoring and studying sample areas in order to ascertain the effectiveness of such a
programme, shall be submitted to the Minister for Mines and Energy. Until early 1996, WMC
was operating under its third three-year EMP, which covered the period from 1 March 1993
to 29 February 1996. The annual EMP reports submitted to the State have been made
available to the public since 1991.

The Waste Management Programme is required under the Code of Practice on the
Management of Radioactive Wastes from the Mining and Milling of Radioactive Ores 1982
(AGPS 1982). The Code of Practice also addresses control of radiation exposure and dose
assessment for members of the public.

2.5.3 Current management programme

In 1995 discussions took place between WMC and the State Government regarding
replacement of the then current EMP and the Waste Management Programme system with a
consolidated and updated Environmental Management and Monitoring Plan (EMMP).

The EMMP covers the period 1 March 1996 to 28 February 1999. The relevant documents
are the EMMP (WMC—Olympic Dam Corporation 1996a), and a justification document
(WMC—Olympic Dam Corporation 1996b). The aims of the EMMP are to:

» establish a single coordinated management system that ensures environment and
radiation impacts are minimised;

» establish and maintain audit systems on management and monitoring systems;

» establish and maintain monitoring programmes to determine the impact of the operation,
including operational emissions, on the surrounding environments;
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+ determine the radiation doses received by specific members of the public groups from the
operation;

* identify, assess and reduce the potential for possible environmental emergencies and
worst case situations;

« describe reporting systems and systems for consultation with government;

¢« comply with the WMC Environment Policy and the Olympic Dam Statement of
Environmental Commitment (Appendix A).

It is also intended to develop environmental management systems consistent with
certification to the standards in the ISO 14000 series for environmental management at the
operations. The EMMP is described in greater detail in Chapter 15.

Reports on the EMMP will continue to be made to the State quarterly and annually, as
described in Section 2.5.1. The annual EMMP and environmental monitoring reports will
continue to be available to the public. Brochures are also issued annually summarising the
occupational and environmental radiation monitoring results.

2.5.4 Rehabilitation
The objectives of the disturbed land rehabilitation programme are to:

« rehabilitate areas disturbed by operation-related activities once they are no longer
required for operational activities;

« monitor the effectiveness of the rehabilitation programme.

Rehabilitation undertaken on the site uses both passive and active methods. Passive methods
are used in small areas of disturbance, where nearby plants provide some shelter and seed
for the area being rehabilitated. Active methods are used where the rehabilitation area is
quite large and needs to have an additional source of seed and, in some cases, protection
from wind erosion.

Disturbed sites throughout the operations area that require rehabilitation in the short term
include drill pads, roadways, access tracks, embankments, quarries, borrow pits, the tailings
retention system walls, and other areas where vegetation has been removed and which are
not being, or expected to be, used further for operational activities.

Rehabilitation criteria are established in the EMMP. This states that rehabilitation is deemed
to be complete when 80% of the total cover of perennials calculated from control sites in the
relevant association is achieved. Rehabilitation sites to be deemed complete must also have
80% of the cover provided by the dominant perennial species surrounding the disturbed area
in the equivalent landform type. When criteria are met the sites are removed from the annual
rehabilitation monitoring programme. However, a subset of rehabilitated sites is monitored
every three years to ensure that the vegetation does not regress to a more disturbed state.

Although the rehabilitation monitoring programme was designed to monitor the progress of
drill pads and other small areas, it can be applied to larger rehabilitation areas by using
multiple monitoring points within the single area. The rehabilitation programme is described
in greater detail in Chapter 14.

2.5.5 Consultation programme

WMC recognises that a general framework for consultation with all community groups is
essential. The objectives of the community consultation programme undertaken by WMC
are to:

« maintain and improve the relationship WMC has with the Roxby Downs and Olympic
Dam Village communities, local pastoralists, Aboriginal groups and other community groups;
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« ensure that all local groups potentially affected by the operation’s activities have been
adequately consulted.

WMC believes that consultation maximises the information available to the community and
the company prior to a decision-making phase, thereby ensuring that decisions affecting
different groups are based on the maximum available information. The resultant activities
will, therefore, minimise any adverse impact on third-party interests. WMC recognises that
there are some groups of people that require specific mechanisms for consultation. These
include Aboriginal groups, pastoralists and local community members.

Any work that is to occur on adjacent pastoral properties is brought to the attention of the
relevant pastoralists by way of written communication and direct discussion. All local
pastoralists regularly receive copies of the divisional bulletin, which provides updates on
development, construction and other activities. Pastoralists are periodically invited to the site
for an operations update involving site tours and formal presentations. Contact with
pastoralists is frequent and relatively informal, with environmental personnel and project-
specific personnel being involved.

The Roxby Downs Advisory Committee was formed as a mechanism for consultation
between the community, the town administrator and WMC. However, it is understood that
the committee has not met since early 1996. Wider community issues were raised at these
meetings, including development and environmental issues. On an individual level,
members of WMC'’s Radiation, Environment, Safety and Quality Department are actively
involved in local community groups, such as the Tidy Towns Committee. When larger issues
arise, town meetings are organised to give community members the opportunity to
understand and discuss these issues.

Significant developments undergo public review by way of publication of environmental
management documents for the development (e.g. the EIS). Recently the Borefield B
Supplementary Environmental Study (Kinhill Engineers 1995) and the Environmental Review
(WMC—Olympic Dam Corporation 1995) were made available for public review.

Professionals employed at the operations regularly publish technical papers, which undergo
peer review, and attendance at relevant conferences is supported. This process allows for
feedback to the operation from peers in other communities.

A Public Affairs Adviser and a Community Relations Officer are based in Adelaide and report
to the Manager, Corporate Affairs. The Public Affairs Adviser works closely with the
Radiation, Environment, Safety and Quality Department at Olympic Dam in providing
information to the wider community. The Community Relations Officer consults frequently
in the Olympic Dam region with Aboriginal, pastoral and other communities.

Further community consultation is proposed as part of an extension of new arrangements for
meetings of the Olympic Dam Environment Consultative Committee comprising
representatives of WMC and the Commonwealth and State governments.

2.5.6 Aboriginal heritage

WMC continues to monitor and manage those ethnographic and archaeological sites
specified in the 1983 EIS, in accordance with the recommendations in those reports and in
Hiscock (1985), and sites identified in subsequent heritage surveys.

Consultation has been, and continues to be, undertaken with all Aboriginal groups with a
recognised interest in areas affected by the operations in accordance with the WMC
Indigenous Peoples Policy (contained in Appendix A). Specific issues relating to Aboriginal
heritage are considered in Chapter 6.



2.5.7 Management systems during construction activities

The management systems implemented during construction activities at WMC, as agreed
with government, are described in the EMMP. In particular, the EMMP describes the issue of
an environmental and workplace design criteria document for any new development or
activity. The EMMP also provides that before any undisturbed land is used, an Environmental
Clearance must be obtained from the Environment Superintendent.

2.6 OCCUPATIONAL HEALTH AND SAFETY

2.6.1 Management of exposure to radiation

The mining and processing of ore that contains uranium and its decay products (as shown in
Figure 2.17) may result in release of radionuclides to the environment. The major release
paths into the environment for these radionuclides are through mine ventilation shafts, dust
lift-off from stockpiles and process materials movement systems, stack emissions, and dust
lift-off from the tailings retention system.

The radionuclides released are those in the uranium decay series (Figure 2.17). Radon-222 (**’Rn)
is a gas that occurs naturally in the atmosphere. This natural global occurrence of 22?Rn
results in measurable activities of 222Rn and its decay products 2'°Pb and 2'%Po in the region.
As the other radionuclides in the 2*U decay chain are also naturally occurring there is also
a background activity caused by these radionuclides. The airborne activities of 2*8U, 23%Th
and 22°Ra, however, are considerably lower than those from ???Rn and decay products '°Pb
and *1%Po.

Owing to the natural occurrence of these radionuclides, WMC measures the radiation in the
operational areas as well as in control areas. This enables an assessment of the operationally
elevated radiation in the environment surrounding the operation to be made by subtracting
the naturally occurring radiation measured at control sites. Radiation measurements are
made from sampling or measuring activities in pathway materials to biological groups.

The operations at WMC are undertaken in accordance with an environmental radiation
management programme, which has the following objectives:

» minimise the emission of radioactive materials to the atmosphere and local environment
by implementing sound engineering and management principles;

« monitor any elevated levels of radiation in the environment surrounding the operation;

» minimise and assess the radiation exposure of critical groups, as defined in relevant codes
(discussed in Chapter 10).

There are two primary objectives to the environmental radiation monitoring programmes

undertaken at the operations. These are to:

* provide information for critical group dose assessment;

* monitor the effectiveness of operational control mechanisms.

The monitoring programmes required to fulfil these objectives are complementary.

The principal control techniques used to limit exposure of the public to elevated levels of
radioactive materials from the operation are as follows:

» Access to supervised areas around the metallurgical plant and surface facilities associated
with the underground mine is controlled. Control measures include a perimeter fence
approximately 2.3m high with public access through two security gatehouses only, and
signs on the entrance and boundaries of supervised areas, with access to authorised
persons only.

O Lt Y mMm P I C D A M E X P A N § I O N P R O ) E C T £ I 5

23



231

» The buffer zone established around the operational areas by the Special Mining Lease
boundary excludes grazing and residential development.

» There is a formal review mechanism of all new plant and equipment which ensures that
occupational health and safety, and environmental and environmental radiation issues are
addressed in the design stage.

« Use is made of pollution control mechanisms, including stack scrubbing equipment,
which are constantly operated and monitored. This equipment undergoes preventive
maintenance programmes and any failure is addressed immediately.

» No equipment is permitted to leave the site without a formal radioactive contamination
check and cleaning, if necessary.

» The siting of the Olympic Dam Village and Roxby Downs township some 5 km and 14 km
south respectively of the operational areas maintains a significant distance between the
residential areas and the operation.

Since commencement of operations at Olympic Dam, radiation exposures to employees,
members of the public and the environment have been maintained well within all statutory
limits and international guidelines. A summary of these results is published annually in an
information brochure, and detailed results are provided to government. All commitments
made in the 1983 EIS relating to occupational and environmental radiation have been
complied with. Radiation issues are discussed further in Chapter 10.

2.6.2 Health and safety

Formal programmes are implemented to continually improve the safety of the workplace
provided to employees and contractors. As is common industry practice, the effectiveness of
these programmes is monitored by the collection of statistics on the frequency rates per
million hours worked of lost time and medically treated injuries. Table 2.2 shows that there
has been a significant improvement in employee safety, as measured by these statistics, over
the last two financial years. These improvements are in keeping with improvements in the
overall WMC Group.

Improvements in the safety of the operations have followed a strong emphasis by
management on safety awareness. This emphasis continues in site safety programmes based
on WMC's safety and health objectives, involving:

» strengthening the implementation of safety and health systems;

+ increasing the line management and workforce involvement in safety and health
improvement;

+ development and implementation of comprehensive safety and health systems auditing;
+ defining and holding line management accountable for effectiveness of safety and health

systems.

Table 2.2 Frequency of injuries at Olympic Dam operations
(per million hours worked)

Lost time injury Medically treated
frequency rate injury frequency rate
Financial year - I
Olympic WMC Olympic WMC
Dam Group Dam Group
1994-95 7.5 10.9 104.9 454

1995-96 6.3 10.6 439 27.7

Source: WMC Limited 1996.




2.7 TOWNSHIP AND VILLAGE

2.7.1 Roxby Downs township

The township of Roxby Downs (Figure 2.20) was established in 1988 to accommodate the
plant workforce and associated government and service industry workers. At present the
population of the town is about 2,500, and the Olympic Dam Village houses approximately
200 additional personnel.

The township currently contains some 700 houses and flats as well as a caravan park. A
further 101 residential lots have recently been developed to meet current demand. The
single persons’ quarters, located in the township, provide accommodation in the form of 335
single-room units.

The town is served by a range of recreational facilities including:
* a swimming pool
* a multi-purpose indoor recreation complex

* four combined tennis and netball courts
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« a main oval and adjacent grassed area

* aschool oval

« various playgrounds

« a bowling green

* a golf course.

Separate areas outside the town have been developed for other activities, including motor
sports and a horse riding/pony club.

Roxby Downs is also served by the following government non-recreational facilities:

« area school

* TAFE college

o library

« police station

« government office complex and medical centre

» day care and child minding centre

» town hall.

The township has been developed in accordance with the parameters set out in the
Indenture, which specifies the relative responsibilities of the State Government and WMC.

The majority of housing in Roxby Downs has been provided by WMC, the remainder being
provided by private and government developers. Much of WMC-provided housing is being
purchased through the company’s home purchase scheme, which is currently under review.

The municipal authority currently operates at a deficit, which is shared by the State
Government and WMC. The only significant deficiency in the existing public infrastructure
is the lack of a comprehensive medical facility. At the time of writing this EIS, the State
Government was in the process of commissioning construction of a medical facility. The
medical facility is expected to be opened in early 1998.

Generally, the township of Roxby Downs is in a very positive stage of community
development, with a high level of involvement in community activities, especially sporting
and recreational activities, and voluntary efforts to develop or enhance facilities. Social issues
at Roxby Downs are discussed in Chapter 12. Turnover rates of staff at the operations are
relatively low, and there is a low rate of industrial disputation.

2.7.2 Olympic Dam Village

The Olympic Dam Village is located approximately 5 km south of the process plant and
9 km north of the Roxby Downs township. Olympic Dam Village comprises:

¢ Construction Camp 1
* Construction Camp 2
¢ industrial area

* caravan park

e airport.



The Olympic Dam camps are used intermittently to accommodate construction personnel

working at Olympic Dam operations.

Recreational facilities provided at the camps include:

e swimming pool
e squash courts
* tennis courts

e mess facilities.

The Olympic Dam Village facilities are to undergo significant refurbishment and
improvement for the Expansion Project. This is described in greater detail in Section 11.7.
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DESCRIPTION OF THE
EXPANSION PROJECT

C H APTER

This chapter describes the proposed expansion of Olympic Dam to an initial nominal production rate of

200,000 t/a copper, and possible later expansion to 350,000 t/a copper. The mining methodology and

metallurgical operations are described, as well as the associated infrastructure facilities.

Mine

ventilation, the control and management of effluents, emissions and wastes are also discussed. Other
topics covered are materials handling and transport, the possible importation of concentrates, the use
of other copper ore, the construction phase, and the various mining and processing alternatives that

have been considered.

3.1 PROJECT SCOPE

The Olympic Dam Expansion Project would be developed in two phases. The first phase
would be expansion from the current production rate of 85,000 t/a of refined copper to the
approved capacity of 150,000 t/a by the year 1999, with a nominal production rate of 200,000 t/a
to be achieved by the year 2000. The possible future second phase would be further
expansion to a total production capacity of 350,000 t/a in the longer term.

The size and timing of the possible future expansion to 350,000 t/a of refined copper would
be dependent on a number of factors including product prices, operating costs and changes
in processing technology. No formal decision on the possible future expansion to 350,000 t/a
copper has been taken by the WMC Board at this time. However, in this EIS it has been
assumed for water abstraction and economic modelling purposes that this production rate
would be achieved by the year 2010.

Both phases of the expansion—200,000 t/a and the possible future 350,000 t/a of copper—
are based on the processing plant feedstock being supplied exclusively by the mine.
However, there may be times when ore from mine production may be supplemented by ore
imported from other mines in South Australia, or by copper concentrates imported from other
mines in Australia or overseas.

The use of imported copper concentrate or ore would be largely determined by economics
and the availability of surplus capacity in the metallurgical plant. It is not proposed to import
and treat ores or concentrates for the recovery of uranium.

3.2 GEOLOGY

The Olympic Dam deposit, which includes economic quantities of copper, uranium, gold
and silver, is a syngenetic orebody hosted by a high-level hydrothermal breccia complex
(Western Mining Corporation 1993). Since the commencement of mining operations at
Olympic Dam, the predicted geology of the orebody has been more precisely defined. The
following sections consider the revised geological model of the ore deposit, and discuss both
the regional geology and the geology of the deposit.

3.2.1 Regional geology

The Olympic Dam deposit is located in the Stuart Shelf geological province, which is located
to the west of Lake Torrens (Figure 3.1). In this province, incomplete sequences of flat-lying,
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undeformed Proterozoic and Palaeozoic (Cambrian) marine sediments related to the
Adelaide Geosyncline unconformably overlie the north-eastern part of the Precambrian
Gawler Craton (Western Mining Corporation 1993).

The north—south trending Torrens Hinge Zone forms the eastern and north-eastern boundary
of both the Stuart Shelf and the Gawler Craton. To the east of the Torrens Hinge Zone lies
the Adelaide Geosyncline where the sedimentary sequence is substantially thicker and
variably deformed. The northern extension of the shelf is overlain by Late Palaeozoic and
Mesozoic sediments of the Arckaringa and Great Artesian basins. Figure 3.2 is a cross-
section through the northern Stuart Shelf showing the sedimentary sequences in the Olympic
Dam area.

3.2.2 Geology of the deposit

The stratigraphy, structure and mineralisation of the Olympic Dam deposit are described below.

Stratigraphy

The Olympic Dam deposit lies beneath approximately 350 m of barren, flat-lying
sedimentary rocks. The deposit is hosted by the haematite-rich Olympic Dam Breccia
Complex which occurs entirely within Roxby Downs Granite. The Roxby Downs Granite is
a pink to red syeno-granite that rises to a peak, the apex of which is centred on the haematite-
rich core of the Olympic Dam Breccia Complex.

This complex is an extensive breccia system containing a wide variety of hydrothermal,
pyroclastic, cataclastic and epiclastic breccia types (Figure 3.3). The core of the complex
comprises barren quartz—haematite breccias, with localised dyke swarms and diatreme
systems. The quartz—haematite core is flanked to the west and east by a broad zone
containing abundant haematite-rich breccias intermingled with altered granite breccias. The
known copper—uranium mineralisation occurs within these zones.

Individual breccia zones are typically tabular to lenticular in shape and are elongate in a
west-north-west or north-west orientation (Western Mining Corporation 1993). In total,
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haematite-rich breccia bodies occupy an area of approximately 3 x 3.5 km. Depths to the
basement increase to 500 m within several kilometres of the site, and to greater than 1,000 m
at other, more distant, localities. The contact between the basement and the overlying cover
sediments is nearly flat-lying with gentle undulations.

Structure

The early WMC geological models interpreted the Olympic Dam deposit as being a large,
fault-bounded, sediment-filled trough, or graben structure, and considered that
mineralisation occurred as strata-bound and transgressive bodies within this structure. The
model has evolved into one that now views the deposit as a large diatreme that probably
vented at the surface, resulting in the deposit’s steep orientation.

Mineralisation
Mineralisation of the deposit can be broadly categorised as follows:

« copper-uranium (with some gold and silver) ore: This ore comprises most of the resource,
and is primarily contained within haematitic breccias;

» gold ore: This ore type generally occurs as small zones hosted by either granite-rich or
haematite-rich breccias. There are some rare, but significant, extremely high-grade
concentrations of free gold, especially around the margins of the quartz—haematite core.

The principal copper—uranium mineralisation is generally confined to individual elongate
haematite-rich breccia zones. The deposit consists of a large number of individual ore zones
distributed throughout the breccia complex. Copper mineralisation typically consists of fine
to medium-grained disseminated sulphides. The principal copper sulphides are chalcopyrite,
bornite and chalcocite. Zonation of the mineralisation also occurs, ranging from the rare but
significant native copper to chalcocite, bornite, chalcopyrite and pyrite at depth.

Uranium mineralisation is broadly associated with copper mineralisation. Most of the uranium
within the deposit occurs as pitchblende, with minor amounts of coffinite and brannerite.




The creation of the breccia complex at Olympic Dam appears to have been driven by
magmatic and seismic hydrothermal activity.  Faulting, brecciation, alteration, dyke
injection, diatreme formation and mineralisation were independent and multiphase.
Brecciation occurred within a near-surface eruptive volcanic event owing to superheating of
surface and subsurface water. Mineral compositions, ore textures and thermodynamic data
suggest that fluids ascending from depth and descending (near-surface) fluids have been
integral to the mechanics of mineral precipitation (Western Mining Corporation 1996).

Economically viable mineralisation occurs almost entirely within, but is not confined to, the
Olympic Dam Breccia Complex haematitic hydrothermal breccias. The reserves of the two
ore types are presented in Table 1.1,

3.3 MINING

This section describes the proposed changes to the mining operation that are necessary to
achieve the expanded production targets. The most significant of these are the construction
of a new vertical haulage shait and the replacement of diesel trucks by automated electric
rail for haulage underground.

3.3.1 Resources and ore reserves

The early inferred resource estimate in 1982 was recalculated by WMC in 1993 following
significant changes in the geological understanding and modelling of the Olympic Dam
deposit. Categories of inferred and indicated resource and probable and proven reserve
formed the bases of the calculations, the results complying fully with the Australian Code for
Reporting of Identified Mineral Resources and Ore Reserves issued by the Joint Ore Reserves
Committee of the Australasian Institute of Mining and Metallurgy, the Australian Institute of
Geoscientists and the Minerals Council of Australia (Joint Ore Reserves Committee 1996).
The outline of the inferred resource is shown in Figure 3.4,
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The procedures used to estimate stope reserves for preparation of the production schedule at
Olympic Dam involve an assumption of 8% dilution for new stope design. Dilution relates
to the amount of waste rock that unavoidably contaminates the ore. An extraction factor of
95% is currently applied to all stopes. This has been increased to 99% for future extraction
following reconciliations of production statistics from completed stopes.

The mine schedule is based on the extraction of ‘proved plus probable reserves’ of
copper-uranium ore, modified from earlier figures to allow for ore mined to date, changed
loss and dilution parameters as given above, and a changed cut-off grade. The amounts of
copper—uranium ore in each category as at 30 June 1996 are shown in Table 3.1. The gold
ore reserves (totalling 300,000 t) are listed in Table 1.1.

Table 3.1 Mineable copper-uranium ore reserves at 30 June 1996

- Tonnes Copper Urzu"m.lm Gold Silver

Ore category of ore (%) oxide &) ()
('000s) " (kg/t)

Proved 73,000 2.5 0.8 0.5 43

Probable 496,000 2.0 0.6 0.7 5.0

TOTAL 569,000 2.0 0.6 0.7 4.9

The copper grades of the ore available for mining decrease with time. In order to maintain
refined copper production at 200,000 t/a, it would be necessary to mine higher tonnages of
ore in some years. This is further discussed in Section 3.3.4.

3.3.2 Grade control

A coarse ore blending stockpile would be installed on the surface to achieve a more
consistent ore grade at the metallurgical plant. Currently, ore is extracted from stopes
underground in a manner intended to provide an even grade of ore on a daily basis.
However, this is often difficult to achieve because the grades within stopes vary widely, and
the logical mining sequence does not always provide the required average grades.

The surface blending stockpile would allow mining to proceed in the most efficient manner,
maximising the use of mining equipment and minimising the waste incurred by frequent
changes of extraction location. It would also permit optimum recovery of metal from ore in
the processing plant by minimising grade variations.

3.3.3 Geotechnical review

Stability of the mine workings is critical to the success of the project. A review of past
geotechnical work has been conducted, and the most significant finding is that in situ
maximum principal stresses may approach 30-50% of the intact rock strength in the vicinity
of the extraction and haulage levels. At these stress levels, problems such as stress-induced
spalling and rock bursts could be expected.

Ore passes and intake shafts would be located in such a way as to minimise the induced
stresses and their effects. This procedure would place the ore passes in relatively unstressed
ground. It is also planned to increase the level of rock mechanics monitoring and
investigation activities in order to obtain a better knowledge of rock fabric parameters and in
situ stresses, as well as gauge any implications for safety management.

3.3.4 Ore production schedule

The ore production schedule is driven by the objective of achieving a sustained production
rate of 200,000 t/a refined copper metal in the first phase of the expansion, at a copper to



sulphur ratio that would provide the most effective operation of the smelter. This would
necessitate mining between 8.7 Mt/a and 9.2 Mt/a depending on the grade of ore processed.

The proposed production schedule for the fifteen years from 1996-97 is shown in Table 3.2.
It should be noted that WMC is implementing an accelerated construction and mine
development programme, which is expected to shorten the time to achieve a production rate
of 9.0 Mt/a ore.

Table 3.2 Production schedule from 1996-97

polors Cop VT God s S
("000s 1) (kg/t) ("000s t)

1 1996-97 3,197 296 0.87 0.43 5.88 88

2 1997-98 3,336 283 0.74 0.46 5.68 88

3 1998-99 5,041 2.56 0.77 0.46 5.16 120

4 1999-00 8,028 2.46 0.71 0.44 4.76 185

5 2000-01 8,712 2.56 0.74 0.42 4.33 209

6 2001-02 9,012 2.45 0.69 0.42 3.91 207
2002-03 9,171 2.36 0.77 0.41 3.69 202

8 2003-04 9,015 2.43 0.73 0.38 3.53 205

9 2004-05 9,182 2.35 0.69 0.37 3.51 202

10 2005-06 9,234 2.35 0.71 0.41 3.80 203

I 2006-07 9,199 2.38 0.72 0.41 4.65 205

12 2007-08 9,115 2.39 0.72 0.42 4.81 204

13 2008-09 9,227 2.43 0.72 (.39 4.94 210

14 2009-10 9,090 243 0.71 0.41 529 207

1 Excludes copper from imported concentrate.

In order to achieve the planned mining rate of 8.7 Mt/a by 2000-01, it would be necessary
to develop approximately 28 km/a of underground openings during the three-year mine
expansion programme. This figure is expected to increase for the accelerated mine
development programme. After this initial period, the development requirement would be
approximately 17 km/a.

During the expansion period, the additional ore made available by the development of these
underground openings would bring the total production to levels above the capacity of the
processing plant. Because the grade of the ore won from development would be lower and
more variable than that of the material extracted from the stopes, stope production would be
maintained, with excess ore being stockpiled on the surface until treatment capacity was
available.

Given the high variability of the grade within stopes, a large number of stopes must be in
production at any one time to achieve an overall ore grade as consistent as possible. The
schedule calls for at least thirty stopes to be operated in any year when production reaches
a nominal 9.0 Mt/a. The number of stopes in operation at any one time would vary from an
average of thirteen to about twenty-three.

3.3.5 Access

As noted in Section 2.1, access to the mine from the surface is currently provided by the
Whenan and Robinson shafts and a service decline. In addition, there are eighteen
ventilation shafts.

The service decline extends to 420 m below the surface. It was constructed principally to
facilitate movement of mobile equipment and other large pieces of machinery into and out
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of the mine, but is also used for transporting people and supplies, and occasionally for
hauling development ore and mullock.

The Whenan Shatft is a vertical, six-compartment, rectangular shaft, 6.3 m by 3.5 m and 500 m
deep. It is currently being used for hoisting ore and for transporting personnel into and oul
of the mine. There are no plans to augment the capacity of the Whenan Shaft.

The Robinson Shaft is a vertical concrete-lined shaft 5.3 m in diameter and 580 m deep, used
mainly for hoisting mullock. The hoisting capacity and utilisation of the Robinson Shaft have
heen enhanced recently by installing a crusher station and upgrading the winder capacity
to 400 t/h.

In the proposed expansion, the main ore haulage level would be established at RL -640 m
AHD (Australian Height Datum), which is approximately 740 m below ground level. A new
shaft, referred to as No. 3 shaft, would be sunk from the surface to minimise interference with
other underground operations. Underground development associated with the No. 3 shaft
would include a new crusher station and ore handling system. These areas would be
accessed from the service decline, which would extend to the bottom of No. 3 shaft.

No. 3 shaft would be 7 m in diameter, concrete lined, and equipped with an automated
winder and 35 t capacity skips. This new shaft would be designed specifically for ore
hoisting and would not, as a general rule, be used for transport of personnel. However, it
would provide another ventilation pathway and could also be used for emergency egress.

3.3.6  Mining method

Although consideration was given to other mining methods, the current method of sublevel
open stoping has proven to be very effective, and there are, at this stage, no plans to make
any significant changes. Among the alternative mining methods considered were vertical
crater retreat and sublevel caving, which are discussed in Section 3.12.

The current mining method is described in Section 2.1 and illustrated in Figure 2.2. In the
expanded operation, the full depth of the ore zone would be extracted in one vertical pass.
Drill drives would be excavated at 60 m intervals in new areas, compared with the current
40 m intervals.

The size of the sublevel open stopes would range from 300,000 t to 600,000 t. As a general
rule, no more than 50,000 t/month would be mined from any one stope.
3.3.7 Mine materials handling and hoisting

The key to successful expansion to a nominal 9 Mt/a would be the installation of an effective
and efficient materials handling and rock hoisting system, comprising the following:

« the transport of ore from stopes and mullock from development headings to loading areas
underground;

« the reduction in the size of rock on the grizzlies to facilitate subsequent handling;
« the crushing of rock to facilitate hoisting it to the surface;
» the transport of ore and waste from underground to the surface;

« the movement of personnel and materials to and from the surface.

Figure 3.5 provides a schematic diagram of the proposed ore handling system.

Ore from stopes would be carried from the drawpoints on the extraction levels to ore passes
by load-haul-dump units. The ore passes would be fitted with grizzlies, and mobile
rockbreakers would be used to break oversized rock. Ore passes would be located within
each stoping area.
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From the ore passes, ore would be remotely loaded on to one or two automated electric
trains and transported to the dump station above the crusher. The ore would be reduced in
size by a gyratory crusher and transferred to one of two crushed ore storage bins excavated
out of the rock. Ore would then be transported by belt conveyor to the No. 3 shaft, where
it would be loaded into skips for hoisting to the surface. At the surface, the ore would be
discharged into a 120 t bin and then fed by a vibrating feeder to an overland conveyor
leading to the mill stockpile.

Development mullock would either be trucked to the Robinson Shaft or dumped in empty
stopes where no further adjacent mining is to occur. During the mine expansion phase, any
excess mullock not able to be hoisted or dumped in empty stopes would be trucked up the
service decline to the surface. The Whenan Shaft would be used as a supplementary ore
hoist, and for personnel and materials transport.

Extraction level operations

Twenty new grizzlies would be constructed at various locations throughout the extraction
levels. These grizzlies would feed a system of primary ore passes, each 3 m in diameter. In
order to control dust and air flow, each grizzly would be equipped with a door, which would
be closed when the grizzly was not in use.

Load-haul-dump vehicles or dump trucks would carry run-of-mine ore from the nearby
drawpoints to the grizzlies. Oversized rock would be broken on the grizzlies by one of two
roving mobile rockbreakers. All passes would deliver ore to the train loading stations on the
main ore haulage level at RL -640 m AHD.

Rail loading and haulage

Ore would gravitate from the extraction level grizzlies down a series of ore passes to nine
train loading stations, located in chambers mined at the bottom of each of the primary ore
passes on the main ore haulage level at RL 640 m AHD. The layout of the rail haulage level
is shown in Figure 3.6.

FIGURE 3.6
RAIL HAULAGE LEVEL
(RL-640 m AHD)




Trains would be loaded through in-line drop chutes of a type commonly used in mining
operations. These allow ore to be drawn from the ore passes and fed into the train ore cars
in a controlled manner. {Level controls in the ore pass above each train loader would prevent
the ore pass from emptying completely, thereby avoiding damage to the equipment below
from falling rock.

Two trains would be used to haul ore from the north and south sections of the mine to the
primary crusher adjacent to the No. 3 shaft. As the trains moved through the dump station,
the bottom-dump rail cars would discharge their load into a coarse ore bin of 800 t capacity
located over the crusher station. Fach train would consist of two 28 t electric locomotives
and twenty-two 20 t bottom-dump wagons.

The use of electric trains would have a significant beneficial effect on ventilation and cooling
requirements. The train haulage system would be automated and controlled from a central
control room.

Crushing station

The ore would be crushed underground to provide material of a suitable size for hoisting and
feeding to the autogenous mills in the processing plant.

The crushing station has been designed to accept material that has passed through the
extraction level grizzlies, although occasional breaking of oversize rocks in the crusher by
one of the mobile rockbreakers may be necessary. Allowance has been made for the future
installation of a fixed rockbreaker at the crusher, if warranted. The crusher would be a
gyratory unit capable of accepting a feed size of up to 1,100 mm, and would crush to a
nominal size of 150 mm. The peak capacity of the crusher would be 2,200 t/h, which is
adequate to handle peaks in delivery from train haulage.

A fully reinforced concrete crusher substructure would be provided, complete with clear
access, laydown areas, maintenance areas and overhead cranes. Water sprays would be
used to suppress dust generated in the crusher feed area, and an extraction system would
control dust emissions from beneath the crushing chamber.

Ore from the crusher would fall on to an apron feeder, which would transfer the ore to
conveyors for transport to a fine ore bin located below and to one side of the crusher station.
A self-cleaning magnet positioned over the head end of the transfer conveyor would remove
steel material. The fine ore bin would have a capacity of 3,750 t, equivalent to three hours’
hoisting. An ultrasonic level detector would prevent both overfilling and complete emptying
of the bin.

Loading and hoisting

The loading station would deliver ore to the No. 3 shaft hoisting system at a design capacity
of 1,250 t/h. The loading station would consist of a twin feeder/conveyor arrangement
delivering directly into 35 t capacity weigh flasks, from which the ore would be discharged
into 35 t capacity skips for hauling to the surface. The loading station would be fully
automatic in operation. The hoisting system would use a ground-mounted, four-cable
friction winder.

3.3.8 Ventilation

The primary purposes of a ventilation system are to remove diesel fumes, heat, dust and
radiation products. The ventilation system for the proposed expansion would be similar to
that currently in use. Ventilation shafts would be installed as the underground workings were
expanded, and the service decline and the three shafts would act as air inlets to the mine.
Figure 2.2 shows the current ventilation arrangements adjacent to the Whenan Shaft.
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Air would be drawn through the mine by fans fitted to some of the ventilation shafts.
Volumetric air flows would be calculated to ensure conformity with health and safety
requirements, as is the current practice. Fans and ventilation tubing would be used in
development headings to complement the primary ventilation system.

Design criteria

The design of the ventilation system must take into account the following factors:
» the presence of radon emitting material

« high virgin rock temperatures

« high ambient air temperatures

* a high degree of mechanisation,

The following criteria are, and would continue to be, used for design of the ventilation
system:

« minimum air velocity in transport and personnel access roadways—0.5 m/s

e minimum air velocity in haulage routes—1 m/s

* minimum air velocity in development ends—0.5 m/s

« minimum volume of air provided to development faces—25 m’/s

« maximum air velocity in intake airways where employees travel—6 m/s

« maximum air velocity in service shafts—10 m/s

« maximum air velocity in shafts with rope guided skips—10 m/s

« maximum air residence time after contact with ore and before reaching exhaust airway—
15 min.

e minimum air cooling power—135 W/m?

« total volume of air passing through mine per million tonnes per year—300 m?/s.

These criteria are based on the requirements to provide sufficient air to dilute the
concentrations of fumes and radiation products to acceptable levels and then remove them
from the mine, and to remove the heat emanating from the rock and from other sources to
maintain working temperatures at acceptable levels. The ventilation system is also used to
remove dust directly from dust generating areas such as ore passes. Air cooling power (W/m?)
is a function of temperature and humidity.

Primary ventilation system

The primary ventilation system for the expansion would involve a series of exhaust shafts
fitted with fans drawing air out of the mine, as is used in the existing mine. Currently, air is
drawn into the mine through the service and haulage shafts, the decline and some of the
intake shafts. Its passage through the mine is determined by the location of these shafts, and
the flow is controlled as necessary by adding or removing fans, by changing the direction of
flow, and by using regulators in the workings.

In the proposed expansion, the Whenan Shaft, the service decline, the Robinson Shaft and
the new No. 3 shaft would be maintained as air intakes. Approximately one new ventilation
shaft would be required each year. Detailed network simulation of the ventilation system
would be undertaken on an ongoing basis when development layouts and specific
ventilation requirements for each area are defined more precisely, as is current practice. The
main purpose of such an analysis is to determine fan pressure requirements.



The ventilation system design for the proposed expansion is based on the use of 4.5 m,
5.0 m and 6.0 m diameter ventilation shafts, with ventilation rates of 290 m?/s, 350 m?/s and
500 m'/s respectively at an air velocity of 18 m/s. Production scheduling is based on
sublevel open stopes within designated mine areas with a length along the orebody of about
500 m. In most of these areas, it is proposed to install a series of intake shafts on one side of
the ore zone (with an access ramp), and a series of exhaust shafts on the opposite side. This
guideline has been varied in areas where the access is centrally located.

All fans would be centrifugal fans because of their ability to withstand the difficulties caused
by moist, salt-laden air. Salt build-up remains a problem on ductwork and fan impellers.
Despite the increase in mine air flow and the construction of larger diameter shafts, the more
efficient axial flow fans have not been considered because of the difficulty in maintaining
impeller balance.

Approximately ten ore passes would deliver ore from production levels to the haulage level.
Dust can be generated as the ore enters, passes through and leaves the ore pass. In addition
to using water suppression sprays to reduce dust generation, the design developed for the
expanded operation makes allowance for an exhaust ventilation shaft adjacent to every one
or two ore passes. Each ventilation shaft would be operated under forced ventilation to
capture fugitive dust as closely as possible to its source and exhaust it on one of the stoping
levels away from the main access.

At the conclusion of stoping in any mine area, the area would be maintained under negative
pressure to allow a nominal air flow to leak into and through it to prevent the build-up of
racdiation decay products.

Secondary ventilation system

In order to achieve and maintain the proposed level of production, it would be necessary to
develop some 28 km/a of underground openings up to years 2000-01, although this could
increase for the accelerated mine development programme described in Section 3.3.4. After
this initial period, the development requirement would be about 17 km/a.

Nearly all of these openings would be developed as ‘dead ends’, which would require forced
ventilation to remove blasting fumes and dust, diesel fumes, radiation products and heat from
the rock and from machinery. For ventilation of development headings, an air volume of
25 m?/s per heading has been allocated based on operational experience of the existing
mine, with up to four headings in each mine area.

The most common system of secondary ventilation in mines involves using a fan to force air
from a primarily ventilated area through a rigid or flexible tube to the area requiring
ventilation. This is the system currently in use and proposed for all future operations.

Spot coolers may be used to reduce temperatures in areas where people are working and
where ventilation air rates are inadequate to provide acceptable working temperatures. The
increased depth of operations proposed would mean a significant increase in virgin rock
temperature, which is expected to be about 50°C at the RL -580 m AHD extraction level.

Cooling would be provided as necessary in development areas via movable skid-mounted
air-cooled water chillers installed in suitable excavations well away from the working face.
Chilled water would be pumped in flexible hoses from each chiller to a bulk air cooler
located at the intake to the fan ventilating the heading. The chilled water cools the air as it
enters the fan, and is then recirculated back to the chiller. The hot air from the chiller would
be exhausted to the surface.

3.3.9 Backfill operations

After all of the ore has been extracted from a stope, it is backfilled with rock or other suitable
material. The fill provides support for mined-out areas and allows total extraction of wide
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orebodies that cannot be mined as a single stable stope. Emptied stopes are filled with either
development mullock or cemented aggregate fill (CAF), as described in Section 2.1.

The proposed backfill system is designed to maximise the use of deslimed mill tailings, which
otherwise would have to be disposed of on the surface. The amount of mill tailings able to
be returned to the mine is limited by the strength requirements of the CAF, as only the
coarsest material can be used. The achievable utilisation figure has been found to be
approximately 20%, and this figure has been used in development planning. The proposed
backfill system is similar to that currently in use, and would consist of:

« mullock from development headings placed by load-haul-dump units directly into empty
stopes;

« asurface quarry to provide rock to supplement the supply of mullock from years 2001-02
to 2010-11 and a crushing and screening plant for sizing rock from the quarry;

» mullock storage bins located at Robinson Shaft and Whenan Shaft, and a stockpile for
hoisted development mullock to feed the crushing and screening plant in the years of
major mine expansion from 1996-97 and 2000-01;

e diesel trucks to haul mullock on the surface from the shaft mullock bins, mullock
stockpile or quarry, and to haul mixed fill from the fill mixing plant to the surface-to-stope
backfill holes;

» a CAF mixing plant to prepare backfill material, with associated crushing and screening
plant, deslimed tailings storage and binder storage;

» a modified bulldozer to build barricades in drawpoints and drill drives to retain fill inside
the stope.

Backfill quarry

A backfill quarry is presently used to service the existing operations, and would continue
to operate in the expanded operations. The quarry is located approximately 1 km north of
the northern boundary of the tailings storage area, in an area where the dolomitic
Andamooka Limestone is close to the surface. The products from the quarry have several
uses, including:

« rock for backfilling of mined out areas

e road surfacing material

« armouring for erosion control on tailings pond embankments
« rock cover for decommissioning of tailings areas

« concrete aggregates for a range of construction uses.

The quarry is and would continue to be operated by contractors. Currently, overburden is
removed by bulldozers, scrapers or front end loaders; the mining benches are drilled and
blasted; and the broken rock loaded by front end loaders into trucks for transport to the
crushing and screening plant, where products are manufactured according to demand. The
quarry is located some 15 km from the township. At this distance, the noise and dust from
blasting have not proven to be a nuisance or a hazard.

Operations at the quarry would continue as in the past to satisfy the requirements of the
expansion. At a nominal production rate of 9 Mt/a of ore from the main mine, the required
quantity of rock from the backfill quarry for use in the CAF as backfill would be
approximately 4.5 Mt/a. Adequate reserves for the foreseeable future exist within the area
currently set aside for quarrying.




3.3.10 Mine services

The underground services have been identified and sized on the basis of mine development
requirements for the initial expansion phase, and for sustained production at a nominal rate
of 9 Mt/a of ore.

The services comprise:

» secondary ventilation systems including associated axial flow fans;
» spot cooling units to provide localised cooling for personnel;

* a mine water drainage and dewatering system;

« asaline mine water reticulation system;

* a potable water supply system;

* an 11 kV electrical supply and reticulation at 1 kV and 415 V;

* communications for personnel (radios and telephones), and equipment monitoring and
control systems;

« waorkshop facilities for equipment servicing and maintenance underground;
* an explosives magazine;

* crib rooms, toilets, first aid stations, offices and other amenities.

The secondary ventilation and spot cooling units have been described in Section 3.3. The
other services are described below.

Mine dewatering

A new main mine dewatering pump station has recently been commissioned. It has
provision to increase the primary pump sets from three to five to meet future pumping
requirements.

For the expansion, mine water would continue to be collected and pumped to the surface
from strategically located pump stations. The quantity of mine water collected would
increase from the present 3.2 ML/d to up to 7.3 ML/d. The expected quality of the mine
water would be 20,000-40,000 mg/L of total dissolved solids.

Suspended solids would be removed in settling ponds, allowing the water to be used for
reticulation back to the mine and for dust suppression. Excess mine water would be pumped
to a new 30 ha mine water disposal pond (Section 3.8.3).

Should the whole mine dewatering system be inoperative for some reason, such as a power
failure, the decline to the bottom of the No. 3 shaft and the shaft itself could be used for
emergency water storage up to the loading station level. This would provide up to three
days’ storage.

Water supply and reticulation

For reticulation of the saline mine water, the mine would be divided into four reticulation
zones, each with two dedicated water supply lines from the surface. This would ensure that
the pressure was controlled between 100 m and 150 m head. The estimated maximum water
usage per zone is approximately 15 L/s. The water would be delivered at a volume and
pressure suitable for use in drilling machines, for generating foam for fire fighting and for dust
suppression. A facility for filling water trucks would be provided in each mine zone.

A separate reticulation system would be provided for potable water. This system would be
an extension of the existing mine potable water supply.
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Mine power supply system

The main 11 kV power supply would be from main switchboards located at the Whenan
Shaft, the Robinson Shait and No. 3 shaft.

The power supply underground would be provided from the surface distribution system by
new 11 kV power supply cables in dedicated drill holes. Armoured cable installed in each
dedicated drill hole would connect to movable skid-mounted transformer substations
underground. Five new power supply droppers are planned.

Electrical power would be provided to the crusher, loading station, automated rail haulage
system, rock breakers, small and large pump stations, ventilation and cooling systems,
lighting and mining equipment. The reticulation voltage to the main underground equipment
in the mining areas would be 1,000 V and 415 V.

Communications, control and monitoring systems

A new mining operations control centre in the Whenan Shaft area would be used to oversee
operation of ore production from the stopes, the automated rail haulage system, the crushing
station, the loading station and the hoisting system. The control centre would use a series of
closed circuit television cameras, fibre optic cable links, programmable logic controllers and
a personal computer-based system control and data acquisition (SCADA) system. All critical
services would be monitored and controlled by the SCADA system.

Personnel communications for surface and underground areas would be by radio and
telephone. Telephone communications would be extended into the new development by up
to forty extensions off the PABX line interface module in the administration building.

A mine-wide radio system using dedicated channels would be established for control and
monitoring of equipment items underground that were not part of the fixed infrastructure. For
surface radio coverage, the system would use the existing Whenan Shaft repeater, which
would be extended if required.

Workshop, fuel and lubricant supply systems

A workshop would be established on the main haulage RL ~640 m AHD level to service the
haulage trains and other equipment. Additional workshops would also be provided to
accommodate the underground mobile plant fleet. A new fuelling and lubricant supply
system and tanks would be established in the vicinity of Robinson Shaft.

Underground explosives magazine

The existing explosives magazine complex would be retained and extended to provide
sufficient storage for the increased quantities of ammonium nitrate/fuel oil (ANFO) mixture,
high explosives and detonators. An additional sump would be developed as a storage for
molten ANFO should a fire occur in the magazine.

Amenities

Two crib rooms (lunchrooms), similar to the existing facilities, would be provided adjacent
to the Whenan Shaft at RL =320 m AHD. Other amenities, including first aid stations and
underground offices, would also be provided.

Sewage from the underground toilets would be treated underground by a two-stage digestion
process, the first being anaerobic and the second aerobic with chlorination. The resulting
odourless and sterilised effluent would be pumped to the surface by the existing pump station
located at RL =420 m AHD for further treatment and disposal.
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3.4 LAYOUT OF SURFACE FACILITIES

3.4.1 200,000 t/a development

The layout of surface facilities at the plant site necessary to produce 200,000 t/a of refined
copper is shown in Figure 3.7.

The main surface manifestation of the changes to the underground mining operations
described in Section 3.3 would include the following:

e a head frame and winder facility associated with the new No. 3 shaft;
« an expanded dolomite quarry for the production of mine backfill material;

« an expanded batching plant for the production of structural mine backfill from mullock,
quarried dolomite and tailings;

« additional ventilation shafts and corresponding fan installations for mine ventilation;
« main service corridors for power, mine water and potable water supply, and communications;
* surface settling ponds for the mine water, for subsequent reclamation and use both

underground and on the surface for dust suppression.

The metallurgical treatment plant layout necessary to produce 200,000 t/a of copper is
shown in Figure 3.8. This layout would include the placement of new facilities as infill
between existing plant and some expansion of the metallurgical plant complex to the west.

The principal modifications to the metallurgical plant layout for a nominal capacity of
200,000 t/a refined copper (described further in Section 3.5) would include the following:

= anew ore stockpile located to the south-east of the existing stockpile;

* a new autogenous mill and additional flotation cells added to the copper concentrator
section of the plant;

« expansion of the tailings leach area by the provision of additional countercurrent
decantation (CCD) thickeners, a clarifier and two high compression tailings thickeners,
and expansion of the copper-uranium solvent extraction area;

e construction of a new smelter complex with a nominal capacity of 180,000 t/a copper
and associated acid plant of capacity 1,640 t/d of 98% sulphuric acid;

» revamp and expansion of the oxygen plant facilities, to a total capacity of 565 t/a;

» expansion of the copper refinery to a nominal capacity of 179,000 t/a electrorefined
copper and 23,750 t/a electrowon copper;

» construction of a new gold and silver refinery;

» relocation and expansion of buildings and laboratories for technical services and
administration;

» modifications to site services, including roadways, laydown areas, stormwater
management and electrical distribution systems.-

The modifications to the tailings retention system to accommodate a nominal production rate
of 200,000 t/a of copper, shown in Figure 3.7, include the following;:

» initial construction of another two cells of area 100 ha each, increasing the overall storage
area to 390 ha, and progressive filling of these with tailings;

» construction of another lined four-cell evaporation pond of 50 ha, to increase the overall
evaporation pond area to 118 ha, if the current paddock system for tailings disposal is
continued;

319



= relocation and enlargement of the mine water disposal pond to 30 ha.

The above modifications, and an alternative option of tailings deposition using the central
thickened discharge system, are described further in Chapter 8.

3.4.2 Possible 350,000 t/a development

The layout of surface facilities at the plant site necessary for the possible future production of
350,000 t/a of copper is shown in Figure 3.7. The metallurgical treatment plant layout
necessary to produce 350,000 t/a of copper is also shown in Figure 3.8. The principal
modifications to the 200,000 t/a plant include the following:

« additional grinding facilities;

« additional flotation cells;

« additional clarifiers and tailings thickeners;

= additional CCD thickeners;

» expansion of the copper—uranium solvent extraction area;
« duplication of the electrowinning/electrorefining complex;
« duplication of the copper smelter feed preparation area;

« construction of a third smelter and associated acid plant;

+ duplication of the anode furnaces and anode casting wheel associated with the new
200,000 t/a smelter.

The modifications to the 200,000 t/a tailings retention system to accommodate a production
rate of 350,000 t/a of copper, shown in Figure 3.7, would include the provision of a further
three tailings storage cells of 110 ha each, increasing the overall storage area to 720 ha.

The above modifications, and an alternative option of tailings deposition using the central
thickened discharge system, are described further in Chapter 8.

3.5 ORE PROCESSING

Section 2.2 described the metallurgical treatment process and facilities currently used at
Olympic Dam. The proposed treatment process to be used in the expanded operations is
based upon continued use of the current processing technology with some improvements.
This section describes the technology and equipment proposed. The alternative technologies
for mineral processing considered in earlier studies are discussed in Section 3.12.

3.5.1 Copper concentrator

The copper concentrator involves the reclamation of ore from stockpiles for grinding, and the
separation of copper concentrates by flotation. Improvements that would be incorporated in
the expanded plant include the use of a blending stockpile and ore reclamation system to
blend run-of-mine ore, thereby producing a more consistent mill feed (in terms of copper
grade) than is currently the case. A schematic process flowsheet is given in Figure 3.9.

Coarse ore stockpile

Two parallel coarse ore stockpiles would be provided as part of the Expansion Project. The
stockpiles would have a capacity of approximately 140,000 t of ore, comprising 86,000 t on
one stockpile and 54,000 t on the other.

The operation of the coarse ore stockpiles would involve the following:

= receival of run-of-mine ore by overland conveyor;
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+ distribution of the run-of-mine ore to the stockpiles by a travelling stacker conveyor;

recovery of ore from the stockpile by gravity to apron feeders underneath, and delivery

by convey

Grinding

Ore grinding would continue to be provided by autogenous mills. Each autogenous mill

or to the grinding circuit.

operates in closed circuit with screens and cyclones.

For the expansion to 200,000 t/a of copper, the existing 34 foot (10.4 m) diameter autogenous
mill would be operated in parallel with a new 38 foot (11.6 m) diameter autogenous mill.
The capacities of these mills are 415 t/h and 660 t/h respectively. Expansion to 350,000 t/a

of copper would involve the installation of another mill of similar size.

(=

FIGURE 3.10
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Flotation

The separation of copper concentrates from the ore would continue to be provided by a
flotation circuit, which involves the following:

« initial separation in flotation cells containing rougher and scavenger cells;
» regrinding of the coarse fraction of the concentrate;
+ progressive cleaning of the concentrate by further treatment in flotation cells;

+ thickening of the concentrate and tailings, and recovery of water for return to the grinding
circuit.

The Expansion Project would involve the provision of additional flotation (rougher/scavenger
and cleaner) cells and thickeners. The expansion to 200,000 t/a of copper would involve the
duty of the existing tailings thickeners being changed to concentrate thickeners and two new
tailings thickeners being constructed. These new thickeners would operate at a high solids
density, thus reducing the overall use of process water. Expansion to 350,000 t/a of copper
would involve the installation of further flotation cells and thickeners.

3.5.2 Hydrometallurgical plant
The hydrometallurgical plant has two functions:
» 10 clean and upgrade the copper concentrate before it is delivered to the smelter

« to extract uranium and any remaining copper from the flotation tailings.

The operation of the expanded hydrometallurgical and solvent extraction plant would be
similar to the existing plant. An improvement proposed for incorporation in the expanded
hydrometallurgical plant would be the use of pulsed column technology for uranium
extraction. Pulsed column technology is currently being trialled at the existing plant. The
use of pulsed column technology results in improved phase separation and reduced loss of
organics. The schematic flowsheet for the hydrometallurgical plant is shown in Figure 3.10.

Concentrate leach

In concentrate leaching, the copper concentrate is leached with sulphuric acid to dissolve
any contained uranium. The concentrate is thickened, filtered and neutralised prior to being
refloated to reject waste material liberated during the acid leach. In the expanded plant, the
final leached copper concentrate would then be sent to new smelting facilities via the feed
preparation circuit, as described in Section 3.5.3.

The uranium-rich liquor produced in the acid leach is combined with other uranium leach
liquors and further processed to recover uranium as described below. The tailings from the
reflotation cells are returned to the concentrator for further processing.

For the expanded concentrate leach plant, the existing tailings leaching tanks and thickeners
from the existing CCD circuit would be refurbished and retrofitted for the new duty. The
expanded plant would also require additional minor tanks and pumps.

Copper and uranium solvent extraction and uranium production

The extraction of copper and uranium from the flotation tailings involves the leaching of
uranium and any remaining copper with hot acid and oxidant (chlorate). The leach liquor is
then separated from the tailings in a continuous CCD circuit.

The solids that have been washed thoroughly to remove the dissolved metals are pumped to
the tailings retention system. Prior to disposal, the sand portion of some of the tailings is
separated out by hydrocyclones to produce a product suitable for use in CAF for placement
underground in mined-out stopes (Section 3.3).
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Clarification of the leach liquor takes place in a clarifier and sand filter prior to further
treatment in copper and uranium solvent extraction circuits.

From the copper solvent extraction circuits, the concentrated copper solutions are delivered
to the electrowinning circuit (Section 3.5.6), which is included in the copper refinery. The
spent electrolyte is then returned from the copper refinery for reuse. The upgraded solution
from the uranium solvent extraction is treated with ammonia to precipitate ammonium
diuranate, commonly referred to as yellowcake. The yellowcake is calcined to produce
uranium oxide concentrate (as U,0y), and then packaged for delivery.

The expanded facilities for production of 200,000 t/a of copper would include:

« additional agitated leach tanks;

« additional CCD thickeners and associated tanks and pipework;

» additional clarification plant, which would operate in parallel to existing plant;
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* new copper solvent extraction plant (operating in parallel to existing plant), comprising
mixer-settler plant constructed of HDPE-lined concrete;

* new uranium solvent extraction plant (operating in parallel to existing plant), comprising
17 m high fibreglass columns using pulsed column technology. Uranium scrubbing and
stripping would be conducted in mixer-settler tanks constructed of HDPE-lined concrete;

» additional precipitation tanks and an additional centrifuge, operated in parallel with
existing plant;

« upgrading of the existing desliming cyclones and a new sand delivery line to the
cemented aggregate fill plant for use as mine backfill;

» additional reagents storage;

+ a new calciner similar to, and operating in parallel with, the existing installation. The
existing packaging plant would continue to be used for packaging uranium oxide
concentrate.

The calciner would be a vertical multi-hearth type with rotating arms that move the
concentrate from level to level. The unit would be diesel fired, and operate at 700-760°C.
The uranium oxide concentrate would discharge to a trommel and then to a 20 t storage bin.
Off-gases would be scrubbed in a high energy venturi scrubber.

The further expansion to 350,000 t/a would involve the installation of similar additional
copper—uranium solvent extraction equipment, and a further calciner and packaging plant.

3.5.3 Copper smelter

Direct-to-blister copper smelter technology (licensed to the Finnish company Outokumpu
Oy) would continue to be the means of producing copper metal (blister copper) from copper
concentrates for the 200,000 t/a copper expansion. This phase of the expansion would
involve the construction of a new direct-to-blister smelter to replace the existing smelter. The
capacity of the new smelter would be 180,000 t/a blister copper. (The balance to 200,000 t/a
refined copper would be via electrowinning from copper electrolyte produced in the
hydrometallurgical plant.)

If the plant is expanded to 350,000 t/a, the function of the new smelter would change in that
it would be used to produce blister copper by converting copper matte produced in a new
flash smelter.

The new flash smelter would incorporate improvements in:

e the collection of sulphur dioxide from the process

= the conversion to sulphuric acid and the efficiency of sulphur dioxide control

« ventilation around the smelter and other furnaces.

The existing smelter would be placed on cold stand-by, but could be utilised if it was decided
to increase overall copper production at Olympic Dam on an interim basis, using imported
copper concentrates or other South Australian copper ores (Section 3.7).

Smelter feed preparation

The copper concentrate from the hydrometallurgical plant would continue to be prepared by
thickening, pressure filtration and drying, as shown in Figure 3.11. The expanded facilities
would be similar to the existing facilities but on a much larger scale. Tor expansion to
200,000 t/a of copper, this would involve the installation of two large filters and two new
dryers.  Expansion to 350,000 t/a of copper would involve the installation of similar
additional equipment.
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Flash smelter

In the flash smelter, copper concentrate is fed into the smelter reaction shaft together with
oxygen enriched air and silica flux (sand). The fine concentrates react, or ‘flash’,
instantaneously to form copper and slag droplets and furnace gases containing sulphur
dioxide. The blister copper and slag droplets fall to the furnace hearth and form two distinct
layers that allow their periodic removal—the blister copper to two anode furnaces operated
in parallel, and the slag to an electric furnace for the further recovery of blister copper.

The flash furnace gases are directed via the waste heat boiler and electrostatic precipitator to
an acid plant where the sulphur dioxide is converted into sulphuric acid for use in the
hydrometallurgical plant. Figure 3.12 shows the schematic flowsheet for the flash furnace
and gas handling system, comprising:

« a waste heat boiler for the recovery of heat to be used elsewhere in the plant as steam,
and associated facilities for the recovery of dust, for return to the process;

« an electrostatic precipitator for the recovery of dust, for return to the process.
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Dust from the flash furnace operation is primarily a result of incompletely reacted
concentrate passing into the off-gas treatment system. The amount of dust generated by
Olympic Dam'’s concentrate mixture is high, owing to the fine consistency of the feed. This
has resulted in considerable costs associated with dust handling, maintenance and system
shut-downs in the existing smelter. Minimising this dust generation is a high priority in the
design of the new flash furnace. The intention is to design the concentrate burner and the
furnace’s internal gas velocities to minimise dust generation.

Flash smelter dust handling

Dust would be recovered from the flash furnace gases in the waste heat boiler and in an
electrostatic precipitator. The chemical constituency of the oxidised dust collected in
the waste heat boiler would be approximately 35-45% copper, 20-27% iron, 5-8%
silica, less than 1% sulphur, and minor amounts of zinc, lead, bismuth, arsenic, alumina
and lime.
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Gases exiting the waste heat boiler would be at a temperature of approximately 350°C and
would be laden with dust that would not settle in the boiler. This dust, as well as the
condensed metals, would be collected in an electrostatic precipitator. The chemical
constituency of dust collected by the precipitator would be approximately 25-40% copper,
5-15% iron, 15-25% sulphur and 5-15% silica.

The waste heat boiler dust would be mixed with electrostatic precipitator dust in the dry dust
surge bin, where it would be diverted in approximately equal proportions to either the dust
bleed or the dust pump. Overall, 7-8 t/h of dust would be collected in the waste heal boiler
and electrostatic precipitator. In the dust bleed, dust would be mixed with acid and water
and pumped to the hydrometallurgical plant for copper recovery and the removal of melal
impurities. The dust pump would send the dust to the dry dust day bin from which the dust
would be metered into the feed to the concentrate burner.

Bypass gas handling system

A bypass for the flash furnace gases would be provided to permit periodic inspection of the
electrostatic precipitator and to handle certain conditions of acid plant shut-down. At these
times, the flash furnace concentrate burner would be shut down, resulting in a rapid fall in
particulate loadings in the off-gases. Sulphur dioxide concentrations, however, would persist
at elevated levels for a short time.

A typical sulphur dioxide decay profile has been developed using data from existing
operations. These indicate that the initial sulphur dioxide concentration would remain at
around 30% volume for approximately fifteen minutes, drop to 10% volume in about the
next ten minutes and then decay to a steady level of less than 1% volume within a further
thirty minutes. A gas treatment system would control sulphur dioxide and particulate
emissions to atmosphere during operation of the electrostatic precipitator bypass.

The operational frequency of the electrostatic precipitator bypass is expected to be once
every one to two weeks, and total bypass time is expected to be approximately 100 hours
per year. The gas treatment system for the electrostatic precipitator bypass would comprise
the following:

* a deluge spray quench tower to cool and saturate the flash furnace off-gases. Caustic
soda solution would be injected to provide a first stage of particulate and sulphur dioxide
removal;

* a hydrosonic scrubber comprising a steam ejector using steam from the flash furnace
waste heat boiler would provide the motive power for the scrubber. Water would be
injected directly in the first stage of the scrubber, followed by two further injection stages
of water dosed with caustic soda. The scrubber would provide a high degree of
particulate and sulphur dioxide removal;

* a cyclone demister for removal of water droplets from the gases prior to their release to
the atmosphere via the main smelter’s scrubbed gases stack.

An emergency bypass for the flash furnace gases would also be provided for use when the
electrostatic precipitator and acid plant bypass was unavailable. Use of the emergency
bypass would be rare and is estimated to total less than eight hours per year. During
operation, the emergency bypass would direct the hot flash furnace gases to the main
smelter stack.

Flash smelter expansion staging

The plant expansion to 200,000 t/a of copper would involve installation of a new flash
smelter of 180,000 t/a capacity together with an associated gas handling system. A new acid
plant and oxygen plant would also be installed.

09
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FIGURE 316

The expansion to 350,000 t/a of copper would involve the installation of a new flash smelter

that would treat all the copper concentrates produced by hydrometallurgical plant into

copper matte containing 62-68% copper.

The copper matte would then be recovered,

granulated, ground and fed into the 180,000 t/a flash smelter, which would operate as a flash
converter to produce blister copper. Upgrades to the acid and oxygen plants would also be
required. Metallurgical assessment has indicated that the 180,000 t/a flash smelter would

have adequate gas handling capacity to meet flash converting requirements for the

production of 350,000 t/a of copper when fed with a 68% copper matte.

Electric furnace

Slag produced by the flash smelter would continue to be treated in an electric furnace to

recover copper. A new electric furnace of 11.5 m internal diameter would be provided as
part of the expansion to 200,000 t/a of copper.
operation of the electric furnace and associated gas handling equipment is provided in
Figure 3.13.

A schematic flowsheet depicting the

The electric furnace receives molten slag from the flash furnace and is then charged with

coke and reverts (cooled slag from the flash furnace). Within the electric furnace, the blister
copper and molten slag separate into layers, allowing periodic removal. The blister copper
is sent to the anode furnaces for further processing, while the slag is cooled, broken up and

returned to the grinding circuit of the concentrator.

In two important aspects, the slag cleaning operation undertaken in the existing electric
furnace at Olympic Dam is unlike any other slag cleaning operation in the copper industry.
Firstly, the slag from the flash furnace is very high in copper, a considerable part of which is
copper oxide. Secondly, the presence of radioactive isotopes of lead (2'9Pb) and polonium
(“'"Po) prevents lowering of the copper content in the electric furnace slag to less than 4%,
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as unacceptable levels of these components would otherwise appear in the blister copper.
These radioactive isotopes are more easily controlled by treating the discard slag from the
electric furnace by slow cooling and flotation of the copper. The radioactive components
then follow the tailingstand join the main mill tailings in the tailings retention system. The
same approach would be adopted for the new electric furnace.

For the expansion, the electric furnace off-gases would leave the furnace fully combusted
and would then be treated in a gas cleaning system which would comprise the following
equipment:

* a quench tower incorporating a caustic injection system
* a venturi scrubber with further injection of caustic

» a wet electrostatic precipitator.

On leaving the wet electrostatic precipitator, the gases would have less than 75 mg/Nm* (dry)
of particulates (mg/Nm?* (dry) being a measure of gas volume) as well as heavy metal
concentrations that would be within State standards and national guidelines. The gases
would then pass to the main smelter stack via an induced draft fan.

The slurry collected from the gas cleaning system would be neutralised with caustic soda,
thickened and then discharged into the tailings retention system.

For the expansion to 350,000 t/a copper using the copper matte/converter smelting system,
the electric furnace may become redundant and be removed to make room for a granulator.
However, should the control of radionuclides require a two-stage slag treatment operation
similar to that for the existing direct-to-blister process, the 11.5 m diameter electric furnace
would be more than adequate for the treatment of flash converter slag.

Anode furnaces and casting wheels

The refining of blister copper from the flash and electric furnaces would continue to be done
in anode furnaces. For the expansion to 200,000 t/a, two new anode furnaces and a new
anode casting wheel would be installed. Expansion to 350,000 t/a would involve a further
two anode furnaces and another anode casting wheel.

Pyrometallurgical refining within anode furnaces is currently undertaken in batches
involving:

 an oxidation phase, wherein the molten copper is injected with air in order to liberate the
remaining sulphur;

« a reduction phase using liquefied petroleum gas (LPG) to remove oxygen.

Pyrometallurgical refined copper is then tapped to the anode casting wheel. The cast anodes
are washed, weighed and delivered to the copper refinery. A schematic flowsheet of the
anode furnace and casting wheel operation is provided in Figure 3.14.

The gas cleaning system for the anode furnaces would incorporate diversion of gases
generated in the oxidation and blister copper filling stages to the acid plant.

In this process, off-gases from each anode furnace would pass through a hood and after-
burner duct. During the reduction stage, combustion of unburnt gases would take place,
with the exhaust temperature controlled to approximately 1,000°C. During other stages of
the furnace cycle, the off-gas temperatures would be lower. The after-burner duct would
discharge to a spray water quench tower, which would cool and condition the gases before
they passed to a venturi scrubber. The quench tower would cool the gases to approximately
78°C, and remove coarse particulate matter. Quenched gases would then pass directly to a
wet electrostatic precipitator, for fine particulate removal.
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During the reduction, casting and holding stages, where there would be no significant
sulphur dioxide levels, the cleaned gases would discharge to the main smelter stack in
conjunction with other smelter dry gases. During the oxidation and blister copper filling
stages, the gases leaving the wet electrostatic precipitator would be diverted to the acid plant
via a gas cooler/radial flow scrubber, a first-stage mist precipitator and a second-stage mist

“precipitator. This treatment would deliver optically clear gases at less than 25 mg/Nm? (dry)

particulate and 40°C to the acid plant.

Flash furnace and electric furnace ventilation

Ventilation air for the new flash furnace and electric furnace would be drawn from the roof,
tapholes and launders on the electric furnace and from the reaction shaft, uptake shaft,
tapholes and launders on the flash furnace. The separate air flows would be ducted to the
main smelter stack. Pollutant discharge limits for the ventilation air would be set at less than
75 mg/Nm? (dry) of particulates and 700 mg/Nm? (dry) of sulphur dioxide. Heavy metal
emissions would be within the State standards and national guidelines.
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Main smelter stack system

The main smelter stack would be a double flue arrangement 90 m high, supported by an external
steel framework. One flue would be fibre-reinforced plastic, to be used for scrubbed smelter
gases and ventilation gases. The other flue would be steel and would serve the acid plant.

The smelter stack design has been subject to extensive dispersion modelling to assess the
adequacy of the proposed height. This is discussed further in Chapter 9.

3.5.4 Acid plant

A new acid plant would be installed for the expansion to 200,000 t/a copper. This acid plant
would receive metallurgical gases continuously from flash smelting furnace operation and
produce sulphuric acid. The nominal design capacity for the acid plant from flash furnace
gases would be 1,415 t/d of 98% sulphuric acid.

The acid plant would also continuously burn sufficient sulphur to produce between 100 t/d
and 900 t/d of sulphuric acid. This production would be in addition to that produced from
metallurgical gas. At the minimum sulphur burning rate and the maximum flash furnace rate,
the continuous capacity of the acid plant would be 1,515 t/d. When treating anode furnace
oxidation gases in addition to flash furnace gas, the capacity of the acid plant would increase
by up to 110 t/d. When treating anode furnace copper blister filling gases, the capacity of
the plant would increase by up to 15 v/d.

The sulphuric acid plant would be a double catalysis/double absorption design to ensure
efficient conversion of sulphur dioxide to sulphur trioxide, and efficient absorption of the
latter. The plant would be equipped with mist eliminators and would use gas monitors on
the stacks to continuously review plant performance. The plant would be equipped with a
preheat system to enable the plant to rapidly reach optimum sulphur dioxide conversion
efficiency during start-up.

The oxidation section of the acid plant would be designed for a maximum total flow rate of
130,000 dry Nm#/h, comprising gases from the new flash furnace and anode furnaces, and
gases from the combustion of sulphur and dilution air. The acid plant stack would be 90 m
high and would be part of the main smelter stack system described in Section 3.5.3.

The gas leaving the acid plant would be optically clear and contain not more than 2 kg of
sulphur dioxide per tonne of 100% sulphuric acid and 0.075 kg sulphur trioxide per tonne
of 100% sulphuric acid, in conformance with the national emission guidelines. Stack
emissions would also not exceed the State emission standards of 3,000 mg/m? of acid gases
expressed as sulphur trioxide and 100 mg/m? acid mist expressed as sulphur trioxide.

A production rate of 350,000 t/a copper would require duplication of the new acid plant.

3.5.5 Oxygen plant facilities

The existing oxygen plant facilities have a total capacity of 154 t/d and comprise four
separate oxygen plants that collectively produce the total oxygen requirements for the
existing metallurgical plant. These oxygen plants comprise the following:

e a 115 t/d eryogenic oxygen plant that houses its own air compressors and produces low-
pressure oxygen;

= a 17 t/d cryogenic oxygen plant that does not house its own air compressors and draws
on plant air produced by the existing compressor plant;

« two 11 t/d pressure swing absorption (PSA) oxygen plants owned by BOC Gases of
Canada and contracted to WMC to provide low-pressure oxygen.

New oxygen plant facilities rated at a total of 450 t/d would be installed in proximity to, and
to the west of, the new smelter facility location for expansion to 200,000 t/a of copper. This
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equipment could be installed in two or three stages. On completion of commissioning, the
new oxygen plant facilities, the two existing 11 t/d PSA plants and the 17 t/d cryogenic
oxygen plant would be decommissioned. The 115 t/d plant would remain in operation in its
present location, giving a total oxygen plant capacity of 565 t/a.

After the expansion, there would be a small demand for high-pressure nitrogen, which is a
by-product of the oxygen plant. This nitrogen would be required at the two new anode
furnaces for the injection of inert gas through the anode furnace tuyeres and for the
pneumatic transport of concentrates. A secondary need for nitrogen would be for fire fighting
requirements at the new and existing dry concentrate silos.

Expansion to 350,000 t/a of copper would require the installation of further similar oxygen
production plant.

3.5.6 Copper refinery

High purity copper cathode (99.99% pure) would continue to be produced by the electrorefining
of copper anodes and electrowinning from copper electrolyte produced in the hydrometallurgical
plant. In the existing plant, both of these processes are conducted in the same refinery building.
Following the expansion, the two processes would be undertaken in separate buildings.

Figure 3.15 provides a schematic flowsheet for the future operation of the copper refinery.
The processes involved are described further below.
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Electrorefining

For the expansion to 200,000 t/a copper, the capacity of the copper refinery would be
increased to 179,000 t/a electrorefined copper. The existing total production stripping
system would be retained. In this process, stainless steel permanent cathodes act as
motherplates for cathode production, and an automatic stripping machine separates the
copper cathode from the motherplate. The copper cathode is then weighed, bundled and
strapped for shipment.

Anodes and anode scrap would be transported using a heavy-duty trolley system. Anodes
would be individually weighed and rejected if outside a predetermined weight range at the
smelter prior to transport to the refinery. A new 22 t overhead electric crane would be used
to load prepacked bundles of anodes into the cells, and to unload scrap anodes and cathodes
for stripping.

Most of the existing cells are of the lined concrete type. The new cells would be constructed
from polymer concrete, similar to those installed in recent plant optimisations. The
electrolytic cells would contain the anodes and stainless steel motherplates as cathodes.
Copper from the anodes would be deposited on the motherplate by passing DC current
through an acidic copper sulphate solution.

The electrolyte solution would be circulated through the cells by two circulation systems,
each servicing half of the cells. Each of the two circuits would have dedicated heat
exchangers to maintain electrolyte at 62°C, and head tanks where reagents were added to
control the quality of the deposit.

During the twenty-one day refining cycle, the anodes would dissolve and three crops of
cathodes would be harvested on the sixth, thirteenth and twenty-first days. The cathodes
deposited on the motherplates would be washed, stripped, stacked, weighed, and bundled
ready for shipment in an automated cathode washing and stripping machine. At the end of
an anode cycle, the anode scrap would be washed and stacked in an automated anode scrap
washing machine and transported by the trolley system back to the smelter for remelting.

Insoluble impurities in the anodes (including mould wash, precious metals and fine copper
powder) which settle as slimes to the bottom of the cells would be pumped to the gold and
silver refinery after each complete anode cycle. All deslimed solutions would be returned to
the circuit via filters, which would also filter, as a side stream, a volume equal to 20% of the
circulating solution. The electrolyte copper strength and soluble impurities such as arsenic
and nickel would be controlled by bleeding spent electrolyte back to the hydrometallurgical
leach circuit. Bismuth would be recovered by treating an electrolyte bleed stream in a small
ion exchange plant.

Electrowinning

The electrowinning cells, with a capacity of 23,750 t/a of electrowon copper, would be
housed in a separate building north of the existing refinery. All cells would be of polymer
concrete construction and located at ground level.

In the electrowinning process, clean strong electrolyte is pumped from the
hydrometallurgical plant solvent extraction area to the electrowinning circulation systems.
Spent electrolyte is returned to the solvent extraction plant. The incoming strong electrolyte
is heated with steam in a plate heat exchanger that maintains the circulating electrolyte
temperature at 40°C.

The electrowinning cells contain insoluble lead anodes and stainless steel permanent
cathode motherplates. In the cells, the electrolysis process reduces copper in the solution
and deposits it as metal on the cathodes. Oxygen is released at the lead anodes. The copper-
depleted electrolyte returns to the circulation tank, where part of the flow is removed and
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mixed with the incoming strong electrolyte to make the cell feed. Make-up sulphuric acid is
also added to the spent compartment of the circulation tank.

A bleed stream is used to control iron and other impurities in the electrolyte, this stream
being removed after the addition of make-up water. The bleed is pumped to the concentrate
leach area in the hydrometallurgical plant, where the acid is consumed in the leach
reactions.

An acid mist is generated by the liberation of oxygen produced at the anodes. This mist is
controlled by adding polyethylene beads to the cells, which float on the electrolyte surface,
and by using a foam additive that fills the interstices in the bead layer. Recent trials with an
improved foam at the existing electrowinning cells have demonstrated improved control of
acid mist.

The new copper refinery design provides for automated copper stripping using permanent
stainless steel cathodes. In this operation, an overhead bridge crane (relocated from the
existing electrorefinery) transports cathode plates to and from an automatic cathode stripping
facility. Cathodes are harvested on a seven-day cycle from the cells.

At the stripping machine, the cells are placed on a conveyor and automatically taken through
a spray wash booth. Following washing, the copper cathode sides are stripped by flexing
and collected in stacks. The cathodes are then weighed, sampled and banded for shipment
on the discharge conveyor, and removed and stacked by forklift truck.

The new copper refinery building would be open-sided to cell walkway level to allow natural
ventilation. The building would be designed to allow the future installation of cross-flow
ventilation fans, if improved acid mist extraction was found to be necessary.

3.5.7 Gold and silver refinery

The new gold and silver refinery would recover these metals from slimes deposited in the
electrorefinery cells, in a process very similar to that in use in the existing plant. The existing
refinery would be closed down.

The process involves treatment of the slimes with cyanide to dissolve the gold and silver
followed by precipitation of these metals with zinc. Two stages of electrolytic cells recover
the silver and gold as pure products, which are then individually smelted into bullion.

Figure 3.16 shows the schematic flowsheet for the refining of gold and silver from anode
slimes. In the process, the anode slimes, containing precious metals and residual radionuclides,
are washed from the electrolytic cells during the anode replacement cycle into collection
tanks and pumped to the slimes treatment plant where they are filtered to remove the
bulk of the contained electrolyte. The electrolyte is in turn filtered and returned to the
copper refinery.

After filtering, the slimes are leached to remove the contained copper prior to being
neutralised and then subjected to intensive cyanidation, which dissolves the contained
gold and silver. The cyanided residue is reslurried and pumped to the tailings retention
system for disposal, and the waste cyanide solutions are treated with ferrous sulphate prior
to disposal, to ensure cyanide in solution is not passed to the tailings retention system. The
gold and silver-bearing cyanide solution is pumped into the gold room for further
processing.

The precious metal bearing cyanide solution is treated in a zinc precipitation step to
precipitate the gold and silver. This precipitate is lcached to remove residual zing, copper
and selenium. The acidified precipitate is dried in a rotary kiln, combined with fluxes and
smelted in the rotary gold room furnace to form doré metal, which is cast as a round ingot
known as a ‘button’.
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The doré buttons are remelted in an induction doré furnace and cast to form doré anodes to
feed the silver electrorefining cells. The silver crystals deposited on the cathodes are
collected, washed and remelted in a separate induction furnace to produce silver bullion.

The gold in the doré anodes forms a slime (or mud) in the silver electrorefining cells which
is collected, leached to remove residual silver, and melted to form gold anodes. The anodes
are refined in gold refining cells, where gold is deposited on titanium cathode motherplates.
The gold is stripped, melted and cast again into gold anodes.

These anodes are then refined again in another set of refining cells to produce gold cathode
deposits on titanium motherplates. This double refining eliminates any radionuclide
contamination of the gold product. The gold deposits are stripped from the titanium
motherplate and melted to produce 99.99% refined gold bullion.

The air pollution controls for the new gold and silver refinery would be similar to the existing
gold and silver refinery, described in Section 2.2. Nitrogen oxides produced in the
acidification tank would be scrubbed in a caustic soda scrubber system, and particulates
arising in the rotary furnace would be scrubbed in a venturi scrubber.

3.6 MATERIALS HANDLING AND TRANSPORT

3.6.1 Raw materials

Ore derived from on-site mining would continue to be the principal raw material handled on
site, as described in Section 3.1. In addition, on-site process plant would continue to be used
as the principal source of sulphuric acid and oxygen used in the metailurgical process and
in the smelter.

Other raw materials, including chemicals used in the metallurgical process, would continue
to be sourced off site from established suppliers and transported to the site by road. Table 3.3
summarises the chemical use for the existing and expanded project.

It can be seen from Table 3.3 that the transport of dolomite and nitrogen would be introduced
to the site following the Expansion Project while the transport of acid and lime would cease.
Dolomite and nitrogen are routinely transported safely throughout Australia.

The safe packaging and transport of chemicals to Olympic Dam is ultimately the
responsibility of suppliers and transport companies. However, WMC would require them to
undertake these activities in accordance with relevant legislation and codes of practice
(Tables 1.5 and 1.6).

On-site storage of chemicals would be undertaken in dedicated storage areas designed,
constructed and operated in accordance with relevant legislation and codes of practice
(Tables 1.5 and 1.6). In particular this would include, but not be restricted to:

« inventory control

= restriction of access

« separation according to hazard classification

* provision of impervious surfaces and bunding as appropriate
« maintenance of a database of material safety data sheets,

Site safety, emergency response capabilities and contingency planning issues are discussed
further in Chapter 15.



Table 3.3 Annual site chemical use’

Expanded Project copper production

Cremics §i

200,000 t/a 350,000 t/a
Acid from site (t) 91,455 444,967° 810,446
Acid from off site (1) 53,822 0 0
Alcohol (1) 24 43 130
Amine (kL) 63 86 260
Ammonia (t) 1,546 4,509 7,504
Borax (t) 35 81 179
Caustic soda—liquid (kL) 1,036 3,875 6,933
Caustic soda (t) 26 67 112
Coagulant (t) 1,021 1,929 3,453
Cobalt sulphate (1) 5 15 28
Cyanide (1) 71 187 310
Dolomite (t) 0 19,320 85,168°
Ferrous sulphate (t) 74 207 344
Flocculant (t) 473 863 1,545
Frother (kL) 115 420 752
Hyvdrogen peroxide (kL) 92 215 476
Kerosene (kL) 1,978 3,505 11,482
Lime (t) 2,077 0 0
Silica (1) 18 42 54
Nitric acid (kL) 19 45 99
Nitrogen (t) 0 16,443 29,514
Oxime (t) 94 164 598
Oxygen (t) 61,004 114,017 183,001
Soda ash (1) 227 624 1,097
Sodium chlorate () 5,380 13,653 24,434
Sodium nitrate () 14 31 70
Sulphur (t) 3,231 52,543 90,657
Wax (t) 16 33 56
Xanthate (t) 241 667 1,193
Zinc dust (t) 29 67 148

1 Excludes fuels which are given in Table 3.7.
2 Includes acid from burning sulphur.
3 Includes provision for treatment of acidic liquor for minimisation of water use.

3.6.2 Products

The products that would continue to be produced at Olympic Dam are:

* copper cathode

* uranium oxide concentrate

* refined gold

« refined silver.

All of the above are currently transported from the site by road, an arrangement that would

continue following the expansion. The particular handling and transport requirements for
each of the products are discussed below.
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Copper

Copper product from Olympic Dam would continue to be in the form of copper cathode
sheets. These sheets are currently bundled into packs weighing approximately 3-3.5 t and
stored in an open area prior to transport. They are then loaded by forklift on to trucks for
transport from the site.

The copper cathode sheets do not have any particular transport requirements. Currently, use
is made of empty supply trucks leaving the site to backload this product, and this practice
would continue following the Expansion Project.

Uranium oxide

All uranium oxide produced at Olympic Dam would continue to be exported through Port
Adelaide. Presently, shipping occurs about three times a year. This would increase to about
six to eight times a year following the 200,000 t/a of copper expansion. The current shipping
arrangements are as follows:

¢ The uranium oxide is packaged into 205 L steel drums (Figure 2.8) specially marked with
an identification of the contents, a serial number, the contained weight and the origin of
the product.

+ The loaded steel drums are stored within a designated warehouse on site.

* When a shipment is due and the ship has arrived at Port Adelaide, the entire shipment of
steel drums is loaded by forklift truck into 2 m x 2 m x 6 m shipping containers, which
are then loaded on trucks.

* The trucks carrying the entire shipment are assembled into a convoy to travel to Port
Adelaide under escort, with the convoy including empty containers and equipment
necessary to recover any spillage in the unlikely event that this occurs.

* The shipping containers are loaded directly on to the awaiting ship.

The arrangements outlined above have been used successfully, without incident, since
production began at Olympic Dam in 1988. Any changes to these arrangements would be
subject to review and approval by regulatory authorities.

Gold and silver

Gold and silver bullion is currently stored under secure conditions within the gold room prior
to armoured and escorted transport to Adelaide. These arrangements would continue for the
Expansion Project.

3.7 IMPORTATION OF COPPER CONCENTRATES OR
OTHER ORES

Two opportunities would exist after the Expansion Project for the purchase and treatment of
imported copper concentrates or other South Australian copper ore to supplement Olympic
Dam production. These opportunities are:

» use of surplus capacity in the new upgraded concentrator and smelter in the early years
of their operation, while mine output is being increased, by supplementing either the new
smelter with imported copper concentrate or the upgraded concentrator and new smelter
with other South Australian copper ore;

e use of the existing smelter, which would otherwise be shut down, to smelt concentrate
produced on site, thereby providing additional capacity in the new smelter for treatment
of imported concentrates.



Imported copper concentrates or other ore would be blended with mine concentrates or ore
and used as feed for the upgraded concentrator and/or new smelter as appropriate.
Continued use of the existing smelter would be based on the use of concentrates derived
from ore mined at Olympic Dam.

A preliminary review of western world producers of copper concentrates has indicated a
number that do not have their own smelting operations and have copper concentrates
potentially suitable for further processing at Olympic Dam. The quantity, if any, of imported
copper concentrates or other South Australian copper ore that would be processed at
Olympic Dam would be dependent upon economic factors and the availability and
suitability of these materials. Table 3.4 summarises the desirable characteristics of
concentrates for blending with Olympic Dam concentrates.

At the assumed copper grade of 35%, the maximum quantity of concentrates able to be
treated would peak at 236,000 t/a at Year 13, which corresponds to a peak additional
cathode copper production of 79,940 t/a. In practice, any importation rates are expected to
be considerably lower than this figure.

Table 3.4 Desirable characteristics of imported copper concentrates

Factor Preferred range

Grade Greater than 35% copper
Copper to sulphur ratio Greater than 1.2 1o 1
Particle size Less than 75 pm

Impurities Low levels of arsenic, tin, bismuth, mercury,
iron, selenium and tellurium

The options for transport for imported copper concentrate involve either shipment to Whyalla
and transportation by truck to Olympic Dam, or shipment to Port Pirie or Adelaide followed
by transportation by rail to Pimba or Port Augusta and then truck to Olympic Dam. It is
expected that Australian copper concentrate or other South Australian copper ore would be
delivered by surface transport direct to Olympic Dam.

The Whyalla wharf facilities can receive shiploads of up to 20,000 t of concentrate with a
nominal moisture content of 8%. Ships would be unloaded using either a stockbridge and
clam shell unloader or ships’ cranes with grabs, loading into trucks via a hopper.
Refurbishment of the existing bulk wharf at Whyalla would be required, including:

* anew concrete deck;

* a new hopper designed to overlay the ship in order to capture any spillage from the
loading operation;

= a new concentrate storage shed of 20,000 t capacity.

The Adelaide wharf facilities can receive shiploads of up to 10,000 t of concentrate, and the
Port Pirie wharf facilities can receive shiploads of up to 15,000 t of concentrate. Ships’
cranes with grabs would be used for unloading concentrate. A new concentrate storage shed
would be required at Adelaide, whereas storage facilities are already available at Port Pirie.

At the moisture content received, dust emissions would not be expected to be a problem.
Additional dust controls would be provided as required, including water suppression sprays
and the enclosure of transfer points and conveyors.

Side-tipping trucks would fill from the road hopper and transport the concentrate to the
storage shed. Each truck load would be weighed on a weighbridge and sampled prior to
tipping on to the stockpile.
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The concentrate would then be reclaimed by front end loader into 75 t side-tipping road
trains for delivery to Olympic Dam. The maximum copper concentrate import rate of
236,000 t/a would require approximately sixty truck movements per week to Olympic Dam.
However, as noted above, any importation rates would be expected to be considerably lower
than this figure.

At Olympic Dam, the concentrates would be transferred to a storage shed, reclaimed by front
end loader and placed into a hopper feeding a concentrate conveyor which would deliver
the material to a steam coil concentrate dryer. The dry concentrates would be pneumatically
transferred to storage bins before being blended with Olympic Dam concentrates, for supply
to the new flash smelter.

Additional copper refinery capacity, in the form of additional electrolytic cells, would be
provided to match the increased copper anode production.

3.8 EFFLUENTS AND EMISSIONS

3.8.1 Tailings containment

The tailings from the metallurgical processing of ore would continue to be managed in the
tailings retention system. The additional rate of tailings throughput would, however, require
additional cells to be developed in this system. Table 3.5 shows the rates of tailing
production and the areas required using the traditional paddock disposal method.

It is noted that the additional tailings throughput would affect only the operational area
needed at any time to evaporate the additional tailings liquor and not the final tailings
volume. Hence, the final area of tailings at the completion of mining would be determined
by the quantity and depth of tailings deposited and not by the tailings deposition rate.

Table 3.5 Tailings production and area requirements—paddock disposal method

Copper production Mining rate Tailings production  Tailings operational area’
(1/a) (Mt/a) (Mt/a) (ha)

85,000 (existing) 3.0 2.7 190

200,000 9.0 6.6 390

350,000 17.0 12.5 720

I For initial production rates.

The following provides a brief description of the development of the tailings retention system
under the two deposition methods being considered: the traditional paddock method, as
currently used at Olympic Dam, and the central thickened discharge system, which is a
potential alternative. Greater detail is provided in Chapter 8.

Paddock method

The initial phase of expansion to 200,000 t/a copper would involve the construction of an
additional two tailings cells, each 100 ha in area. These cells would be adjacent to the
existing tailings containment cells (Figure 3.7). Expansion to 350,000 t/a copper would
involve the construction of an additional three cells of area 110 ha each. The new and
existing cells would be operated as a combined facility.

All new embankments would be constructed from the local swale and sand dune materials
or from reclaimed tailings (subject to the success of trials currently being undertaken). As with
the existing facility, the initial embankments would be constructed to a height of 10 m. As
additional storage capacity was required, the embankments would be raised using reclaimed
tailings or locally sourced dune and swale materials in increments up to 5 m high to achieve
a total height of 30 m.



The tailings would be discharged into the containment cells using the subaerial deposition
method. This means that tailings would be deposited in thin layers in each cell on a cyclical
basis, with the cycle times varied according to seasonal fluctuations, to enable the moisture
content of each deposited layer to be reduced to a predetermined level. At this level, the
tailings would be partially saturated, dense and of high strength, and would retain sufficient
moisture to limit radon emission.

Supernatant liquor would separate from the tailings during the deposition cycle and for a few
days after deposition has stopped, as the tailings settle. The supernatant liquor and all rainfall
on the storage surface would be directed to structures located centrally in the tailings
containment cells, which would decant the liquor for collection and pumping to the
evaporation ponds. These ponds would have synthetic and clay liners.

When the final height of tailings was achieved, a new set of cells would be constructed
adjacent to the completed cells. This process would be repeated for the life of the mine.

Decommissioning and rehabilitation of the tailings storage facility would be undertaken
progressively as the cells reached their final height. This would involve covering the tailings
surface with earth and rock armour as described in Chapters 8 and 14.

Central thickened discharge method

The central thickened discharge method of tailings deposition involves the discharge of
thickened tailings from one or more towers located within the tailings retention area and the
collection of supernatant liquor and rainfall from the perimeter embankment. Prior to
discharge, the tailings are passed through a thickener in order to remove part of the tailings
liquor for return to the process plant or for disposal by evaporation.

The outer embankment would be approximately circular about the discharge towers and
would initially be constructed to a height of 2-4 m using materials removed from within the
storage area. The height of the discharge towers would be 30-35 m above natural ground
level, and the deposited tailings would form cone-shaped beaches around the towers.
Supernatant liquor and rainfall runoff would be recovered by a system of open drains, and
pumps operating at the outer embankment. A pipeline around the perimeter of the outer
embankment would convey the collected supernatant liquor back to the process plant or to
the evaporation ponds.

The potential advantages of the central thickened discharge method over the paddock
method include the following:

e Improved dewatering of tailings is possible prior to discharge, thereby increasing
opportunities for water recycling.

= There is greater operational flexibility in terms of accommodating varying rates of tailings
production.

e The system holds a greater volume of contained tailings for any given embankment
height.

The disadvantages of the central thickened discharge system, compared with the paddock

method, are:

= A greater land area may be required to store a given volume of tailings.

» Lined drains and other structures are required over the whole area to collect and drain
supernatant liquor.

The central thickened discharge method is currently undergoing trial on site, using Olympic
Dam tailings (Section 8.6.3). These trials will identify any technical difficulties associated
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with handling the thickened tailings and the feasibility of the method in general. If the
method proves feasible, it would be considered as an alternative to the paddock method.

3.8.2 Solid waste

Solid wastes arising from the mine site—including tyres, paper, packaging, timber pallets,
drums, concrete and domestic wastes (e.g. food scraps)—would continue to require disposal
following the Expansion Project. All waste generated on site is defined as radioactively
contaminated and cannot be removed without the specific approval of WMC's statutory
Radiation Safety Officer.

The existing programmes established to reduce the quantity of waste going to the on-site
landfill would be maintained. These programmes include the sorting of waste and the
recovery, reuse or recycling of waste where possible.

The Roxby Downs township operates a landfill for disposal of collected domestic refuse.
This landfill would continue to be operated following the Expansion Project. Waste
minimisation practices currently undertaken at the landfill include the segregation of garden
wastes (e.g. tree loppings) and processing of these by the Community Tidy Towns team for
use as garden mulch. Proceeds from donations for the mulch go to the Royal Flying Doctor
Service.

The existing landfill operations do suffer from some wind scattering of lighter refuse,
principally plastic bags. Changed management measures, including modified tipping layouts
and daily covering with sand, are currently being investigated to control this problem.

Solid waste management is discussed in greater detail in Section 11.5.

3.8.3 Wastewater

For the expanded project, sources of wastewater would continue to be:
* process wastewater, site laboratory wastes and equipment washdown
« saline groundwater seepage into the underground mine

* stormwater runoff from roofs and paved areas

« sewage from the mine, plant, workshops and offices

« sewage from the Roxby Downs township and the Olympic Dam Village.

Process wastewater disposal

Wherever possible, all process wastewater is currently recycled within the process plant to
recover valuable mineral constituents and reduce water consumption. As described further
in Chapter 4, the cost of providing water at Olympic Dam is high, resulting in an economic
incentive to minimise water use. Measures that have been investigated in earlier feasibility
studies to further reduce water use are discussed in Section 3.12.

The principal constraint to water reuse in the process plant is the build-up of dissolved salts,
especially chlorides, which affect the metallurgical treatment process. Process water that is
no longer suitable is pumped to the tailings retention system together with the tailings.
A portion of the process wastewater evaporates on the tailings beaches, as described above,
with the remainder (together with collected rainfall) decanted from the tailings supernatant
pond for disposal by evaporation in lined evaporation ponds.

The Expansion Project would require the construction of a third four-cell evaporation pond
of 50 ha if the paddock method is used for tailings storage. The location of this additional
evaporation pond is shown in Figure 3.7. This additional evaporation pond would not be
required if the central thickened discharge tailings storage system is adopted.



Mine water

Groundwater that infiltrates into the underground mine workings and mine water used
for drilling would continue to be collected in sumps and pumped to the surface mine
water settling ponds. The water would then be reclaimed for reuse underground in the
drilling machines, and for dust suppression in the mine and process plant and on the
unsealed haul roads. The regional groundwater is highly saline, having a quality of 20,000~
40,000 mg/L of total dissolved solids, and hence is not suitable for process or potable water use.

Currently, the amount of groundwater collected exceeds the mine’s requirements. Excess
mine water is pumped to the mine water disposal pond, where it partly infiltrates the ground
and partly evaporates. The location of the existing mine water disposal pond is adjacent to
the tailings retention system, and within the cone of groundwater depression (Section 4.7)
surrounding the mine.

The expanded mine workings would result in a greater inflow of groundwater and
consequently a greater quantity of excess water requiring disposal. A new 30 ha mine water
disposal pond would be constructed to the north-east of the Whenan Shaft (Figure 3.7). The
location of the new facility takes the following into consideration:

» The existing location affects the groundwater monitoring undertaken for the tailings
retention system, whereas the new location provides sufficient distance between the two
facilities to avoid this interference.

» The new location allows the facility to be expanded as necessary to dispose of the greater
quantity of collected groundwater.

The new mine water disposal pond would consist of an embankment of 3 m in height
constructed of locally available material. Little or no treatment of the pond base would be
provided, as infiltration is considered to be an effective and environmentally benign method
of disposal.

Stormwater runoff

Stormwater collected in the bunded parts of the metallurgical plant is presently recovered by
pumping it into the process water system. This practice would continue in the expanded plant.

Stormwater runoff from other impervious areas within the plant is currently directed to
unlined sumps and allowed to infiltrate and evaporate. Collection and use of this water is
undertaken following major rain events, although this has been infrequent owing to the low
level of rainfall in the region. The expanded plant would continue to use this method of
disposing of stormwater runoff.

Sewage

Sewage from the mine, plant, workshops and offices is currently collected, subjected to
primary treatment and evaporated. Sewage from remote locations is treated and disposed of
locally in septic tanks.

The operations sewage collection and treatment system would be upgraded for the Expansion
Project to cater for new site layouts and an additional workforce. The upgraded facilities would
make provision for reuse of this water, either for landscape watering or for process water.

The sewage collected from the Roxby Downs township is given primary treatment followed by
further treatment in lagoons, and is then used for irrigation of the golf course, ovals and other
grassed recreational areas. The demand for treated effluent for this purpose currently exceeds
the quantities available, a situation that is expected to continue after the Expansion Project.

The Olympic Dam Village area currently has three sets of sewage lagoons, one located
adjacent to the airport, and the other two adjacent to the industrial area.
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The lagoons adjacent to the airport would be retained but would be used only for emergency,
because of concerns about attracting birds. The lagoons adjacent to the Lavricks light
industrial site would remain unchanged, while those adjacent to the industrial area would be
used to service the revamped Olympic Dam Village area, except those parts of the village
already served by the industrial area lagoons.

It is planned to provide a sewage treatment plant in conjunction with the existing lagoons
which are adjacent to the industrial area, to provide additional treated effluent. This effluent
would be available for landscape watering,

3.8.4 Emissions to air

Emissions to air following the Expansion Project would generally be similar to the
existing plant but at a higher rate owing to the increased processing rate. However, for sulphur
dioxide, the use of improved emission control technology would result in a reduction
in emissions.

A range of control equipment would be used to ensure that emissions remained within the
State standards and national guidelines. These control systems, which would include fabric
filters, venturi scrubbers and electrostatic precipitators, are described in Section 3.5. Fugitive
emissions would be controlled by enclosing equipment, and by using water suppression
sprays and fabric filter collectors.

A comprehensive discussion of air emissions, including emission inventories and dispersion
modelling, is provided in Chapter 9.

WMC has made a commitment to participate in the Greenhouse Challenge programme.
Work is currently progressing within all divisions of the company to allow an agreement to
be signed with the Commonwealth Government in the second half of 1997. The main thrust
of this programme is to reduce the consumption of energy in WMC's operations, thus
reducing the emission of gases with global warming potential, including carbon dioxide,
methane and nitrogen oxides.

The Copper Uranium Division of WMC has determined its greenhouse gas emission
inventory, and is currently developing action plans for the reduction of energy consumption
at Olympic Dam. Particular attention is being paid to the Expansion Project, with the aim of
designing for energy efficiency at the earliest stage of the project.

The predicted effectiveness of action plans for energy consumption reduction is
demonstrated by the expected carbon dioxide emission rates given in Table 3.6. These rates,
which include carbon dioxide emissions associated with generation of electricity used on
site, show a reduction in emission rates per tonne of ore milled of about 15% following
expansion to 200,000 t/a copper, and a further reduction of 18% following expansion to
350,000 va.

Table 3.6 Inventory of carbon dioxide emissions'

Carbon dioxide emissions

Copper production Ore milled
® (Mb) Total Per tonne ore milled
(t) ()
83,050 3.0 398,023 0.13
200,000 9.0 975,280 0.11
350,000 17.0 1,494,584 0.09

I Includes carbon dioxide associated with generation of electricity used on site.



3.8.5 Noise sources

The principal noise sources associated with the Expansion Project would be:

« ventilation fans, conveyor belt drives, head frames and ore handling

« grinding mills and motors in the concentrator and hydrometallurgical treatment plant

* smelter operation, including blowers and burners

* quarry operations and the backfill plant

» traffic.

Specifications for all new equipment would include requirements relating to noise control.

The generally applicable noise level for plant is 83 dBA at 1 m on a twelve-hour basis. This
is equivalent to 85 dBA for eight-hour exposure.

The goal for noise exposure of operators is 80 dBA or less, and this criterion is used as a
design figure. Where these noise levels are not achievable, hearing protection must be used.
Areas above 83 dBA would be signposted.

Owing to the distance of the operation from the Special Mining Lease boundary,
environmental noise levels at the boundary would be well within accepted criteria. Noise is
discussed further in Section 9.5.

3.8.6 Heat

Heat emissions would arise from all areas of the expanded plant where energy is consumed.
This includes chemical energy liberated in the smelter by the oxidation of copper
concentrates. Table 3.7 summarises the energy use of the existing and expanded operations.

Table 3.7 Site energy use (GJ/a)

Copper production rate

Energy type Existing (1995-96) —

200,000 t/a 350,000 t/a
Electricity 1,165,931 2,960,926 4,443,500
Diesel/fuel oil 753,394 1,207,299 1,801,591
Petrol 7,398 7,414 7,732
LPG 405,034 1,157,667 1,763,418
Coke 58,077 237,086 614,672
Concentrates 330,000 929,263 1,667,922
Sulphur 55,387 646,273 1,115,086

3.9 PROJECT INFRASTRUCTURE

The following sections summarise the infrastructure requirements of the expanded project.
Greater detail is provided in Chapter 11.

Power supply

The power supply for the project expansion to 150,000 t/a copper would be based on
electricity supplied from the State grid via an existing 132 kV transmission line and a 275 kV
transmission line from Port Augusta currently under construction. The latter was approved
in principle in the 1983 EIS, subject to Aboriginal heritage investigations and consideration
of potential alternative routes. Construction of the 275 kV transmission line is expected to
be completed in January 1998.
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These studies were undertaken, and the line is being constructed incorporating minor
deviations in the route as identified in subsequent route surveys and consultations with
Aboriginal groups and landowners. All aspects of the transmission line were approved by
the State Government prior to commencement of construction. Environmental management
issues during construction are discussed in Section 11.2.

The existing 132 kV transmission line and the 275 kV line currently under construction will
be adequate for production of 200,000 t/a copper, and for 285,000 t/a copper using imported
concentrates. Additional transmission capacity would be provided for the possible future
expansion to 350,000 t/a copper production, to ensure security of the power supply. This
would involve the provision of a second 275 kV line by decommissioning the existing 132 kV
transmission line and replacing it with a new 275 kV transmission line paralleling the 275 kV
line presently under construction.

Water supply

Water supply for the existing and expanded project would continue to be based on water
extraction from the Great Artesian Basin. There would be some expansion of the reverse
osmosis desalination plant that currently supplies potable water to the Roxby Downs
township, Olympic Dam Village and the plant site.

The approvals process used to obtain the special water licences is described in Section 1.3.
Water supply infrastructure requirements for the Expansion Project are described in greater
detail in Chapters 4 and 11.

Other infrastructure

The expanded project would use the existing roads, airfield and communications
infrastructure without any further upgrading of these facilities. The current extent of
landscaping and fencing would also be maintained.

There is no specific aspect of the Expansion Project that would require an expansion or
modification of the health and safety services provided at Olympic Dam. However, the
health and safety of employees are constantly monitored, and ongoing improvement
programmes would be continued.

3.10 TOWNSHIP

The township of Roxby Downs and the village at Olympic Dam would be modified and
expanded in association with the Expansion Project. The scope of these changes is described
briefly below and in greater detail in Chapter 11.

3.10.1 Expansion to 200,000 t/a copper

The first phase expansion to 200,000 t/a copper production would result in up to an
estimated 181 additional full-time employees and contractors at the operations and up to 72
further indirect employment opportunities at Roxby Downs. This would require the staged
development of up to 253 additional allotments to the south of the existing township. The
Roxby Downs township was recently expanded to the east by the creation of 101 additional
residential blocks. This development was required to satisfy existing demand not associated
with the Expansion Project.

Additional changes to Roxby Downs township and Olympic Dam Village that would occur
as part of the expansion include:

¢ closure of the caravan park at Olympic Dam Village;

» establishment of a new caravan park at Roxby Downs;



« expansion of the existing single persons’ quarters at Roxby Downs;

« construction of a medical facility at Roxby Downs by the State Government, in
accordance with the amendments to the Indenture;

 upgrade of the existing construction camp facilities at the existing Construction Camp 1 and
Camp 2 sites.

3.10.2 Expansion to 350,000 t/a copper

Expansion to a production rate of 350,000 t/a copper is estimated to result in up to an
additional 506 full-time employees and contractors at the operations. On the basis of the
200,000 t/a expansion, it is expected that a further township expansion to the south,
involving approximately 700 residential lots, would be required to house this workforce.

3.11 CONSTRUCTION

Construction would involve the progressive development of the underground mining
operations and the installation of additional processing facilities on the surface. Figure 3.17
shows the construction schedule as approved by the WMC Board, and the mine production
schedule for development up to a production rate of 200,000 t/a copper. This figure shows
that processing capacity at this level would be achieved by March 1999. At the same time,
the mine production would only be about 6.5 Mt/a, supporting a production rate of about
150,000 t/a copper.

Full production at 200,000 t/a copper is planned to be achieved by the year 2000 following
a construction period of two and a half years. However, WMC is implementing an
accelerated construction programme which should shorten the construction period to less
than two years. The timing of potential further expansion to 350,000 t/a copper would be
determined after further study of markets for the products and production costs for the
expanded operations.

The WMC Board has made no formal decision on the possible future expansion to 350,000 t/a
copper. However, in this EIS it has been assumed for water abstraction and economic
modelling purposes that 350,000 t/a copper production would be achieved in 2010. This
programme, if adopted, would require construction to commence in 2008.

The construction strategy for both phases of expansion would involve the maximum possible
use of prefabrication off site. Two or three suitable locations would be identified to carry out
this work, which would include total fit-out and testing prior to transporting the
prefabrication units to site. Locations with sufficient infrastructure and workforce skills to
undertake prefabrication include Adelaide, Whyalla and Port Augusta.

All construction materials would be transported to the site by road. The construction strategy
of prefabricating as much as possible off site would necessitate some transport to site of
oversize loads. The size of these loads would be restricted in order to avoid having to clear
vegetation or remove infrastructure along the transport route. Each oversize load would also
be subject to conditions specified in all the permits and escort provisions required by the
relevant authorities.

The policy for the Expansion Project is that South Australian services and labour would be
utilised as far as is reasonable and economically practicable. Technical and quality
considerations, and the ability to deliver on time and within a tight project schedule, would
also be taken into account.

The envisaged site construction workforce numbers for expansion to 200,000 t/a copper
would involve a peak site workforce requirement of approximately 1,200 construction
personnel and 100 construction management staff.
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Apart from locally based contractors, all construction personnel would be accommodated in
Olympic Dam Villages 1 and 2. The villages would be located at the sites of the existing
Construction Camps 1 and 2. The expanded and revamped villages would include
recreational facilities and a limited range of shopping facilities for the convenience of the
construction workforce. In addition, preference would be given to fly in/fly out arrangements
for contractors in order to minimise the amount of recreational time on site.

All construction personnel would receive an induction into the site requirements prior to
starting work on site. The induction would include site procedures on the following:

» environmental management;

= protection of sites of Aboriginal heritage;

* radialion exposure management;

» behaviour in relation to local communities and pastoralists;

+ other issues relating to occupational health and safety, particularly issues pertaining to
construction adjacent to operational plant.

Construction personnel found to be knowingly in breach of site procedures would be

immediately dismissed from the site.

All construction materials, with the exception of soil used for earthworks, would be sourced
off site from established suppliers with sufficient capacity to meet the project requirements.
Wherever possible, earthworks on site would be designed to balance cut and fill
requirements, thereby minimising the need to dispose of surplus soil. Existing procedures
that control ground disturbance and clearing (Section 2.5) would be applied to construction
activities for the Expansion Project.
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Up-to-date Australian Standards would be used for design and construction of the Expansion
Project, including provisions for structural stability under seismic conditions. Where
Australian Standards do not exist, the appropriate international or industry standard would
be adopted.

The generation of construction wastes would be minimised by removal of unused building
materials off site for use elsewhere. Construction wastes that cannot be recycled would be
disposed of in existing landfills at Olympic Dam and Roxby Downs (Section 11.5).

The effects of dust, vibration and noise generated by construction activities would be
mitigated by:

« watering of disturbed areas and unsealed roads to control dust;

« providing restrictions on the maximum noise levels of each item of construction
equipment in construction contracts;

« restricting activities that may cause noticeable vibration off site to normal working hours.

Visual and aesthetic impacts of the construction activities, and of the completed facilities,
would be mitigated by the presence of the existing plant.

3.12 ALTERNATIVES CONSIDERED

The 1983 EIS considered practical alternatives for the following areas of project
development:

¢ mining methods

» metallurgical process routes, with an option to extract copper only
» tailings disposal methods

* water supply sources

¢ power generation

* town sites.

Since publication of the 1983 EIS, project development has proceeded as described in
Chapter 1, and many of the previous alternatives are even less practical now owing to the
investment made in existing facilities. The remaining practical alternatives considered in the
feasibility studies for the Expansion Project are described below.

3.12.1 Mining methods

The principal alternative mining methods considered were vertical crater retreat and sublevel
caving. Vertical crater retreat mining involves the firing of point charges in vertical or near
vertical boreholes to remove a series of horizontal slices from the back of the stope. This
method has the advantage of requiring the minimum development for drill access, but was
rejected because of the difficulty of removing radon from stope sills (bottom access
openings). It is also inclined to cause increased ore loss and dilution.

Sublevel caving involves the creation of an opening that is too big to support itself, and
that caves in a controlled manner. The caving is controlled by the rate at which broken
ore is withdrawn from the bottom of the stope. In the right circumstances, sublevel
caving is one of the least expensive of underground mining methods, but was rejected
in this case because the strength of the Olympic Dam ore would make control of
caving difficult.
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3.12.2 Metallurgical processes

During the life of the project, detailed reviews of alternative metallurgical processes have
been undertaken. The principal alternative processes considered for the Expansion Project
were:

« pressure leaching of ore
« roasting, leaching and electrowinning of concentrate
« concentrate leaching.

These are discussed briefly below.

Pressure leaching

Pressure leaching involves the use of autoclaves operated at high temperature (220°C), high
pressure and acid conditions. These aggressive process conditions present engineering
difficulties, although the process is being used elsewhere for the recovery of gold, and has
been developed for nickel laterite ores.

The advantage of pressure leaching is that there are no smelter emissions. However, the
disadvantages include higher water use, lower utilisation of inherent energy because of the
generation of low grade heat, and higher energy consumption in the refinery, which would
be totally by electrowinning rather than mainly by electrorefining. The technology is also not
sufficiently proven at present for application to copper extraction from Olympic Dam ore.

Roasting, leaching and electrowinning

The roasting, leaching and electrowinning process involves the roasting of copper
concentrates to remove sulphur, and leaching to prepare a copper solution for copper
recovery by electrowinning. The mineralogy of Olympic Dam concentrates presents some
difficulties in the control of the roasting process.

The roast/leach/electrowin process would not have any significant advantages for Olympic
Dam. The roasting section would generate sulphur oxides and dust, requiring air pollution
control systems not dissimilar to that for the proposed smelter system. The recovery of
refined copper by electrowinning would have a higher energy demand than smelting and
electrorefining,

Concentrate leaching

A number of concentrate leaching processes were considered. In these processes,
concentrates are subjected to hydrometallurgical treatment, for extraction and recovery of
copper. WMC has participated in research work into these processes. At present these
processes show some promise, but the commercial risks for a large project such as Olympic
Dam are unacceptable to WMC.

The concentrate leach processes have the advantage of avoiding the need for a smelter or
roaster, with their attendant air emission control systems. The disadvantages are a significantly
higher water use, the need for extensive water treatment facilities, and the generation of sludge
streams that are more difficult to handle than the stable slags from a smelter.

Preferred process

The conclusion of the review was that the known concentrator/smelter/hydrometallurgical
process as used in the existing Olympic Dam plant would be the most suitable for the
Expansion Project, and that alternative processes would include an unacceptable level of
technical and commercial risk. The environmental and radiation management requirements
for the existing process are also very well understood.



However, WMC continues to review new developments in mineral processing, and funds
research as considered appropriate into new and improved technology. One such current
project is the funding of work by the Australian Nuclear Science and Technology
Organisation (ANSTO) into means of reducing ?'Po emissions in the smelter by improving
extractions in the hydrometallurgical plant.

3.12.3 Tailings management

An alternative does exist for the management of tailings involving the deposition by central
thickened discharge. This option, discussed in greater detail in Chapter 8, is currently
undergoing trial on site, using Olympic Dam tailings. Pending the results of these trials, the
proposed tailings management method for the Expansion Project is expansion of the existing
facilities using the paddock method. If the central thickened discharge method proves
feasible, it would be considered as an alternative to the paddock method.

3.12.4 Acid liquor recycle

The possibility of installing an acid liquor recycle plant was examined in detail in feasibility
studies for the Expansion Project. The neutralisation of the acid liquor was proposed to be
achieved by the use of calcined dolomite. The quantity of water treated was proposed to be
2.8 ML/d, and the potential water saving identified was 2.4 ML/d.

The detailed review indicated potential engineering problems in the handling and disposal
of the gypsum that would be formed, and potential problems with increased chlorides and
other contaminants in the recycled water which could adversely affect performance of the
metallurgical plant. It was concluded that the acid liquor recycle proposal was not feasible
at this time.

Alternative means of obtaining water savings would be investigated further in the detailed
design stage. The main measure proposed is the adoption of high solids density thickeners
in the hydrometallurgical plant. The latter reduces the overall quantity of process liquor in
circulation, thus reducing the overall process water use. Other potential measures for water
savings would also be investigated further.

3.12.5 Power generation

An alternative method of power generation, using on-site turbines fuelled by natural gas from
the Cooper Basin, was considered in feasibility studies for the Expansion Project. The studies
concluded that this option was not economic when compared to the chosen alternative of
100-130 MW of power supplied from Port Augusta via a 275 kV transmission line. In
addition, there could be significant delays involved with route selection and the resolution
of environmental issues associated with construction of a gas pipeline to the plant site.

This alternative will, however, be subject to re-examination in future should the economics
of current arrangements change significantly. If this option is proposed in future, it would be
subject to a separate environmental impact assessment process.






WATER MANAGEMENT

CHAPTER

This chapter discusses the issues relating to water management for the Expansion Project. In particular,
the project’s future water requirements are examined, including the effects on the Great Artesian Basin,
which would continue to be the principal source of water for future operations. The chapter also
discusses the effects of the Expansion Project on the groundwater within aquifers underneath the Special
Mining Lease.

4.1 EXISTING WATER SUPPLY SYSTEM

4.1.1 Water sources and infrastructure

Water for potable and process uses at the Olympic Dam operations and the Roxby Downs
township is sourced from two borefields—Borefield A and Borefield B (Figure 4.1)—which
are operated under special water licences issued under the Indenture. Approvals are in place
for the continued operation of Borefields A and B. Future rates of abstraction from the
borefields will be maintained within the requirements of the special water licences.

Both borefields abstract water from the Great Artesian Basin aquifer, which is described
further in Section 4.2. In addition to these borefields, the Olympic Dam operations are also
able to source saline water from:

* dewatering of the underground mine workings;

* a borefield adjacent to the mine facilities established in the early years of mine
development.

Borefield A and Borefield B would continue to be the source of potable and process water
for Olympic Dam and Roxby Downs following the Expansion Project. The existing water
sources and associated infrastructure are described below.

Borefield A

Borefield A comprises nine production bores and nineteen observation bores. The locations
of these bores, the pipeline system and the pump stations are shown in Figure 4.2. This figure
also shows the boundary of the Designated Area, which is used to define agreed limits on
drawdown of aquifer pressure under the Borefield A Special Water Licence. The Special
Water Licence is described further in Section 4.2.

The abstraction history of Borefield A is given in Table 4.1. Between 1982 and 1987, six production
bores (the southern and central bores) were constructed, flowing under artesian pressure to
a central transfer pump station (PS1A). The bores were equipped with pumps in 1987. In 1992
three additional production bores (the northern bores) were installed at the southern shore of
Lake Eyre South.

The current abstraction rate from Borefield A has been reduced following commencement of
the commissioning of Borefield B in November 1996, and is at present approximately
5-6 ML/d.
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Borefield A infrastructure includes a pipeline system that transfers water from the bores to the
main pump station (PS1A) located near GAB6. A single main pipeline, designated M1,
conveys water from PS1A at Borefield A to Olympic Dam, a distance of approximately 107 km.
The M1 pipeline system incorporates two main pump stations:

* PSTA—located at the start of the pipeline at Borefield A, adjacent to bore GAB6

» PS1B—located part way along the pipeline, approximately 34.5 km from PSTA.

The section of the M1 pipeline from PSTA to the booster pump station, PS1B, is designated
M1A, and the section from PS1B to Olympic Dam is designated M1B.
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Table 4.1 Summary of abstraction history of Borefield A

Average abstraction rates

(ML/d)

Period S

Southern bores Central bores Northern bores Total

GABG, 15, 16 GAB12, 14,18 GAB30, 31, 32
1983-86 1.30 0 0 1.30
1986-87 2.30 0 0 2.30
1987-88 2.34 2.08 0 4.42
1988-89 4.27 4.56 0 8.83
1989-90 5.68 4.30 0 9.98
1990-91 6.25 4.39 0 10.64
1991-92 5.67 4.39 1.57 11.63
1992-93 5.60 3.98 3.01 12.59
1993-94 4.50 3.14 4.46 12.10
1994-95 4.72 437 4.43 13.52
1995-96 4.67 5.40 4.92 14.99

GCAB = Great Artesian Basin.

Borefield B

Borefield B (Figure 4.3) is being developed in two stages. Stage 1 of Borefield B has been
constructed, and comprises three production bores (GAB51, GAB52 and GAB53) installed to
depths of 700-800 m and approximately 5 km apart. Figure 4.3 also shows the locations of
the observation bores that have also been constructed and which are used for monitoring
changes in aquifer pressure.

Each production bore is expected to have an average yield of about 11.0 ML/d. So far, only
GAB51 has been connected and brought into service. This bore supplies water under
artesian pressure to pump station PS6A, which is located adjacent to the bore and is
equipped with a single diesel-powered pump.

The main pipeline from Borefield B, designated M6A, is approximately 113.5 km long.
It commences at pump station PS6A and presently terminates at its junction with the
M1 pipeline, approximately 80 km from Olympic Dam. The abstraction rate from Borefield B
since commencement of commissioning in November 1996 has been approximately
9-10 ML/d.

Stage 2 of the Borefield B development will see GAB52 and GAB53 connected and brought
into service, together with the construction of pipeline M6B to Olympic Dam and a new
pump station (PS6B) at the junction of the M1 and M6A pipelines.

Mine dewatering

Groundwater drains into the mine through various mine openings (the ventilation shafts, the
Whenan Shaft, the Robinson Shaft and the service decline) where they pass through the
aquifers in the surrounding rocks. Air pumps are used to direct water away from the service
decline headings, and small submersible pumps are used to move water from collection and
settling sumps to main dams.

Three main pump stations are established in the mine, each capable of pumping water
directly to the surface. The first installation, comprising two pumps, is located 420 m
below ground level (RL -320 m AHD when converted to the reduced level of Australian
Height Datum) adjacent to the Whenan Shaft. A secondary emergency pump station
with one pump is located to the west of the shaft at approximately 450 m below ground
level (RL -350 m AHD), and is designed to store and pump overflow water from the first



—  — —

FIGURE 4.3
BOREFIELD B LAYOUT

Naote: Refer to Figure 4.2 for Borefield A layout
—-=-— Borefield ADesignatedArea & Observation bore

+ -
N o 0

pump station as required. A third installation, with two pumps, is located 500 m below
ground level (RL —400 m AHD).

Owing to its high salinity (total dissolved solids of about 20,000-40,000 mg/L), the collected
mine water has limited use, except in underground drilling and for dust suppression on roads
and within the plant and mine. The remainder of the mine water is pumped to the mine
water disposal pond, currently located adjacent to the tailings storage facility. The current
rate of disposal is approximately 3.2 ML/d.

A new mine water disposal pond located north-east of the Whenan Shaft is to be constructed
in late 1997.
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Saline water borefield

Four production bores in the area south of the Whenan Shaft were drilled, tested and
equipped in late 1988 as a supply of saline water. These bores have a total capacity of
approximately 2 ML/d.

In recent years, because of the surplus of saline water from mine dewatering, only limited use
has been made of the saline water borefield on site. Recent abstractions have been

intermittent, with the average rates in the range 0.09-0.30 ML/d.

4.1.2 Water use

The current total water use from Borefield A and Borefield B is approximately 15 ML/d. This
water use is shown schematically in Figure 4.4.

Potable water is produced in the desalination plant using reverse osmosis technology. This
water meets the guidelines for potable water set out by the Agriculture and Resource
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Management Council of Australia and New Zealand (National Health and Medical Research
Council, and the Agriculture and Resource Management Council of Australia and New
Zealand 1996) and the World Health Organization. In Figure 4.4, ‘Roxby Downs town
reticulation’ refers to wélt'er consumed in the town of Roxby Downs and the Olympic Dam
Village for domestic purposes; ‘plant and mine area reticulation” consists of separate potable
and process water systems. Potable water is supplied to the mine, metallurgical plant and
central services areas for use in ablution and other employee facilities and in processing
where desalinated water is required.

Process water is used in the metallurgical plant for processing purposes. It comprises raw
water supplied from Borefields A and B and water of high salinity discharged from the
desalination plant. Process water represents about 70% of the water consumed by the
project. After use, this water is discharged to the tailings storage facility and evaporation
ponds, as described in Chapter 8.

4.1.3 Water cost

The cost of supplying water to the operations at Olympic Dam is high in comparison with
the charges levied by water utilities providing water for industrial and domestic uses to urban
centres in Australia. This comparison reflects the high costs associated with installing and
operating an extensive water supply scheme in a remote and arid location.

Because the water extracted from Borefields A and B is not of acceptable quality for potable
use, part of the supply must undergo further treatment to attain this standard, which incurs
greater capital and operating costs.

The calculation of the unit cost of water for Olympic Dam operations has been based on the
cost of developing Borefield B to meet a production rate of up to 200,000 t/a copper. The
results are given in Table 4.2.

Table 4.2 Water costs at Olympic Dam'

Process water Potable water

st ¢ t
Cost componen S/kL) $/kL)
Capital cost? 1.25 1.62
Operating cost 0.36 0.78
TOTAL 1.61 2.40

| Based on development and water use for 200,000 t/a copper production.
2 Amortised over twenty vears with a nominal 10% interest on capital.

As a comparison with the cost of water at Olympic Dam, domestic consumers of water at
Roxby Downs are charged $0.88/kL, which is based on Adelaide water pricing. The cost of
process water at Olympic Dam is thus nearly twice that of Adelaide water, and the cost of
potable water is nearly three times that of Adelaide water.

During the course of preparing this EIS it became evident, through media reporting, that some
people believed that WMC obtained water cost-free from the Great Artesian Basin, and
should therefore pay some form of royalty or water charge. Contrary to this belief, water is
obtained for Olympic Dam at significant cost, particularly in comparison with domestic
consumers elsewhere in South Australia.

Domestic consumers in cities and regional centres are levied water charges because the
infrastructure necessary to source, treat and distribute potable quality water is provided by
government or water utilities. The infrastructure provided may include dams, borefields,
treatment plants and distribution pipework. The water charges levied to these consumers are
to meel the cost of capital investment in infrastructure, the costs associated with its operation
and a financial return on the investment.
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At Olympic Dam, the cost of the water supply infrastructure and its ongoing operation has
been and still is funded directly and totally by WMC. The expenditure by WMC s
considerable, totalling approximately $100 million to date. The high cost of supplying water
to Olympic Dam provides a strong incentive for implementation of water minimisation
programmes.

4.1.4 Minimisation of water use

Water minimisation programmes continue to be implemented at the Olympic Dam site and
at the Roxby Downs township. The programmes implemented to date and their effectiveness
are described below.

Olympic Dam

The approach adopted to reduce water consumption at the Olympic Dam operations has
involved:

« developing work practices to become more water-efficient;
« substituting lower quality recycled water where practicable;

« modifying metallurgical processes to reduce water consumption or increase water
recovery. These modifications have been largely undertaken as part of the two
optimisation programmes completed in 1992 and 1995 (as described in Section 1.2).

Water use at Olympic Dam is reported as a function of the tonnage of ore milled. Figure 4.5
shows the historical water consumption per tonne of ore milled, demonstrating that water
consumption has reduced from 2.10 kL/t (annual average from July to June) in 1989-90 (the
first full year of production) to 1.57 kL/t in 1995-96. The water consumption figures include
both process and potable water used at the mine and metallurgical plant.

The reduction in water consumption has occurred in two phases, the first being a consistent
decline culminating in 1993 with a period of reasonably consistent water use of about
1.64 kL/t. A second reduction in 1995-96 followed a period of elevated water use during
the commissioning period of new plant.
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Roxby Downs

The approach adopted to reduce water consumption at the township of Roxby Downs has
involved:

* reusing treated sewage effluent for watering sports fields and the golf course;

* introducing educational programmes for the town residents that stress the need for water
conservation and the means by which this can be achieved;

» encouraging residents to establish gardens with low water requirements, in particular by
using native plant species.

Water use at Roxby Downs is reported as a function of the number of residents. Figure 4.6
shows the monthly and annual water consumption per resident at Roxby Downs and the
Olympic Dam Village since July 1987, demonstrating that this consumption varies
significantly with seasonal changes, with the peak water consumption per person in summer
being approximately 2.5 times the minimum in winter. Figure 4.6 also demonstrates the
effectiveness of water minimisation programmes after 1993, which have offset the previously
increasing trend in water use.

4.1.5 Constraints to further water recycling

Owing to the high cost of supply, the processing facilities at Olympic Dam were designed
and built, and are being operated, to be efficient in the use of water. However, the
continuous reuse of process water results in the build-up of salts (particularly chlorides) and
other contaminants, which originate either from the initial water source or from the ore or
process chemicals used. Eventually the concentrations of some salts and other contaminants
become so high that they have detrimental effects on process efficiency.

Table 4.3 summarises the current constraints on increased reuse of process water.

WMC will continue to research and develop methods to reduce consumption and to
encourage water conservation through educational programmes for employees and other
Roxby Downs residents.
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Table 4.3 Current constraints on increased reuse of process water

Contaminant Source Constraint
Chlorides and total Process water, ore, Build-up of chloride ions in process water
dissolved solids process chemicals interferes with uranium extraction

in the solvent extraction plant

Acids Sulphuric acid used for leaching Acidic water cannot be recycled
uranium and residual copper to the concentrator
from the concentrate tailings stream

Organics Solvents from solvent extraction Organics in recycled water interfere with the
plants, domestic wastewater flotation process in the concentrator, and may

also damage rubber linings on process equipment

Calcium and iron Ore, process water Fouling of process equipment results from
precipitation and build-up of calcium
compounds, largely as calcium sulphate
(gypsum), and of iron compounds, largely as
jarosite-type complexes, downstream of the
leaching operation

4.2 GREAT ARTESIAN BASIN

4.2.1 General description

The Great Artesian Basin (Figure 4.7) underlies approximately 1.7 million km? of central
Australia (approximately one-fifth of the total land mass of mainland Australia) across
Queensland, New South Wales, South Australia and the Northern Territory (Habermehl 1980).
Approximately 350,000 km? of the basin lies in South Australia (approximately one-third of the
area of the State). The total water storage of the Great Artesian Basin is estimated to be
8,700 million ML (Sibenaler 1996).

The Great Artesian Basin is a groundwater basin comprising quartzose sandstones and
confining beds of marine mudstone and siltstone of Triassic, Jurassic and Cretaceous age.
Groundwater is present in aquifers at depths ranging from a few metres to more than 2,000 m
below the surface (Australian Bureau of Agricultural and Resource Economics et al. 1996).
An example of an artesian basin in cross-section is given in Figure 4.8.

The basin is asymmetrical in shape, elongated north-east to south-west and tilted down
towards the south-west. Tertiary uplift along the eastern margin and subsidence along the
western margin and core have caused this asymmetry and the resultant dominant south-west
flow of groundwater.

The main aquifer in South Australia associated with the Great Artesian Basin occurs within
the Eromanga Basin and comprises sand, silt and gravel of the Algebuckina Sandstone and
Cadna-owie Formation. The latter is overlain by Bulldog Shale, forming a semi confining
bed. The Algebuckina Sandstone aquifer is a leaky confined aquifer, with pressure
maintained by rainfall recharge in areas of outcrop primarily associated with the Great
Dividing Range in Queensland, although minor recharge occurs around the southern and
western margins.

In the north of South Australia, the aquifer thickens markedly, reaching in excess of 750 m
where it is underlain by the generally fine-grained Poolowanna Beds and Simpson Desert
basin sediments. In the north-east of South Australia, the low permeability Cooper Basin
sediments underlie the aquifer sequence, which is split by the fine-grained Birkhead
Formation into the upper Mooga Formation and lower Hutton Formation.

Groundwater flow rates through the Great Artesian Basin have been reported as 1-5 m/a;
hence water movement through the sandstone aquifers is extremely slow. Artesian water has
been dated at ages of almost 2 million years for the oldest water in the south-western part of
the basin (Sibenaler 1996).
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Groundwater discharges naturally through artesian springs (often referred to as mound
springs), and through subsurface flows (vertical leakage) into other strata and then to areas of
direct evaporation. Mound springs occur where the aquifer outcrops (e.g. Welcome and
Davenport spring groups, near Marree) or where major geological structures such as faults
have connected the aquifer to the surface (e.g. Dalhousie Springs in northern South
Australia).

Figure 4.7 shows the location of major mound spring groups associated with the Great
Artesian Basin. Section 7.4 provides detailed information on the ecology associated with the
mound springs.

Recharge and discharge rates for the entire Great Artesian Basin are currently close to
equilibrium, and are estimated to be in the range of 2,630-2,930 ML/d (R. Habermehl,
Australian Geological Survey Organisation, Canberra, pers. comm., January 1997). The
discharge rate comprises (approximately):

e 1,200-1,500 ML/d from flowing bores

e 1,300 Ml /d vertical leakage

* 130 ML/d natural discharge from mound springs.

The Australian Geological Survey Organisation is currently working on a new computer

modelling study to refine and enhance the calculation of recharge into and discharge out of
the Great Artesian Basin.

The recharge and discharge rates for the South Australian portion of the Great Artesian Basin
are presently estimated to be in equilibrium, equivalent to a rate of 425 ML/d (Sibenaler
1996). The current discharges include:

190 ML/d vertical leakage to surface evaporation;

132 ML/d from flowing bores, mainly associated with the pastoral industry;

66 ML/d through natural discharge from mound springs, including 54 ML/d from
Dalhousie Springs;



e 22 ML/d as part of oil and gas abstraction at the Cooper Basin operations;

* 15 ML/d abstracted for the Olympic Dam operations.

Further sustainable development of the Great Artesian Basin as a water resource is believed to
be possible in South Australia through the use of strategically placed bores that ‘harvest” water
that would normally be lost by vertical leakage to surface evaporation. The development of
the existing WMC borefields is a practical application of this theory. These borefields were
located with the assistance of mathematical modelling of the Great Artesian Basin aquifer,
taking into consideration vertical leakage, spring flows and abstractions by other users.

4.2.2 Water quality and temperature

Water quality varies markedly throughout the Great Artesian Basin, with the concentration of
total dissolved solids (salinity) generally in the range of 1,000-5,000 mg/L. Little of the water
is of potable or near potable quality, which has an upper limit for salinity of 1,000 mg/L.
Water quality in the Algebuckina Sandstone is generally of lower salinity, with the
concentration of total dissolved solids in the range of 500-1,500 mg/L.

Water within the Great Artesian Basin typically occurs as one of two types:
* bicarbonate-rich waters in most of the basin

» highly corrosive waters containing sulphates found on the western margin.

Groundwater temperatures are highly variable throughout, ranging between 30°C in the
shallower areas and 100°C in the deeper sections (Sibenaler 1996).

4.2.3 Groundwater use

Artesian water was first discovered in the Great Artesian Basin in 1878 in a shallow, flowing
bore south-west of Bourke. Many shallow bores were soon drilled, initially near springs at
the margin of the basin west of Lake Eyre (Habermehl 1980). Droughts and low water
supplies led to the drilling of many deep bores in South Australia from 1887 onwards.

With drilling and geological investigations indicating the presence of artesian water nearly
everywhere in the arid interior, it was possible to define the extent of artesian conditions
before the end of the nineteenth century (Habermehl 1980). By 1915, over 1,500 flowing
artesian bores had been drilled throughout the basin. Since then, artesian pressure and water
discharge rates have declined and the number of bores has increased.

The groundwater resources of the Great Artesian Basin support an extensive pastoral industry
as well as mining developments, regional centres and the naturally occurring mound springs.
It has been estimated that there are now 3,000 artesian bores over the entire basin (Sibenaler
1996). In South Australia there are approximately 220 artesian bores (excluding those of the
Cooper Basin and Olympic Dam operations) flowing at a rate of approximately 132 ML/day
(Sampson 1996).

It is estimated that less than 10% of this water is currently used effectively by the pastoral
industry owing to the poor condition of older bores that cannot be shut off as a result of
deterioration in the pipework and valves, and to the use of open drains to provide water to
livestock (Sibenaler 1996). The water management measures being undertaken by the State
and Territory governments, described in Section 4.2.4, have been developed to use water
more effectively in future.

4.2.4 Water management

The management of water abstraction from the Great Artesian Basin is the responsibility of
the governments of South Australia, Queensland, New South Wales and the Northern
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Territory, all of which have ongoing bore rehabilitation and management programmes. By
rehabilitating and managing bores, the waste of groundwater is being reduced and pressure
is being maintained or restored to the aquifer. The current programmes generally employ
three methods of mitigating flow loss, these being:

» abandonment—bores are backfilled with cement;
« rehabilitation—bores are relined and new bore-head equipment fixed;
« replacement—when rehabilitation is not practicable, a replacement bore is drilled

generally adjacent to the original, which is then abandoned.

South Australia

For the past twenty years, the South Australian Department of Mines and Energy (MESA) has
operated the Bore Rehabilitation Programme in the South Australian section of the Great
Artesian Basin to assist with the management of uncontrolled water flow. Since
commencement of this programme in 1977, 192 bores have been rehabilitated, with a
consequent water saving of approximately 105 ML/d. An additional twelve bores still require
extensive rehabilitation, and fifteen to twenty require minor work, which is expected to result
in a further estimated water saving of 20 ML/d (Sampson 1996).

To complement the bore rehabilitation programme and further reduce water loss, there is a
programme of installing pipework and watering points in place of the open drains that have
been used extensively in the past to distribute water over pastoral properties.

Queensland

The Queensland Department of Natural Resources is currently undertaking a programme of
bore rehabilitation named the ‘Great Artesian Basin Rehabilitation Project’, together with a
complementary programme, ‘Bore Drain Replacement Project’, which is aimed at
rehabilitating bore drains and pipework. In 1989, when the bore rehabilitation programme
commenced, 750 of the 2,300 working artesian bores in the Queensland portion of the Great
Artesian Basin did not have any means of flow control. In addition, much of the water
discharged into bore drains and was lost through evaporation and infiltration.

Since the inception of the Queensland programmes, approximately 220 bores have been
rehabilitated, with a water saving to date of 32,000 ML (an average saving since 1989 of 12 ML/d);
260 km of bore drains have been replaced, and 433 km of pipework covering 140,960 ha of
land have been installed (T. Bean, Queensland Department of Natural Resources, pers.
comm., December 1996).

New South Wales

The New South Wales Department of Water Resources, together with the Department of
Conservation and Land Management, is currently undertaking a bore rehabilitation
programme named ‘Cap and Pipe the Bores’. Of the estimated 1,200 artesian bores in the
New South Wales portion of the Great Artesian Basin, 600 have ceased flowing, 375 have
unrestricted flow and 150 have piped distribution systems. Bore assessments commenced
during 1995-96 and have been followed by bore rehabilitation and pipework installation,
allowing an estimated water saving of 295 ML for the period 1995-96, or 0.8 ML/d
(L. Branch, NSW Department of Land and Water Conservation, pers. comm., October 1996).

Northern lerritory

The Northern Territory Department of Lands, Planning and Environment is currently
establishing a programme to rehabilitate two of the three free-flowing bores in the Northern



Territory portion of the Great Artesian Basin. Rehabilitation of these bores should result in a
water saving of approximately 10 ML/d. Rehabilitation of the third free-flowing bore is being
considered at present (1. Mathews, NT Department of Lands, Planning and Environment, pers.
comm., January 1997).

The discharge from the remaining forty to sixty pastoral bores that abstract groundwater from
the Northern Territory portion of the Great Artesian Basin is regulated, and rehabilitation of
these bores is not being considered.

4.2.5 Existing abstraction licences held by WMC

The legal framework for the development and operation of Olympic Dam is established by
the Indenture between the company and the South Australian Government (Section 1.3). The
Indenture provides for the issue of special water licences that enable WMC to abstract
groundwater from the borefields up to agreed maximum drawdown levels at the boundaries
of the designated areas. The agreement is between the company and the Minister for Mines
and Energy.

Special water licences apply to the operation of Borefields A and B, The criteria outlined in
these licences are discussed below.

Borefield A

The Special Water Licence for Borefield A contains agreed limits to the drawdown in aquifer
pressure within the Designated Area (as shown in Figure 4.1). The term ‘drawdown’ refers to
the reduction in water table or potentiometric head from a defined initial head or existing
condition over a specified time interval. The agreed limits for Borefield A are:

» drawdown at the boundary of the Designated Area between observation bores GAB8 and
HH2 shall not exceed 4 m;

« drawdown at the boundary of the Designated Area, as measured at Jackboot Bore, shall
not exceed 5 m.

The Special Water Licence for Borefield A requires WMC to manage borefield operations in
such as way as to prevent adverse effects on mound springs of the Hermit Hill spring
complex, The Bubbler and other springs in the Blanche Cup spring complex. It also requires
WMC to monitor water pressures in strategically located observation bores and to monitor
spring flows on a monthly basis.

Borefield B

The Special Water Licence for Borefield B contains agreed limits to the drawdown of aquifer
pressure at the five corner locations of the Designated Area to a maximum of 5 m. The
licence also contains requirements for the regular monitoring of aquifer pressure in
strategically located observation bores.

The agreed limits in the Special Water Licence for Borefield B were based upon the results
of mathematical modelling presented in the supplementary environmental studies for the
Borefield B development (Kinhill Engineers 1995). This mathematical modelling predicted
the drawdown in aquifer pressure resulting from an abstraction rate of 42 ML/d from both
Borefield A and Borefield B over a period of twenty years.

4.2.6 Predicted and observed effects of water abstraction by WMC

The following section discusses previous predictions of the effects of water abstraction by
WMC and actual recorded impacts.
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The 1983 EIS

The 1983 EIS provided details of the proposed borefield abstraction rates and the predicted
impacts on the Great Artesian Basin. In the EIS, it was reported that five bores would be
constructed at Borefield A, with four operating at any one time to achieve an abstraction rate
of 6 ML/d. It also provided some preliminary observations on the development of Borefield B,
although abstraction from Borefield B was not contemplated at that time.

The 1983 EIS did, however, state that Borefield B would be developed to meet the future
needs of production, which was expected to be up to 33 ML/d for a production rate of
150,000 t/a copper and associated products. The development of Borefield B has been the
subject of further detailed studies and reporting (Kinhill Engineers 1995).

Predictions about the impact on the Great Artesian Basin of the development of Borefield A
were made using a groundwater model. These predictions, reported in the 1983 EIS, stated
that mound spring discharges along the southern margin of the Great Artesian Basin would
be reduced by 100% in the case of Priscilla, and up to 10-33% for others, with effects more
marked in close proximity to the borefields and less marked further afield. In addition,
localised impacts on discharge rates were predicted at existing bores, particularly Venable
Bore in Borefield A and Crows Nest Bore in Borefield B, which were both predicted to
experience a 100% reduction in artesian flow. Water quality was not expected to be
measurably affected by the development of the borefields.

Kinhill Stearns 1984 and Kinhill Engineers 1995

Using the GABROX model, a report by Kinhill Stearns in 1984 made predictions concerning
the impact of further development of Borefield A on the discharge rates from mound springs
of the Lake Eyre South region.

The predictions were made for two development scenarios (restricted and extended) and
for two assumptions regarding the permeability of the ridge between the north-eastern and
south-western sub-basins (impermeable and semi-permeable). These predictions were
reviewed by Kinhill Engineers a decade later (Kinhill Engineers 1995), and comparisons
made with flow measurements to 1994. The results of this review for the extended
borefield, which most closely resembles the actual borefield development, are shown in
Table 4.4.

Table 4.4 Reduction in mound spring discharges—predicted (1984) versus actual (1994) results

Predicted discharge reduction
for extended borefield

Spring Spring group %) Actual flow reduction
complex (spring number) —_— (%)
Impermeahle’ Semi-permeable’
Hermit Hill Beatrice (HBS004) 100 100 40
Bopeechee (HBO004) <2 20 43
Hermit (HHS170) <1 <1 36
Old Finniss (HOF096) <2 <2 Marginal increase
Venable Bore (HVSD01) 100 100 100 (extinct May 1990)
Wangianna Davenport (WDS001) <1 <1 Virtually 0
Lake Eyre Emerald (LESOOT) 3 3 Virtually 0
Fred (LFEOO1) 6 17 50

Priscilla (LPSO0T) 75 60 100 (extinct late 1990)

1 Refers to the assumed hydraulic properties of the ridge between the north-eastern and south-western sub-basins.
Source: Adapted from Kinhill Engineers 1995,



Kinhill Engineers (1995) noted that flow from Bopeechee Bore also showed a marked
reduction over a similar time period. A prediction for the flow reduction from this bore was
not made in 1984.

In general, Kinhill Engineers (1995) stated that the estimates of reduction in mound spring
discharge made in 1984, compared with observed flow reductions since 1984, were shown
to be reasonable, given that:

e ageneralised model for the pumping area was assumed, with the pumping area assumed
for Borefield A not accurately reflecting the bore configuration subsequently in place from
1992 onwards;

s the uncertainty in the hydraulic parameters for the model has since been greatly reduced
(GABROX92 and, subsequently, the 1995 model);

« data for springs with very low flow rates sometimes contain erroneous values owing to
measurement difficulties.

Impacts on mound spring discharges resulting from the development of Borefield B were
predicted by Kinhill Engineers (1995) following further groundwater modelling. These
predictions were made using the GAB95 (previously GABROX95) groundwater model,
which updated the original GABROX model by incorporating the increased level of
understanding of the Great Artesian Basin’s hydrogeology gained from production bore
records and monitoring bore data.

Kinhill Engineers (1995) predicted that, in comparison with flows in November 1994,
discharge rates at mound springs within the Bopeechee spring group would decline a further
10-15%, the Welcome and Hergott spring groups would decline 10-15%, and the Hermit
Springs and Davenport spring groups would decline up to 10-15% following combined
extraction from Borefields A and B.

To mitigate the further impacts on mound springs within the Bopeechee spring group, WMC
implemented a reinjection strategy to increase groundwater pressure in the north-eastern
sub-basin and thereby increase discharge rates at this spring group. Full details of this strategy
are given in Western Mining Corporation (1995) and a summary is provided in Section 4.2.7 of
this report.

Current potentiometric heads

Figure 4.9 gives the current (1996) contours representing the potentiometric heads
throughout the southern portion of the Great Artesian Basin. The potentiometric heads
represent the water pressure within the major aquifers in the Great Artesian Basin. The 1996
potentiometric heads were used as the baseline for the mathematical modelling undertaken for
this EIS (Section 4.5). The 1996 heads include the observed effects of the Borefield A operation
since 1983. Borefield B has not been in operation long enough to affect the contours.

4.2.7 Current mitigation measures undertaken by WMC

Declining artesian flow from springs HBO004 and HHS170 prompted WMC to initiate an
aquifer injection programme using groundwater from Borefield A to partially restore
pressure in the vicinity of these springs. Since October 1995, groundwater from production
bore GAB6 has been reinjected into the aquifer at monitoring bore GAB20 (Figure 4.2). The
initial rate of reinjection was 2 L/s (173 kL/d), which was increased to 4.6 L/s (400 kL/d) in
June 1996.

Assessment of the effectiveness of the reinjection programme after November 1996 has been
complicated by the reduction in abstraction from Borefield A to 5-6 ML/d following the
commencement of commissioning of Borefield B.

O+t Y m P I C D A M E X P A N § | O N P R O | £ C T E I 5

417



418

..
g
‘-\ e
—_— ‘\
\ : &
- | E
BOREFIELDB L f
o |$’
i T
5
— ./
f_\ H \-‘.._‘.‘.
.; on kS
-

' .
FUTUI )
FIGURE 4.9 «  Borefield Bproductionbore ~ ————  Minor road
CURRENT 1996 @  Watersupply pump station - ----- Track
— . Contour of drawdown of — - - — Designated Area
potentiometric head (m)
— of borefield
Do Soken Boundary

Between November 1995 and June 1996, potentiometric heads in monitoring bores GAB7,
GAB8, GAB19 and HH2 continued to decrease by 0.3 m, 0.41 m, 0.41 m and 0.2 m
respectively. Since June 1996, heads in these bores have increased by 0.92 m, 0.92 m, 1.43 m
and 0.41 m respectively to their present levels, indicating that the increased reinjection
programme, combined with a decrease in abstraction from Borefield A, has been effective in
partially restoring aquifer pressure.

Flows from springs HBO004 and HHS170 continue to be monitored during the ongoing
aquifer reinjection programme. However, unlike water levels measured in bores, flows from
springs are difficult to measure accurately and are also known to vary naturally over both
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short (daily) and long (seasonal) periods. Therefore, while the spring flow monitoring results
presented below show an initial stabilisation and then an increase in flows, the monitoring
period to date has been too short to allow conclusive results to be drawn.

The flows from spring HBOO004 fluctuated around 0.22 L/s until March 1996 when the flows
recovered, reaching a maximum rate of 0.39 L/s in August 1996. The flow rate at the end of
June 1996 was 0.34 L/s, marginally above the rate of 0.32 L/s in June the preceding year. The
ilow then increased for the next six months until it reached a high of 0.66 L/s in January 1997.

The flow rate recorded at spring HHS170 in June 1995 (five months prior to reinjection at
GAB20) was 0.47 L/s. Following the injection of water at GAB20, the flow rate from the
spring continued to decline to its lowest reported flow of 0.15 L/s in January 1996. The flow
rate then began to increase, reaching 0.42 L/s in July 1996. Between July 1996 and January
1997 the flow from HHS170 declined to 0.21 L/s, slightly higher than at the same time the
previous year,

4.3 WATER SUPPLY STRATEGY FOR 200,000 t/a COPPER
PRODUCTION

Water requirements

The water requirements of the project following the proposed expansion to 200,000 t/a
copper production have been estimated by water balance calculations to be about 33.4 ML/d.
This water requirement would be sourced from the existing borefields, and would be in
addition to the comparatively minor use of saline water (for underground drilling and dust
suppression) obtained from dewatering the underground mine operations and the saline
water borefield.

The predicted site water balance is shown in Figure 4.10. When the domestic water supply
to the Roxby Downs township and Olympic Dam Village (2.6 ML/d) is excluded, the water
balance shows a total site water use (potable and process) of approximately 30.8 ML/d. A
site water use of 30.8 ML/d equates to a rate of 1.24 kL/t of ore milled, a reduction of
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approximately 21% from the 1995-96 rate of site water use of 1.57 kL/t of ore milled. Most
of the reduction in the rate of water use would be achieved by the installation of high-
compression thickeners in the copper concentrator section of the metallurgical treatment
plant. These thickeners would allow an increased recovery of process water for recycling.

Also shown in the site water balance is an overall consumption of 8.4 ML/d (13.3 ML/d
process water plus 1.1 ML/d potable water less 6.0 ML/d recycled water) in the cooling
towers, smelter and acid plant. A significant portion of this water would be used in wet
scrubbing systems (Section 3.8) associated with the new smelter. The wet scrubbing systems
would be introduced to the site as part of the expansion to provide improved levels of gas
cleaning and a reduction in air emissions from the processing plant. However, this water use
partially offsets other efficiencies in water use incorporated in the Expansion Project.

Infrastructure requirements

The infrastructure required to meet the water needs of the project at a production rate of
200,000 t/a copper is described in Section 11.1 and summarised below:

« connection of all three production bores in Borefield B to the M6A pipeline at the existing
pump station PS6A (Figure 4.1);

» decommissioning of pump station PS1B and construction of a new pump station, PS6B
(Figure 4.1);

» construction of a new pipeline, M6B, from pump station PS6B to Olympic Dam (Figure 4.1);

» expansion of water treatment facilities, including water storages.

This infrastructure was discussed in an earlier report (Kinhill Engineers 1995) and has been
assessed and approved by the South Australian Government.

Management of water resources

The strategy for the development of future water resources assumes management of
abstractions from the existing borefields to mitigate potential adverse effects on the
environment and other water users. The monitoring of the borefields is a condition of the
special water licences, and WMC has implemented a comprehensive monitoring programme
to meet this requirement. This ongoing monitoring will ensure that the information necessary
for management of the resource is available when required. The monitoring results are
submitted to the State Government annually as part of WMC'’s environmental management
and monitoring programme (Chapter 15).

4.4 WATER SUPPLY STRATEGY FOR 350,000 t/a COPPER
PRODUCTION

At the completion of the proposed expansion to 200,000 t/a copper production, the water
supply infrastructure to Borefields A and B would have a combined capacity of about 42 ML/d.
This capacity, which also equates to the abstraction rate used to define the Designated Area
for Borefield B (Kinhill Engineers 1995), would exceed the project requirement of 33.4 ML/d.

Planning for the possible future expansion to a copper production rate of 350,000 t/a is not
sufficiently advanced at present to allow water balances to be calculated. However, this
planning recognises that the further development of water treatment and recycling facilities
at Olympic Dam may be an economic alternative to upgrading infrastructure to Borefield A
and B or establishing another borefield. The current water supply strategy therefore assumes
that sufficient water treatment and recycling facilities would be provided in future to enable
the water use at a copper production rate of 350,000 t/a to be accommodated within the
infrastructure capacity of 42 ML/d.



As part of longer term planning, WMC is also considering plans for another borefield that
may be required in future. This borefield would be subject to separate public consultation
and government assessment should its establishment become necessary.

For water abstraction modelling purposes, this EIS assumes that expansion to 350,000 t/a
copper production would occur in 2010. Table 4.5 shows the borefield extraction schedule
used for the groundwater modelling described in more detail in the sections following,.

Table 4.5 Borefield extraction schedule used for groundwater modelling (ML/d)

Period Borefield A Borefield B Total
1996-1998 6 11 17
1998-1999 b 14 20
1999-2010 b 28 34
2010-2011 6 33 39
2011-2016 6 36 42

4.5 PREDICTED IMPACTS OF FUTURE USE OF THE
EXISTING BOREFIELDS

4.5.1 Groundwater model—ODEX1

Predictions of potentiometric heads within the major aquifer of the Great Artesian Basin for
future operation of the existing borefields have been undertaken using a new groundwater
model known as ODEX1 (WMC Resources 1997).

ODEX1 supersedes the mathematical groundwater models GABROX and GAB95. The new
model has been developed principally for modelling the impacts of groundwater abstraction
associated with the Expansion Project. This model uses new data arising from recent drilling
programmes and geophysical work associated with the development of Borefield B, and from
the re-evaluation of piezometric measurements. ODEX1 has deliberately been used with
conservative assumptions and probably overestimates drawdown, particularly in the deeper
parts of the Great Artesian Basin.

ODEX1 takes into account all current users of the Great Artesian Basin in the vicinity of the
borefields—pastoral bores, Cooper Basin operations, WMC Borefields A and B—as well as
natural discharges (e.g. mound springs) and vertical leakage.

The current 8.5 ML/d discharge from Georgia Bore, situated 30 km north of Borefield B
(Figure 4.3), is not controlled. The modelling has assumed that future flows from this bore
will be regulated to rates consistent with pastoral purposes.

As with previous groundwater models, ODEX1 predicts changes with time to potentiometric
heads according to selected borefield development scenarios. For the purposes of this EIS,
artesian flows from mound springs and pastoral bores are assumed to be directly proportional to
the difference between the potentiometric head and the ground surface. When the potentiometric
head is predicted to be below the ground surface, artesian flows are assumed to cease.

4.5.2 Predicted impacts on potentiometric heads to the year 2016

The modelling results presented in this EIS are for all abstractions and discharges from the
Great Artesian Basin, including the WMC borefields.

If required, the ODEX1 model would be available in future to predict the levels of drawdown
attributable to WMC so that these levels could be assessed against the requirements of the
special water licences.
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Drawdown due to total discharge

Using the 1996 potentiometric heads as starting conditions, and noting that Borefield A
commenced production in 1983 and Borefield B in 1996, ODEX1 was used to simulate the
drawdown to year 2016. The scenario modelled included flows from mound springs, existing
and new pastoral bores, the Cooper Basin operations, WMC bores and vertical leakage.

The MESA Bore Rehabilitation Programme (Section 4.2), which resulted in a period of
pressure recovery from 1986, is predicted to have a negligible incremental impact from 1996
onward as the aquifer regains equilibrium.

Results are shown in Figure 4.11. Hydrographs for the model cells located close to each
of the corners of the Special Water Licence Designated Area (P1 to P5, D2) are shown in
Figure 4.12, and predicted drawdowns by 2016 are tabulated in Table 4.6.

ol

%, I \\ \\ ' :

P4cy BOREFIE J \, ‘\\5 -..:\:L___‘.? -
\\}3 = :ﬁ-‘_"‘--
1\"‘-\ i
\ " \‘ , ==\ =" )
1A \
e 'D‘Fllqiu
*—-._-f"/ i il *s
S S ——— b Y
FIGURE 4,11 «  Borefield B productionbore ~ ——— Minor road
ODEX1 MODEL PREDICTION FOR @  Water supply pump station - ------ Track
TOTAL DRAWDOWN 1996-2016 | M8 Homestead Pipeine
Source: WMC Resources Lid 1997 — -— Contour of drawdown of — - -— Designated Area
rce;
potentiometric head (m) o
Ir&'.’ 50 km R
0o L Y M P | C D A M FE X P A N S | 0O N PR O JECT E i s



MODEL DRAWDOWN (m)

_a -
7
a -4
.9 -
10 s T T 1 T T T d
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
CALENDAR YEAR
FIGURE 4.12
N ODEX1 MODEL PREDICTION AT
a—p =N o ol ' BOREFIELD B SPECIAL WATER
—— P2 —a—p " ool LICENCE DESIGNATED AREA
e ‘P —o— D2 x s COMers CORNERS (FROM 1996)

Source: WMC Resources Ltd 1997

Data in Table 4.6 are expressed to two decimal places. However, this should not be taken to
imply that the second decimal place indicates a highly accurate calculation, which is beyond
the limits of the model’s predictive capacity. The calculation to two decimal places shows that
there is compliance of the predicted values with the agreed drawdown limit of 5 m.

Table 4.6 Predicted drawdown of potentiometric heads at
corners of the Borefield B Designated Area—2016'

Predicted drawdown

Site )
P1 4.86
P2 4.17
P3 3.10
P4 2.52
PS5 3.91
D2 4.97

1 Scenario modelled includes abstractions by other users.
Source: WMC Resources 1997,

4.5.3 Predicted impacts on mound spring flows

The maintenance of flow at key mound spring groups is a major environmental issue (Section 7.4).
Although the ODEX1 model was developed to assess the broader water resource
management issues resulting from Borefield B development, it is possible to draw some
conclusions about impacts of regional drawdown on major spring groups.

Figure 4.13 shows predicted drawdown of potentiometric heads in the area containing the
most ecologically sensitive springs.
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It can be seen that, along the line from Marree to Hermit Hill, the predicted drawdown at
spring sites is generally less than 0.25 m, which is only a small proportion of the available
artesian head, suggesting a minimal impact on springs in that area. Drawdown at springs in
the Borefield A area is greater, with most of this drawdown having already occurred since
operation of Borefield A commenced in 1983.

The model simulates groundwater discharge from springs by assuming that flows from springs
are 1n direct proportion to the ditference between aquiter pressure and ground level,

In practice, it is known that spring flow rate is much more variable than aquifer pressure owing
to a number of factors that cannot be considered in a groundwater flow model (and that do
not relate to the operation of WMC's borefields). These factors include (but are not restricted to):

» diurnal atmospheric pressure variations (barometric effects)

s evaporation rates

+ changes in composition and abundance of vegetation species

« grazing and damage by cattle and horses.

The springs have been grouped into hydrogeological zones on the basis of similarity of

expected responses to abstraction from the borefields. A summary of the groundwater model
predictions is provided in Table 4.7.
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Table 4.7 Predicted changes to mound spring flows—1996-2016

Hydrogeological Predicted change

zone and in flow, Comments

spring group 1996-2016'

BOREFIELD A ZONE

Beatrice 100% Expected to remain stable after flow increase.

Fred n/f Significant increase in aquifer pressure predicted; resumption of flows
likely.

Venable n/f Significant increase in aquifer pressure expected; resumption of flows
likely.

Priscilla? n/f Significant increase in aquifer pressure expected; resumption of flows
likely.

Jacob? - Major increase in flow expected.

NORTH-EASTERN SUB-BASIN

Up to 17% increase in flow in 1997 and 1998, followed by a gradual
decline in flow, resulting in an overall small increase of 2%°.

Up to 13% increase in flow in 1997 and 1998, followed by a gradual
decline in flow, resulting in an overall decline of less than 1%.

Located within 1 km of Sulphuric spring group, therefore expected to

Bopeechee 2% increase
Sulphuric Less than 1%
decline
Dead Boy -
behave similarly.
West Finniss 1% decline

WESTERN LAKE EYRE SOUTH GROUP

Centre Island

0.5% increase

Up to 5% increase in flow in 1997 and 1998, followed by a gradual
decline in flow, resulting in an overall decline of 1%.

Up to 6% increase in flow in 1998 and 1999, followed by a gradual
decline in flow, resulting in an overall small increase of 0.5%.
Up to 6% increase in flow in 1998 and 1999, followed by a gradual

Up to 3% increase in flow in 1998 and 1999, followed by a gradual

Up to 5.5% increase in flow in 1998 and 1999, followed by a gradual

Emerald 2% increase

decline in flow, resulting in an overall small increase of 2%.
Long Island 1.5% decline

decline in flow, resulting in an overall decline of 1.5%.
Gosse 3% increase

decline in flow, resulting in an overall increase of 3%.
McLachlan 12.5% increase

SOUTHERN MARGIN EASTERN ZONE

Davenport
Wangianna
Welcome

Hergott

3% decline
16.5% decline
4.5% decline

6% decline

SOUTHERN MARGIN WESTERN ZONE

Smith

1.8% decline

Hermit Springs 0.8% decline
Old Finniss 1% decline
Old Woman 0.5% decline

CURDIMURKA-STRANGWAYS ZONE

Horse?
Anna?
Blanche Cup?

Strangways?

|

1 Values are approximate.

Large increase in flow in 1998 and 1999 (up to 18%), followed by a
gradual decline in flow, resulting in an overall increase of 12.5%.

Potential slow, steady decline for all springs in this zone.

Large increase in flow from 1997 to 1999, followed by a decline in
flow to 2016.

Steady decline for all springs in this zone except for Smith.

Minimal impacts expected.
Minimal impacts expected.
Minimal impacts expected.

Minimal impacts expected.

2 Spring groups outside the ODEXT domain,

Current flow rate has been enhanced by reinjection programme.
- No prediction made.
n/f No flow in 1996.

P R

(0]
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Borefield A zone

Borefield A zone includes the following spring groups:

¢ Beatrice

» Fred

* Venable

» Priscilla—outside model domain

* Jacob—outside model domain.

Springs close to Borefield A have suffered considerable loss in potentiometric head over the
past few years. The planned reduction in discharge from Borefield A to a steady 6 ML/d is

predicted to produce pressure recovery of up to 20 m. In general, a major increase in spring
flow rate from groups within this zone is expected.

North-eastern sub-basin
The north-eastern sub-basin includes the following spring groups:

¢ Bopeechee

e Sulphuric

* West Finniss
e Dead Boy.

Springs in the north-eastern sub-basin are expected to respond to the reduction in discharge
from Borefield A in the manner illustrated in Figure 4.14. Flow rate recovery is predicted for
1997 and 1998, followed by a gradual decline to around 1996 flow rates by 2016 owing to
the combined effects of the two borefields. Dead Boy spring group is expected to behave
similarly to West Finniss and Sulphuric.
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Western Lake Eyre South group

Spring groups in the Western Lake Eyre South group zone include:

McLachlan
Gosse
Emerald
Centre Island

Long Island.

Springs in this zone are predicted to respond in a similar fashion to those in the north-eastern

sub-basin. Figure 4.15 shows that McLachlan Spring, which is nearest to Borefield A, will
benefit the most from the reduction in discharge, but is predicted to show a gradual decline

as Borefield B drawdown develops.

Southern margin eastern zone

The predicted impact on flows from the spring groups in the southern margin eastern zone is
shown in Figure 4.16. It includes the following spring groups:

.

Davenport
Welcome
Hergott

Wangianna.

The area to the east of Bopeechee is protected from the influence of Borefield A by the
Hermit Springs basement high. It is also predicted that the springs would be buffered from
major impacts of Borefield B by the leaky nature of the Bulldog Shale between them and
the borefield.

117
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Southern margin western zone

Spring groups in the southern margin western zone include:

* Smith

*  Old Woman

« Hermit Springs

« Old Finniss.

This zone contains the ecologically sensitive Hermit Springs spring group. Figure 4.17 shows the
predicted change in flow rates. Smith spring group is predicted to behave similarly to the Western
Lake Eyre South group, as it is more exposed to Borefield A effects and lacks the buffering effect

of the poorly developed aquifer and leaky Bulldog Shale that exists north-east of the Hermit
Springs group, where changes in flow due to WMC abstraction are predicted to be very small.

It should be noted that changes of the magnitude predicted for Hermit Springs, Old Finniss
and Old Woman spring groups are too small to be detected with confidence using currently
availahle measiirement methnds

Curdimurka-Strangways zone

The Curdimurka-Strangways zone includes the following spring groups:

¢ Horse

* Anna

+ Blanche Cup

* Strangways.

All these spring groups lie outside the current model domain. The leaky nature of the Bulldog
Shale in the area, the springs’ considerable distance from Borefield B, and what is believed

to be poor aquifer development are expected to minimise changes in flow. Monitoring
would continue at these springs to check this prediction.
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4.5.4 Predicted impacts on pastoral bores

Pastoral bores were modelled as constant discharge bores on the assumption that pastoralists
would maintain their current flow rates by adjusting flow regulating valves at the well-head
to compensate for any reduction in pressure (with the exception of Georgia Bore).

Predicted impacts on the available pressure (head) at pastoral bores are presented in Table 4.8,
which shows that those bores in close proximity to Borefield B are clearly the most affected.

Table 4.8 Predicted impacts on pastoral bores—1996-2016

Measured
pressure
Bore Pressure above
Date ground level

(kPa)
David 16.04.85 1
Clark 20.04.85 3
Callanna 10.08.94 36
Cooranna 04.08.94 61
Maynard 10.08.94 40
Peter 21.08.94 304
Clayton 22.08.94 313
Tarkaninna No, 2 22.08.94 246
Clayton No. 2 21.08.94 354
Marion 21.08.94 284
Hergott Spring 10.08.94 62
Lake Harry 21.08.94 432
Morphetts 14.11.90 93
Muloorina 14.09.85 810
Peachawarinna (Kelly) 11.09.93 779
O LY M P I C D A M F X P A NS 1 O

Simulated Reduction in
pressure loss pressure above

from ground level

1996-2016 1996-2016

(kPa) (%)
4 100
3 100
8 22

35 57
14 35
105 35
95 30
63 26
95 27

135 48
5 8

137 32
9 10

144 18

"7 15
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Table 4.8 Predicted impacts on pastoral bores—1996-2016 (continued)

Measured

pressure Simulated Reduction in
pressure loss pressure above
Bore Pressure: above from ground level
Dite ground level 1996-2016 I‘I‘Jh-_.![)l 6
(kPa) (kPa) (%)
Crows Nest 30.10.90 662 87 13
Nickotime 23.08.94 150 16 11
Morris Creek 21.11.94 567 34 0
Yarra Hill 02.08.94 250 15 6
Dulkaninna No. 2 17.02.88 620 59 10
Jackboot 22.03.94 632 40 6
Charles Angas 21.11.94 456 27 6
Chapalanna 23.08.94 359 19 6
Frome Creek 01.01.66 241 11 5
Lake Billy No. 2 15.05.91 125 10 8
Clayton Dam 23.08.94 135 6 4
Cooryaninna' No. 2 22.08.94 661 30 9
Prices No. 2 11.08.94 610 25 4
Alberrie Creek 31.07.85 105 4 4
Cannuwaukaninna 22.08.94 588 42 5
New Kopperamanna 01.10.77 965 36 4

1 Also called Coorvanna.
Source: WMC Resources 1997.

The predicted reductions in pressure would result in proportionally reduced flow rates from
freely flowing bores. Water would continue to be available at all sites and current rates
could, if necessary, be maintained by pumping.

The Indenture provides that pastoralists shall continue to have the right to use groundwater
for the proper development and management of the existing use of the lands occupied by
them. These rights can only be restricted or terminated by the State if WMC makes
alternative supplies available or agrees on an appropriate level of compensation. WMC is in
negotiation with pastoralists to formalise arrangements in written agreements.

Although pumping from deep pastoral bores has not been the general practice in the South
Australian part of the Great Artesian Basin, a recent paper by Hillier (1996) foreshadows
the introduction of pumping from deep pastoral bores where economic considerations
permit

4.5.5 Future development of groundwater resources

Maodelling of drawdown presented throughout this EIS is based on a twenty-year horizon to
the year 2016 for several reasons, including:

« the Designated Area boundary that is the subject of the Special Water Licence for
Borefield B was based on modelling for twenty years;

« WMC cannot predict with any degree of certainty what other users may abstract from the
Great Artesian Basin over a longer time period, nor can it exercise any control over this.
Therefore, a management strategy prepared by government will be essential in
determining what drawdown limitation is achievable, given the current and possible
future abstractions by pastoralists, Cooper Basin operations, and other resource
developments not yet contemplated.



The Special Water Licence seeks to control water abstraction not by volume constraints but
by a restriction on drawdown of potentiometric head at the boundary of the Designated Area.

With the operational experience of Borefield B, it is expected that the estimated long-term water
supply obtainable under the agreed drawdown restrictions of the special water licences would
increase. This increase in estimated vield would result from the use of more data and fewer
assumptions in the modelling. The current modelling uses precautionary principles in the
selection of assumptions, thereby resulting in lower estimates of available long-term supply.

These factors, combined with further water use minimisation measures expected to be
implemented in the future, support the current belief that the existing borefields would be
sufficient to meet the project needs beyond the twenty-year planning period.

Under the simulated scenario, the agreed limits of the Special Water Licence are complied
with up to the year 2016. If the model predictions are verified in practice, and WMC wishes
to continue to extract water from the Great Artesian Basin beyond the year 2016, or at a
higher rate than 42 ML/, it will be necessary to either:

» review impacts other than simple drawdown at the Designated Area;

« seek a further borefield site, probably nearer to the deeper, more productive centre of the
basin in South Australia.

The development of a new overall management strategy for the Great Artesian Basin,
foreshadowed by Hillier (1996), may have a considerable influence on the decision to follow
either of the directions indicated above.

Further hydrogeological information will be acquired from Borefield B production bores and
monitoring bores over the next few years, and these data will enable ODEX1 to be refined to
improve the accuracy of modelling predictions. Similarly, hydrogeological investigations
will be carried out to identify a suitable area and model an additional borefield if this proves
to be necessary.

In this context, it is important to note that there is no doubt that a suitable location for another
borefield could be found to the north-east of Borefield B, where aquifer thickness is up to
700 m. Such a borefield could be strategically located to harvest water that would otherwise
be lost by vertical leakage from the aquifer, resulting in project demands being met with
manageable impacts on other users and the mound springs.

4.6 HYDROGEOLOGY AT OLYMPIC DAM

This section presents and discusses an interpretation of the regional and local groundwater
flow system at Olympic Dam in the context of its relationship with mine activities. Figure 4.18
provides a locality plan for the region considered.

4.6.1 Regional hydrogeology

The geology in the Olympic Dam area comprises Quaternary surficial sediments overlying
Palaeozoic and Proterozoic rocks, which include limestone, quartzite, sandstone and shale,
all overlying mafic breccias of the underlying basement complex that hosts the
mineralisation. The surface terrain on the Special Mining Lease area is dominated by
longitudinal east-west trending sand dunes with interdunal corridors, drainage depressions
and low stony tablelands. The orebody and the mine development occur at a depth of 350 m
in the basement complex. The local and regional geology are described in Section 3.2.

The Olympic Dam mine is developed beneath a regional aquifer system that occurs in the
sedimentary rocks of the Stuart Shelf. The regional stratigraphy is summarised in Table 4.9.
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Table 4.9 Summary of regional stratigraphy'

Approximate
thicknesses in the region

Age Unit description of Olympic Dam Comments
(m)
Quaternary Undifferentiated clayey sands, 0-10 Extensive across entire area but
dunefields, playa and drainage extremely variable.
deposits
Cambrian Yarrawurta Shale 0-90 Overlies Andamooka
Limestone north of Olympic
Dam.
Andamooka Limestone: 0-200 Variable sedimentary sequence
Indurated limestones of various in time and location; includes
character. Variably dolomitic thin shale beds and siltstone.
and cavernous
Neoproterozoic Yarloo Shale: 0-50 Sporadic in occurrence between
Laminated shale Andamooka Limestone and
Arcoona Quartzite at Olympic
Dam; thicker near the Torrens
Hinge Zone,
Arcoona Quartzite: 150-200 Upper section conspicuously
Quartzite with numerous shale interbedded with shales; lower
interbeds in its upper part section pale and more massive.
Corraberra Sandstone: 30 Indurated where observed in
Sandstone, micaceous with Olympic Dam decline.
shaly interbeds
Tregolana Shale: 150-300 Dark, strong rock where
Laminated shale observed in Olympic Dam
decline.
Mesoproterozoic Basement: Diverse igneous and not applicable Host to the Olympic Dam
metamorphic rocks including deposit and other orebodies.
Olympic Dam breccia
sequence

| Simplified for the purposes of discussing the regional hydrogeology; for example, omitting remnant Mesozoic rocks al
Andamooka. Refer also to Figures 3.1 and 3.2.

Andamooka Limestone

The Quaternary surface sediments are generally up to 10 m thick and are underlain by the
Andamooka Limestone, which is a pale dolomitic limestone generally extending to depths of
40-60 m at Olympic Dam. It is deepest and thickest (166 m) to the north-east of Olympic
Dam (Cowley 1990). The limestone exhibits karstic features (dolines, sink-holes, caverns
etc.), and there are some minor occurrences of perched aquifers within the Andamooka
Limestone, where its base is higher in elevation than the regional water table in the Arcoona
Quartzite. These perched zones are believed to be of limited dimensions and may, in some
instances, drain completely between major rain events.

Groundwater has been observed within the basal 5-10 m of the Andamooka Limestone
during exploration drilling near the mine. To the south and west of Olympic Dam, there is
limited pastoral and domestic use of water in the Andamooka Limestone via shallow bores.
To the north and east, few, if any, bores penetrate the aquifer.

The Andamooka Limestone is restricted in its distribution within the larger Stuart Shelf area,
and overlies deeper aquifer zones within the quartzites and sandstones of the Arcoona
Quartzite and Corraberra Sandstone, which are described below. In general, it might be
expected to have a higher transmissivity than the quartzites.

The occurrence of Andamooka Limestone is reasonably well known from published data
(Figure 4.18). The base of the formation dips to the north and north-east, falling below the
water table in the Olympic Dam area. Its base is at ground level near Coorlay Lagoon, and the

O L Y M P 1 C D A M E X P A N § | O N P R O ) £ C T E 15



2

‘ FIGURE 4.18
LOCALITY PLAN FOR REGIONAL
GROUNDWATER ASSESSMENT

Ao 50 km

formation is thickest towards the north-eastern end of its area of occurrence. Its greatest
saturated thickness, and therefore perhaps its greatest transmissivity, may occur near the
northern end of Lake Torrens.

The distribution of groundwater within the Andamooka Limestone is limited mostly to areas
where its base occurs below the regional water table, generally in the area north of Olympic
Dam and near the northern end of Lake Torrens. There is some evidence of perched
aquifers, which are not understood in detail but may be important locally (e.g. at the mine
site). The perched aquifers may be caused by the irregular occurrence of the Yarloo Shale
Formation below the Andamooka Limestone, as well as the shale interbeds of the upper
Arcoona Quartzite.

Corraberra Sandstone/Arcoona Quartzite

Corraberra Sandstone/Arcoona Quartzite formations are a sequence of fractured and variably
indurated sandstones and quartzites, with conspicuous and numerous shale interbeds near
the top of the Arcoona Quartzite. The quartzite is fractured rock with measured permeability
ranging from 1 x 102 m/d to 1 m/d. The upper section of the Arcoona Quartzite is
considered to be less permeable than the basal section, and is believed to restrict
groundwater movement from the Andamooka Limestone.

Static water levels are generally less than 50 m below ground level, with the main zones of
permeability occurring at a depth of approximately 160-200 m below ground level at the
mine site (Kinhill — Stearns Roger 1982).

The mean salinity (total dissolved solids) of the Arcoona Quartzite is in the range
20,000-40,000 mg/L. The chemical composition of groundwater in the Arcoona Quartzite
is generally uniform throughout the region, with the water containing sodium chloride and
high concentrations of sulphate (5,000 mg/L), as well as detectable levels of naturally
occurring uranium and radium.

433



434

Drilling data from WMC at Olympic Dam suggest that groundwater yields are encountered
in both formations, with possibly higher yields deeper in the sequence (i.e. in or near the
Corraberra Sandstone). This is supported by observations in the Olympic Dam decline. The
Corraberra Sandstone and Arcoona Quartzite appear to form a hydraulically continuous
aquifer across the Stuart Shelf.

Tregolana Shale

It can be reasonably assumed that the active groundwater flow system does not extend
deeper than the top of the Tregolana Shale, the hydraulic conductivity of which appears to
be extremely low.

Basement complex

The Olympic Dam Breccia Complex has very little primary porosity, and where faults have been
intersected there appears to be little permeability (WMC—OIlympic Dam Operations 1993).
Although the potentiometric head in the breccia appears to be similar to that in the Arcoona
Quartzite, groundwater transmissivities are at least several orders of magnitude lower than in the
Arcoona Quartzite, as the breccia complex has a lower permeability. Inflows to the mine from
this source occur occasionally, but are reportedly small and, in general, dry up in a few days.

The breccia complex groundwater is similar to that of the Arcoona Quartzite, except that the
upper band salinity is higher at 95,000 mg/L and naturally occurring levels of heavy metals
such as lead and zinc are higher. The breccia complex groundwater also contains detectable
amounts of naturally occurring uranium and radium.

Aspects of geomorphology relevant to regional hydrogeology

The modern landscape is mainly one of low relief, dominated by dunefields, low tablelands
and a system of playas, small salt lakes and a few large salt lakes. Dunefields have developed
in areas of lower topography, leaving the elevated areas (which are generally underlain by
Arcoona Quartzite and Mesozoic remnants) relatively free of dunes. Most of the Andamooka
Limestone is overlain by dunes. Within the dunefield swales there are many claypans,
vegetated ephemeral swamps, and dolines at some localities.

The tablelands are represented by the large area of the Arcoona Plateau between Woomera
and Coorlay Lagoon and the Andamooka Range (Figure 4.18). The Arcoona Plateau forms a
surface divide between the catchments of the major terminal lakes (Lake Torrens and Lake
Hart — Lake Gairdner). The Andamooka Range forms a surface divide that extends along the
west side of Lake Torrens, which separates surface drainage into the west side of Lake Torrens
from the set of terminal lake systems in the area underlain by the Andamooka Limestone.

The playas and small salt lakes are believed to be deflation features caused by wind erosion,
with the depth of erosion limited by the position of the water table at the time of their
formation (Johns 1968a). Deflation can only persist to the depth of the water table since the
wind cannot move moist sediments. Those that appear to have been deflated to the water
table are located in a group to the south of Olympic Dam, outside the area of the Andamooka
Limestone, with Coorlay Lagoon the most northerly. These features may be used to guide the
development of the water table contour plan, since they can be regarded as providing an
upper limit to the nearby water table elevation.

The surface drainage appears to reflect the underlying geology. Unlike all the surrounding
catchments in areas of Arcoona Quartzite, which have well-developed drainage systems with
stream channels tens of kilometres in length, the entire area of the Andamooka Limestone is
characterised by small catchments that drain to ephemeral terminal lakes of various sizes.

The Stuart Shelf sedimentary rocks lie almost flat over distances of at least 100 km and have
remained virtually undisturbed since their deposition. This geological structure and the low
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relief of the area (maximum elevation differences of 100 m over an area 100 km by 150 km)
produce a region where the formation boundaries are almost parallel to the ground surface
over large distances. The dominant hydraulic gradients are therefore expected to be more
or less horizontal, with vertical components only expected near discharges; that is, near the
main salt lakes or in the mine area where seepage and vent raise effects have induced
vertical gradients.

The regional groundwater system drains towards the major salt lakes in the region; that is,
towards Lake Torrens for the area within about 30 km of Olympic Dam. South-west of
Olympic Dam, some groundwater flow is expected towards Lake Hart and Lake Gairdner,
which implies that there would be groundwater divides, perhaps in the Woomera area where
there is a surface drainage divide. Similarly, a groundwater divide is postulated between the
Olympic Dam area and Lake Eyre (and the Great Artesian Basin).

Analyses of groundwater samples taken from boreholes in Lake Torrens are reported by Johns
(1968b). Salinities vary, with maximum values greater than 100,000 mg/L total dissolved
solids, and are dominated by sodium and chloride ions. The high concentration of dissolved
solids is derived from groundwater from both sides of the lake being concentrated by
evaporation, and is consistent with the lake being the sink for Stuart Shelf groundwater.

Water table contours and inferred regional groundwater flow system

Figure 4.19 presents an interpretation of the regional water table contours, supported by the
following data:

« investigation reports, interpretations and measurements of the groundwater level at and
near the mine site;

» groundwater and geological data from publications and various records of MESA;

« topographic data, including heights of the beds of some of the salt lakes, which control
the maximum elevations of the water table in some areas.

Although groundwater levels from the regional bore survey are derived from a variety of sources
(bores of various depths and WMC exploration holes), they were converted to AHD using
survey data or estimated surface elevations from topographic maps, plotted and contoured as a
single data set (Table 4.10 and Figure 4.19). The assumptions inherent in this approach are that:

« any vertical head gradients are very small;

+ density effects are not sufficiently large to change the overall pattern of heads if there were
sufficient data to allow for them;

« there is a single, continuous, regional flow system rather than a compartmentalised
system, with apparent gradients indicated by the widely spaced data points.

These assumptions are believed to be reasonable.

The data were hand-contoured for the area south of Bamboo Swamp. The hand-contouring
was considered an appropriate approach to develop a regional contour plan given the
irregular distribution of the sparse data and the objective of producing a generalised
interpretation of the flow system.

In addition to the observed water level data, the data points in the map were set at about
RL 35 m AHD along the western shoreline of Lake Torrens. This value was adopted from
height data from the published maps of the area, which gave values in the range
RL 32-38 m AHD for the lake surface and features within or adjacent to the lake. The
implicit assumption in setting this level for the water table along the edge of the lake is that
the water table is close to the bed level of the lake. One WMC bore near the lake has a water
level at RL 32 m AHD, supporting this approach.
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Table 4.10 Estimated groundwater levels in the vicinity of Olympic Dam

Depth to

MESA ref. no. groundwater Surface ele.\'aiion Groundwater elevation
G (m AHD, estimated) (m AHD)

613740 36.6 100+ 65
6236-89 43.9 105 61
6236-52 8.5 85 76
6236-10 17.7 95 78
6136-7 10 105 95
6236-40 427 135 92
6336-12 0.3 50 50
6337-2, 41 22-24 90 65
6336-20 4 90 84
6336-35 15 110 95
6336-24 73 120 47
6336-3 22 110 88
6336-28 68 170 102
6236-62 6.5 95 88
6337-11 4 50+ 46
6235-5 15 120 105
6235-66 24 130 105
6235-9 17 120 103
WMC BDL 1! 15.71 66 50
WwMmC BDL 3' 0 32 32
WMC PD 2! 62.45 16 54
WMC SGD 2! 21.42 89 68
WMC SGD 3! 65.38 10 45
WMC WRD 3! 33.6 88.9 55

I WMC regional monitoring bore; levels recorded in November 1995,

The contours have been drawn using Arcoona Quartzite water level data for the mine area,
rather than the higher levels from piezometers in the Andamooka Limestone, which reflect
the results of surface seepages.

The water table contours for the Stuart Shelf presented in Figure 4.19 show:
» interpreted contours

« groundwater flowlines inferred from the contours

« the approximate extent of the Andamooka Limestone

« the approximate positions of the main drainage divides.

The main features of the water table contours are:

« a general similarity to the regional topography, including a groundwater divide parallel
to the western shore of Lake Torrens, roughly coincident with the position of the surface
water divide;

» gradients to the north and north-east, from water table elevations exceeding RL 100 m AHD
in the Woomera area to water table elevations in the range RL 40-50 m AHD west of the
north end of Lake Torrens;

« inferred gradients to the east towards Lake Torrens;

* the main flow path through Olympic Dam developed to the north from the Woomera area;
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* a localised impact of the Olympic Dam mine;

» probable flow towards the northern end of Lake Torrens from the west and south-west
through the Andamooka Limestone (an interpretation limited by lack of data in this area).

Regional groundwater flow system

The contours show a northerly trending trough extending through Coorlay Lagoon and
Olympic Dam, with a groundwater divide separating this northerly flow path from another
north-easterly flow path directed towards Lake Torrens. The inferred divide is based on
sufficient data to be confident that it exists. However, there are few data points in the area
to the north-east of Olympic Dam and west of Lake Torrens, and it is not known whether the
divide ceases or persists (either extending further north or swinging to the east to form an
east-west divide between Lake Torrens and Lake Eyre).

Groundwater levels in the west of the Stuart Shelf broadly show a gradient towards the east,
more or less parallel to the northern boundary of the Andamooka Limestone and towards the
northern end of Lake Torrens. The groundwater levels measured in the west and north-west
are higher by tens of metres than those immediately north of Olympic Dam, which appears
to preclude the northerly flow path from swinging to the west.

-
0O Lt Y M P I C D A M E X P A N § I O N P R O J] E C T E I 5 4'3f



436

The possibilities for the extension of the flow path through Olympic Dam are that it:
» extends northwards, with evaporative discharge south of the Great Artesian Basin;

* swings to the east around the nose of the groundwater divide and discharges groundwater
into the northern end of Lake Torrens.

The distribution of the Andamooka Limestone, which is likely to have enhanced hydraulic
conductivity due to karstic features, lends support to the latter possibility. The limestone has
its greatest thickness around the northern end of Lake Torrens, and the hydraulic gradients
are lowest in the area around and north of Olympic Dam. This would allow the relatively
more transmissive Andamooka Limestone to collect and channel the groundwater flow from
the south and west to discharge at the northern end of Lake Torrens.

The impact of mine drainage at Olympic Dam is substantial but localised, with tens of metres
of drawdown near the mine but little, if any, effect distinguishable beyond a distance of 5-10 km.
The mine impact can be seen in Figure 4.19.

This contour plan and its interpretation differ from that presented in the 1983 EIS because a
larger area has been considered, allowing a clearer picture to emerge of the regional flow
system in the light of greater hydrogeological understanding of the region.

4.6.2 Groundwater monitoring

The operations at Olympic Dam include an extensive groundwater monitoring network. This
network includes bores strategically located to monitor the effect of the operations on the
Andamooka Limestone and Arcoona Quartzite aquifers within the Special Mining Lease area
and regional groundwater outside that area.

The monitoring bore network is described below, generally in chronological order of
development. The locations of the monitoring bores are shown in Figure 4.20.

Pre-1994 monitoring bores

A network of old exploration boreholes, which are numbered with an RD (Roxby Downs)
prefix, has been used for groundwater monitoring since 1981 to record the progressive
drainage of the Andamooka Limestone and Arcoona Quartzite aquifers. Most of these bores
are open hole (i.e. uncased) and intersect both the Andamooka Limestone and Arcoona
Quartzite aquifers. This results in a direct hydraulic connection between two aquifer systems
that would otherwise have a low degree of hydraulic connection. The RD exploration
boreholes are monitored for water level on a quarterly basis.

Monitoring bores installed between 1994 and 1996

During January 1994, a monitoring bore drilling, testing and sampling programme was
developed, initially around the tailings retention system, to further define the nature of the
water table in the Andamooka Limestone and Arcoona Quartzite aquifers. Drilling
commenced in late February 1994, and between March 1994 and February 1995 forty new,
aquifer-specific, groundwater monitoring bores were installed.

Thirty-four of the groundwater monitoring boreholes were installed within a 1 km radius of
the tailings retention system. Thirty boreholes were constructed to monitor groundwater in
the Andamooka Limestone aquifer, and four others to monitor groundwater in the Arcoona
Quartzite aquifer,

Two boreholes were installed at each of three locations at least 7.5 km from the Whenan
Shaft to act as regional groundwater monitoring bores for the Andamooka Limestone and
Arcoona Quartzite aquifers at each location.
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FIGURE 4.20
MONITORING BORE NETWORK
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These boreholes have not been given the RD prefix, to differentiate them from the
exploration boreholes. Their prefixes refer to the following:

(&)

LT—Limestone aquifer in the tailings retention system area:

sited but not installed);

QT—Quartzite aquifer in the tailings retention system area: QT1-QT4;

LR—Limestone aquifer; regional: LR1-LR3;

QR—Quartzite aquifer; regional:

N

QRI1-QR3.

PR O | E C T E

LT1-LT31 (LT26 has been
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Production bore network for tailings retention system groundwater

As a measure for recovering groundwater from below the tailings retention system, three
production bores (LP1-LP3) were installed around the system and pump-tested during late 1994,
A further five production bores (LP4-LP8) were installed along the eastern boundary of the tailings
retention system during February 1995. Pumping from these bores has not occurred to date.
4.6.3 Site activities that influence groundwater systems

The site activities that would influence the groundwater systems are:

« drainage into the underground mining operations

« operation of the tailings retention system

« operation of the saline water borefield.
These site activities are described further below.

Dewatering of underground mining operations

The underground mining operations (shafts, service decline and ventilation raises) intersect
the Andamooka Limestone and Arcoona Quartzite aquifers. As a consequence, groundwater
from these aquifers drains into the mining operations where it is collected and directed by a
series of sumps, pump stations and pipelines to the surface facilities.

The water collected is highly saline and of limited use, with a portion being used in the mine
for drilling and on site (surface and underground) for dust suppression. The remainder is
disposed of in the mine water disposal pond located adjacent to the tailings storage facility
(Figure 4.21).

FIGURE 4.21
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For the Expansion Project, the method of collecting drainage waters from the aquifers would
be similar to the existing method but on a larger scale owing to the increased scale of the
mining operations.

When ore production (currently 3.0 Mt/a) exceeds 4.0 Mt/a, two additional pumps with a
combined capacity of 100 L/s would be installed. As much mine water as possible would be
drained by gravity to a pump station 420 m below ground level (approximately RL -320 m
AHD), which would be used to pump collected water to the surface for use in dust suppression
or disposal in the mine water disposal pond. All other mine water would be drained to a pump
station at 620 m below ground level (approximately RL -520 m AHD) or pumped by an auxiliary
pump station in each ore pass to a screening chamber at the 360 m level.

Each mine area is expected to have an auxiliary pump station at approximately 400 m below
ground level (approximately RL =300 m AHD) and a secondary pump station at the 620 m
level. All secondary pump stations in the mine would be identical, each complete with its
own sump.

Should the whole mine dewatering system be inoperative for some reason, such as power
failure, the decline to the bottom of No. 3 shaft and the shaft itself are intended to be used
for emergency water storage up to the loading station level. At the expected drainage flow
rate of 7.3 ML/d, this would provide approximately three days’ storage.

Operation of the tailings retention system

The tailings retention system consists of the tailings storage facility, the mine water
disposal pond and the evaporation ponds. Seepage to groundwater is known to occur
from the mine water disposal pond and, previously, from the tailings storage facility. As
described in Section 8.1, the operation of the tailings storage facility has changed
substantially in recent years in order to ensure minimum seepage from this facility.
Groundwater monitoring around the area indicates that the new measures are successfully
meeting this objective.

As part of the Expansion Project, the tailings retention system would be modified as follows:

* The mine water disposal pond would be relocated to a new site north-east of the Whenan
Shaft (as shown in Figure 3.7) and increased in size from 15 ha to 30 ha to cater for the
increased rate of groundwater recovery from the mining operations. The new site has
been selected so that seepage would remain within the area of groundwater drawdown
caused by the dewatering of mining activities, described further below, and sufficiently
distant from the tailings storage facility so as not to interfere with groundwater monitoring
at that location.

e The tailings storage facility would be expanded, as described in Chapter 8. As also
described, the design of the expanded facilities would be largely driven by seepage
minimisation considerations.

« A new evaporation pond would be built that would incorporate a composite (synthetic
and clay) lining system as used for the existing evaporation ponds. No measurable
seepage would therefore be expected from these facilities.

4.6.4 Local impacts on the Andamooka Limestone aquifer

Figure 4.21 shows the groundwater level contours for the Andamooka Limestone aquifer
developed from February 1997 water level monitoring data. The significant feature of the
groundwater contour map is a groundwater mound beneath the tailings retention system.
Groundwater levels presently extend to a maximum level of about RL 70 m AHD
(approximately 30 m below ground level) in Bore LT17 at the eastern end of the mine water
disposal pond.
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Figure 4.21 also illustrates the current trend in groundwater levels under the tailings
retention system by showing changes in water level in the Andamooka Limestone aquifer
between February 1996 and February 1997. Decreases in water levels of less than 1 m
have been evident in LT-prefixed bores in the central areas of the tailings retention
system. These decreases are interpreted as indicating the effectiveness of the changed
operating system for the tailings retention system in reducing seepage from the tailings
storage facility.

Figure 4.21 shows that the greatest water level increase has occurred underneath the mine
water disposal pond, suggesting that this pond is a significant contributor to the groundwater
mound currently observed below the tailings retention system.

Groundwater in the mound beneath the tailings retention system area is expected to migrate
towards the cone of depression centred on the Whenan Shaft. The cone of depression
dominates the groundwater regime of the mine area. Monitoring has identified that this
groundwater has dissolved radionuclide levels that are similar to or less than naturally
occurring groundwater.

The radionuclide levels would therefore not cause any occupational health problems in the
mine dewatering operations.

Following completion of the Expansion Project, the groundwater levels in the Andamooka
Limestone aquifer are expected to change as follows:

» Around the Special Mining Lease area there would be a continued general decrease in
levels, centred on the Whenan Shaft, owing to the continued dewatering of underground
mining activities. This effect would continue to dominate the groundwater regime of the
mine area.

« Groundwater levels would decrease underneath the existing tailings retention system,
predominantly as a result of the relocation of the mine water disposal pond but also
because of the new operational procedures for the tailings storage facility.

» A groundwater mound would develop underneath the new mine water disposal pond.
With time, this water would also migrate to the underground mine workings, essentially
resulting in recycling of naturally occurring groundwater in the mine area.

4.6.5 Local impacts on the Arcoona Quartzite aquifer

Figure 4.22 provides a groundwater contour plan of water levels as at October 1996 in the
Arcoona Quartzite derived from water level information from monitoring bores QT1-QT4
and QR1-QR3. The plan also includes data from the RD exploration bores in the central
mine area. This figure shows the extent of a groundwater cone of depression that has formed
in the Arcoona Quartzite aquifer.

The asymmetry of the cone of depression appears to indicate recharge to the Arcoona
Quartzite aquifer from the Andamooka Limestone aquifer in the vicinity of the south-western
corner of the tailings retention system. Drainage between the aquifers could possibly be
occurring through old exploration bores in the tailings retention system area, such as RD234,
RD788 and RD787, but evidence of this is not conclusive.

The groundwater contours suggest that flow in the Arcoona Quartzite, including that under

the tailings retention system, is towards the centre of the cone of depression from all
directions.

Following the proposed expansion, the groundwater levels in the Arcoona Quartzite are
expected to continue to decline as a result of continued dewatering of underground mine
operations.
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After the cessation of mining, water levels would be expected to take a long time, perhaps
centuries, to recover to a point where the pre-mining groundwater flow system re-established
itself. The information available strongly suggests that this flow would be directed towards
the saline aquifer beneath Lake Torrens.

4.6.6 Impacts on regional groundwater systems

To date, water levels in the regional groundwater monitoring bores have not shown any
significant changes that can be attributed to activities at Olympic Dam. The regional water
table contours (Figure 4.19) suggest that the cone of depression at the mine site is small when
considered at the scale of the Stuart Shelf. It nevertheless appears to be intersecting a
significant proportion of the flow through the regional aquifer system, which is probably
consistent with the current high rates of mine inflow (estimated at 3.2 ML/d), which could be
a substantial proportion of the regional flow given the low gradients and low rates of
groundwater recharge.

In future, the groundwater system at Olympic Dam would continue to exhibit a net loss of
water through the evaporation of mine drainage water from the mine water disposal pond
and the use of water for dust suppression, which also evaporates. Therefore, during the mine
life, the cone of groundwater depression in the Arcoona Quartzite aquifer would continue to
develop until the rate of groundwater flow towards the mine, from all directions, equalled
the rate of water loss. Following the Expansion Project, the rate of mine inflow is expected
to increase to about 7.3 ML/d.

Regional groundwater in the Arcoona Quartzite is highly saline and is not used locally as a
water supply. It is also too deep to affect surface vegetation. Therefore, the site activities
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should not result in the regional groundwater being altered in either level or quality such as
to harm the environment.

The current belief is that the groundwater flow from the mine area is directed towards Lake
Torrens, and flow towards Lake Eyre and the Great Artesian Basin is considered unlikely. In
general, a groundwater divide is expected between two large and widely separated areas of
groundwater discharge such as Lake Torrens and Lake Eyre, particularly since the
Andamooka Limestone aquifer does not extend far to the north beyond Lake Torrens.

4.7 STORMWATER MANAGEMENT

Stormwater management for the Expansion Project would continue to use the same approach
as the existing plant. This would involve:

« provision of additional capacity in water-retaining structures, such as the tailings retention
system and evaporation ponds, so that direct rainfall can be contained;

« provision of impervious bunding around process equipment, enabling spillages, wash
water and stormwater to be collected and returned for use as process water;

s direction of stormwater from other impervious (sealed) areas of the plant to unlined
sumps, where it would be allowed to infiltrate and evaporate;

« direction of stormwater from other (unsealed) areas to amenity plantings or retention
basins via open drains, where it would infiltrate and evaporate.

Previous experience at the site has indicated that regional rainfall is insufficient in quantity
and too erratic to warrant permanent facilities for collection of stormwater to augment water
supplies. However, as is current practice, temporary pumping facilities would be used
following large rainfall events to recover stormwater for use as process water.

The area proposed for expansion of the tailings retention system is characterised by local
drainage patterns and does not serve any regional drainage function. Hence the diversion of
stormwater is not required for these facilities, although rock erosion protection would
continue to be provided to the outer containment bunds.
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LAND USE

CHAPTER

This chapter describes the present land use of the region surrounding the Olympic Dam operations. The
potential land use impacts predicted in the 1983 EIS are presented and compared with those that have
actually occurred since the commencement of mine operations, as a basis for identifying any additional
or changed impacts that could arise following the proposed expansion. The chapter concludes with a

discussion of the projected long-term use of the Project Area.

5.1 EUROPEAN HISTORY

Early exploration of this region in the mid to late 1800s by Eyre, Stuart, Babbage, Warburton
and Giles is well known and has been widely documented. This early exploration led to an
expansion of pastoralism in the area following favourable reports of the area’s grazing potential.

The mound springs along the south-western margin of the Great Artesian Basin (as shown in
Figure 4.7) were influential in this expansion, particularly in the areas providing access for
stock to these sources of permanent water. The overland telegraph line, the old bullock track
and the Marree — Alice Springs railway line also passed through the mound springs area.

Most of the pastoral leases to the north-west of Port Augusta were taken up during the 1860s
and 1870s, with pastoral activity reaching its peak in the late 1880s. Since that time, lease
ownership and boundaries have changed many times, generally reflecting changes to
economic viability, the effects of droughts or the relocation of transportation facilities. The
history of Roxby Downs Station as discussed in the 1983 EIS is typical of that of many
present-day stations in the north-west pastoral district.

Pastoralism remains the most extensive land use in the region.

5.2 CURRENT LAND USE

The current regional land uses shown in Figure 5.1 include:

s pastoralism

* mining

* defence (Woomera)

e tourism and recreation

* conservation areas.

The factors that influence regional development are considered in Section 5.4. Land use
impacts and mitigation measures are described in Section 5.5.

5.2.1 Pastoralism

Current pastoral land use and land tenure patterns have evolved since settlement of the
region in the late 1800s, and are based on cattle grazing north of the Dog Fence, with sheep
and/or cattle grazing to the south. The tenure of the various properties is held under
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renewable leases regulated under the Pastoral Land Management and Conservation Act 1989
(SA), in which lessees are granted the right to occupy the area of land specified in the lease
and to use it for livestock grazing.

Allied to this Act is the Soil Conservation and Land Care Act 1989 (SA), which provides for
the conservation and rehabilitation of lands within South Australia, in part through the
establishment of local soil conservation boards.

Olympic Dam is located within the Kingoonya Soil Conservation District, an area of
65,800 km? encompassing twenty-two pastoral leases. The Roxby Downs Town
Administrator is represented on the Kingoonya Soil Conservation Board by a senior member
of WMC’s environmental staff who has been active in the formulation of the District Plan.

There are seven pastoral leases (Figure 5.2) in the immediate vicinity of Olympic Dam, six of
which are located in the Kingoonya Soil Conservation District:

»  Roxby Downs
» Parakylia South
* Purple Downs
» Andamooka

» Parakylia

« Billa Kalina

The seventh, Stuart Creek, is located within the Marla—Oodnadatta Soil Conservation District.

The total area of these seven stations is approximately 23,000 km?2. Parakylia presently runs
both sheep and cattle, and Purple Downs formerly ran cattle but is currently destocked.
Roxby Downs and Parakylia South are also currently destocked, but both have run sheep in
the past. In recent years, Andamooka has grazed cattle rather than sheep, and this change is
considered to be due in part to the presence of an increasing number of dingoes inside the

| o \Bllta Kalina HS
| T STUART CREEK
2 : )
) ' S WITCHELINA
MILLERS CREEK s BILLAKALINA 2 MULGARIA
; i
; &
Q.
] o Tl
o ; 8
\ i EDIACARA
Parakylia HS OLYMPIC DAM St
ANDAM
PARAKYLIA g
Teel ROXBY DOWNS : \
noxevog‘wws —— mromsus .
Roxby Downs HS‘] ‘:ﬂndamooka S -
PARAKYLIA SOUTH Purple Doyms H5%
' PURPLE DYWNS
FIGURE 5.2
Pastoral boundary PASTORAL AREAS AROUND
Major road OLYMPIC DAM
Minor road ARGOGNA
-------- Track
/IL\ 9 5!0 km




Dog Fence (Badman 1995). Billa Kalina and Stuart Creek stations are situated north of the
Dog Fence and run cattle exclusively. The Roxby Downs, Parakylia South, Purple Downs
and Andamooka pastoral leases are all held by WMC,

The area in the vicinity of Olympic Dam is recognised as being the most productive within
the area covered by the Kingoonya Soil Conservation Board (L. Yelland, Pastoral
Management Branch, South Australian Department of Environment and Natural Resources
(DENR), pers. comm., October 1996). Comparative data of stocking rates for five of the
above pastoral leases are presented in Table 5.1. Data for Stuart Creek are reported by the
Pastoral Management Branch of DENR as being combined with those for Anna Creek and
The Peake stations, and cannot be differentiated. Stocking rates are presented as dry sheep
equivalents, a term that refers to the feed requirements of a non-lactating ewe without lamb.

Table 5.1 Comparative data of stocking rates (in dry sheep equivalents) on stations adjacent to
Olympic Dam

Pastoral lease

ltem

Roxby Downs'  Purple Downs'  Andamooka Parakylia  Billa Kalina?
Area (km?) 2,813 751 2,359 2,353 5,076
Maximum stock numbers under 28,000 9,000 18,700 24,000 20,000*
lease agreement
Rated stock numbers (defined by 21,600 5,783 14,626 18,118 16,000°
ecological conditions)
10-year average stocking level 16,251 6,157 10,661 16,499 19,695°
20-year average stocking level 17,675 6,569 11,278 15,887 17,2057
Dry sheep equivalent per km* 6.28 8.74 4.78 6.75 3.38°

(20-year average)

1 Currently destocked, Figures are from data collected prior to destocking.

2 Billa Kalina is located north of the Dog Fence and is exclusively a cattle grazing property.

3 Conversion of cattle numbers to dry sheep equivalents is 1:5 (Pastoral Management Branch, pers. comm., October 1996,
Source: ). Chappell, Pastoral Management Branch, Department of Environment and Natural Resources, pers, comm., Oclober 1996,

Under the provisions of the Pastoral Land Management and Conservation Act 1989, the
Pastoral Board has a duty to assess the condition of leased land. This assessment must
include a review of the land’s capacity to carry stock, with the resulting report presented to
the lessee. The lessee has a duty:

e to manage the pastoral enterprise with land management practices that prevent
degradation;

* to endeavour to improve the condition of the land.

Roxby Downs, Purple Downs and Parakylia South pastoral leases were completely destocked
in October 1996 soon after being acquired by WMC, following discussion with the Pastoral
Management Branch of DENR. This destocking was necessitated by previous overstocking
of the land, which led to degradation of the dune tops through wind erosion and dune
movement (). Chappell, Pastoral Management Branch, Department of Environment and
Natural Resources, pers. comm., October 1996). The condition of the pastoral leases is being
monitored by the Pastoral Management Branch, and any restocking would follow
consultation with DENR.

The carrying capacity of a pastoral lease in the area is determined by a combination of such
factors as soil quality and conditions, recent rainfall, the quantity and quality of available
stock feed, and the location of watering points. In the vicinity of Olympic Dam, stock have
traditionally relied on dams which store the surface run-off resulting from the region’s erratic
rainfall. These small dams are excavated at the lowest points of some of the larger closed



catchments, with local clay used to seal the base. Drainage channels leading to the dams
are often created to increase run-off. During heavy rain the dams accumulate water and may
even fill; however, the region’s high evaporation rate and low variable rainfall make them an
unreliable water supply. In the vicinity of Olympic Dam, dams are approximately 12 km
apart. Claypans, some of which have previously held water for six to eight months following
heavy rainfall events, provide an additional source of stockwater.

Stockwater is also provided by WMC to five pastoral properties from the M1 pipeline
connecting Borefield A with Olympic Dam. The Borefield B pipeline incorporates potential
stockwater takeoffs to service the properties it traverses, as well as adjacent properties.
Monitoring bores for both borefields are also a source of stockwater. In total, eight pastoral
properties could be serviced from the Borefield B pipeline and monitoring bores.

Rabbit Calicivirus Disease is believed to have spread throughout the area in the vicinity of
Olympic Dam in late 1996. WMC environmental management staff at Olympic Dam have
found that a significant reduction in rabbit numbers has occurred recently in the area.

The Dog Fence extends generally east-west through the arid zone of South Australia, and
provides a barrier to the migration of dingoes into the sheep grazing areas south of the fence.
Contractors employed by regional boards undertake regular patrols and maintain the fence.
The Dog Fence crosses the Borefield Road approximately 5 km north of the Olympic Dam
Special Mining Lease.

5.2.2 Mining

Olympic Dam is located in the Stuart Shelf (Figure 3.1), which is a region of significant
mineralisation. In recent years there has been an intensification of mineral exploration of the
Gawler Craton - Stuart Shelf region, much of which can be attributed to the South Australian
Exploration Initiative. Large-scale aeromagnetic surveys of the State have led to ongoing
exploration projects and the discovery of several important gold, coal and iron prospects. |t
is envisaged that exploration of the region will continue to increase. There are currently
more than twenty exploration leases in the immediate vicinity of Olympic Dam (Figure 5.3).
Mineral exploration and production in South Australia are regulated by the Mining Act 1971
(SA) and Regulations.

Copper and uranium

Copper has been mined near Mount Gunson (Figure 5.3), approximately 110 km south-east
of Olympic Dam, since 1898. Further copper reserves were discovered nearby in 1973.
Although Mount Gunson no longer produces copper concentrates for smelting, production
of relatively small quantities of copper-based fertiliser additives continues. Copper was also
mined around the turn of the century in the Willouran Ranges, south of Marree, and near
Finniss Springs.

The Olympic Dam copper and uranium deposit was discovered by WMC in 1975. The
deposit also contains recoverable amounts of gold, silver and rare earth oxides, although the
last are currently not being recovered. The mine, commissioned in 1988 to extract and
process the deposit, is one of the most significant mining operations in the northern region
of South Australia, and is a significant contributor to the State’s economy. WMC also
maintains an active, ongoing mineral exploration programme in the region.

Coal and iron

Significant coal resources exist within northern South Australia. Of these, the deposit at Leigh
Creek has been mined by ETSA Corporation for many years.

An estimated ten billion tonnes of sub-bituminous coal have been discovered by
Meekatharra Minerals near Oodnadatta (shown in Figure 1.1) in the Arckaringa Basin. Iron
ore deposits have also been discovered in close proximity.
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The extensive reserves of iron ore in the Middleback Ranges (west of Whyalla) have been
mined by BHP for many years. Railway lines from Iron Knob and Iron Baron transport the
ore to BHP's steelworks and iron ore pellet plant at Whyalla.

Gold and silver

Gold and silver are currently extracted from WMC’s Olympic Dam mine in conjunction with
the mining of copper. The general region including the Gawler Craton and Stuart Shelf
(Figure 3.1) has recently been described as Australia’s potential next major gold province.
Increasing mineral exploration in the region has led to the discovery of further gold deposits,
such as the significant finds in exploration drill holes in the Tarcoola region.

Precious stones

Coober Pedy (shown in Figure 1.1), some 250 km north-west of Olympic Dam, has extensive
opal resources, discovered in 1915. Mining became established after the First World War,
and expanded after major new finds in 1946.

The extensive opal resources at Andamooka, east of Roxby Downs, were discovered in 1930,
and deposits were first mined in 1933 (Kinhill — Stearns Roger 1982). More recently, the
Mintabie region 30 km west of Marla (also shown in Figure 1.1) has been established as the
third major opal mining area in South Australia. Opal is also mined at the smaller Stuart
Creek Precious Stones Field, located within the Mulgaria pastoral lease.

Some 80% of world opal production comes from South Australia.

Oil and gas

Oil and gas are produced at Moomba in the Cooper Basin (shown in Figure 1.1) in the far
north-east of South Australia, a distance of approximately 400 km from Olympic Dam. The
Cooper Basin is one of Australia’s principal oil and gas fields. The major facilities are at
Moomba, and are operated by Santos Limited.

The Moomba-Adelaide gas pipeline was completed in 1969, and the Moomba-Sydney gas
pipeline in 1976. In 1981 a petroleum liquids project was developed and a pipeline was
built to a new petroleum liquids plant at Port Bonython, near Whyalla.

Minor deposits

Copper, uranium, iron ore, coal, oil and gas, and precious stones form the core of mining
operations in northern South Australia. There are a number of other, smaller mineral deposits
which have been worked in the Olympic Dam region. These include barite on the floor of
Pernatty Lagoon, manganese in the same location, barite in the Flinders Ranges, and white
and grey laminated clays extracted for ceramic purposes at Woocalla, also near Pernatty
Lagoon (Kinhill - Stearns Roger 1982).

There is a small sand-mining undertaking on Purple Downs Station, and a small-scale stone
quarry on Andamooka pastoral lease (Kingoonya Soil Conservation Board 1996). Neither is
currently in operation. Small quarries are also operated intermittently for road and railway
construction and maintenance by government agencies and others.

5.2.3 Defence (Woomera)

Woomera, approximately 80 km south of Olympic Dam, was originally established as part
of a joint British and Australian long-range missile development project. An extensive
Prohibited Area was designated around Woomera in 1946. The extent of the Prohibited Area
has since been reduced following modifications to the range function. The present boundary
of the Prohibited Area in the vicinity of Olympic Dam is shown in Figure 5.1.
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The township is now primarily used as a residential base for the Joint Defence Facility,
Nurrungar, located approximately 20 km to the south. From a peak of approximately 4,000
people in 1974, Woomera's population has declined to approximately 1,250. The participation
of the United States of America in the Nurrungar facility is ‘declining, and current
expeclations include closure of Woomera's operations around the year 2000 (D. Kenny,
Defence Support Centre, Woomera, pers. comm., October 1996). Alternative uses of the
Woomera range are being examined by the Department of Defence and the Commonwealth
Government.

Tourism is actively encouraged to compensate for the effect of the decrease in population on
the town’s local economy (D. Kenny, Defence Support Centre, Woomera, pers. comm.,
October 1996). Examples of rockets, aircraft and weapons, and information relating to the
history and operations of the range are displayed in the Missile Park and Heritage Centre, and
a caravan park and hotel provide accommaodation and services for tourists and visitors. The
facilities for recreation and entertainment at Woomera, including the ten-pin bowling alley,
cinema and restaurants, are also used by Roxby Downs residents.

5.2.4 Tourism and recreation

Tourism is a recognised land use in the region, with inherent constraints of distance,
remoteness and climatic extremes. Although road conditions in remote areas can affect
access by conventional vehicles, the region has been identified in the Flinders Ranges and
Outback Tourism Development Strategy (South Australian Tourism Commission 1996) as an
area of potential growth.

Regional tourism peaks between March and November, with many visitors in transit between
South Australia, Queensland and the Northern Territory, via either the Birdsville or
Oodnadatta tracks. Some visitors also tour the region over a prolonged period, either
independently or as part of an organised tour.

Principal tourist attractions of the region (Figure 5.4) include:

* the mound springs, in particular Blanche Cup, Coward Springs and The Bubbler in the
Wabma Kadarbu Mound Springs Conservation Park;

» Lake Eyre;

« general features of the desert environment;

* siles of scenic, geological or heritage significance;

e the mining towns of Coober Pedy (shown in Figure 1.1), Andamooka and Roxby Downs;
« the township of Woomera.

There are also a number of well-attended social and sporting events organised in the region,
such as the:

* biennial Curdimurka Ball

* Glendambo annual bachelor and spinster ball

+ Glendambo races and gymkhana

* Roxby Downs horse races, annual cup and gymkhana

* Roxby Downs annual ‘Boogie in the Bush’

« Marree camel and horse races

* Andamooka annual White Dam Walk

« Andamooka annual Opal Festival
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A further benefit that has occurred is the increased awareness of conservation and water use
issues in the region.

Potentially negative impacts predicted in the 1983 EIS included:
» division and loss of land

* vehicle-stock accidents

» other hazards to stock

e vandalism.

Concern has been expressed by the regional pastoralists regarding the possible drawdown
effects of extracting groundwater from the Great Artesian Basin at Borefield B. All the above
potential impacts, both positive and negative, are discussed below.

Access to facilities

Roxby Downs is one of the two largest regional centres in South Australia north of Port
Augusta, the other being Coober Pedy. As predicted in the 1983 EIS, the establishment of
Roxby Downs has provided regional pastoralists with the convenience of ready access to a
wider range of commercial, service and educational facilities than was previously available.
The flow-on effect of increased population following the Expansion Project would provide
opportunities for further commercial development.

The South Australian Government has announced funding for the construction of a medical
facility at Roxby Downs, which will significantly improve medical services in the region.

Stockwater supply

The region falls within South Australia’s arid zone, where rainfall is erratic and well below
evaporation rates. Pastoralism is dependent on the supply of stockwater of a quality and
quantity that can sustain life and promote animal development.

Clauses 13 (13a) and (13b) of the Indenture provide for the supply to third parties of water
from the Olympic Dam mine water supply infrastructure. The quantities and locations of
these water supplies are subject to negotiation between WMC and the third parties. There
are currently ten water takeoff points from the M1 pipeline to Borefield A, supplying
stockwater to permanent water points on five pastoral leases. The estimated supply is 5 ML/a
(Department of Housing and Urban Development 1996b).

There are water takeoff points on the M6A pipeline from Borefield B that could be made
available to third-party users. The Department of Transport has also planned a water takeoff
from the M6A pipeline near the Qodnadatta Track. The quantities and locations of any
takeoff points would be subject to negotiation between WMC and third parties, as occurred
with the agreements for the Borefield A pipeline.

Improved transportation

As a result of the establishment or upgrading of regional roads, such as the Borefield Road,
pastoralists have benefited from improved road transportation and access. Following the
sealing of the Roxby Downs — Andamooka road, miners, pastoralists, tourists and service
industries have also benefited from the improved transport infrastructure that followed
establishment of the Olympic Dam mine and Roxby Downs township.

There are no changes expected in the level of benefil W pastloralists in the region in relation
to improved road access, as the proposed Expansion Project does not involve any major road
construction or improvement. General considerations relating to transportation are discussed
in Section 11.3.



Conservation and water use awareness

Since the 1983 EIS, WMC has undertaken extensive ecological survey work and monitoring
of pastoral bores and mound springs. WMC staff as well as consultants working for WMC
visit the area frequently. Officers of the SA Department of Mines and Energy (MESA)
hydrogeological group and DENR also periodically visit the area.

As a result of these visits, and because of increased interest in conservation and water use hy
the pastoralists themselves, the awareness of these issues in the pastoral community is very
high. This awareness has led to pastoralists improving stock control around the mound
springs, giving assistance to WMC and others in research activities and helping MESA in its
bore capping programme,

Division and loss of land

One of the major impacts predicted with the establishment of the Olympic Dam mine and
Roxby Downs township in the early to mid-1980s was the loss of land and production from
the Roxby Downs pastoral lease. As compensation for the conversion of approximately 10%
of the area of Roxby Downs pastoral lease for the Special Mining Lease and Municipal Lease,
arrangements were made for WMC to provide a similar land area from the Purple Downs
pastoral lease. Subsequently, the Roxby Downs, Purple Downs and Parakylia South pastoral
leases were also acquired by WMC, and destocked to mitigate past management practices
which had led to land degradation. As discussed in Section 5.2.1, any restocking would
follow consultation with DENR.

The division and loss of land is no longer an issue as WMC now holds the leases to all of the
stations in the immediate vicinity that could be affected by the Expansion Project. In due
course some extension of the boundaries of the Special Mining Lease area would be necessary
as part of the expansion, and this extension would be applied for in the appropriate manner.

Vehicle-stock accidents

North of Port Augusta, as in most remote areas of Australia, many sections of transportation
corridors are unfenced, with inevitable risk of death and injury to stock grazing on roadside
paddocks and table drains.

The risk of stock mortality is highest on the Borefield Road within the boundaries of Stuart
Creek pastoral lease. Stock watering points taken off the M1 pipeline are close to the
roadway, as are disused gravel pits that hold water following rain. Towards evening, cattle
move away from these water supplies and cross or walk along the roadway, thereby
increasing the risk of vehicle-stock accidents. Options for mitigation of this risk are currently
being discussed with the pastoral lessees, and may involve the erection of additional hazard
signs in the vicinity of these watering points to alert drivers to the presence of cattle.

With the proposed expansion, the mortality rate of stock and native fauna on other roads may
rise as a result of the increase in heavy vehicle transportation of mine products and service
inputs.  WMC includes driver awareness and education in its employee induction and
ongoing occupational health and safety programmes.

Hazards to stock and vandalism

Prior to initial approval of the 1983 EIS, regional pastoralists expressed several concerns
during the public consultation process relating to the exposure of stock to the increased
population of the area, including the potential dangers if shooters and town dogs had
unrestricted access to leases. Vandalism of stock watering points and the consequences of
interference with gate-regulated stock control were also issues of concern. The incidence of
fire was also predicted to increase following destocking of the mine area and the introduction
of mine and township revegetation programmes.
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These concerns have essentially been alleviated by WMC’s recent purchase and destocking
of Roxby Downs pastoral lease. The level of impact on other pastoral leases is not reported
by pastoralists to have been significant.

WMC management has made a concerted effort to mitigate impacts on adjacent pastoral
leases by establishing codes of practice, by promoting a responsible environmental ethic
during employee and contractor inductions, and through education. WMC does not permit
the possession of guns within the Special Mining Lease.

The incidence of fire does not appear to have increased as predicted in the 1983 EIS. It is
recognised that fires can only occur in the years following exceptional rainfall events, when
there is sufficient vegetation to sustain a fire (Kingoonya Soil Conservation Board 1996).
Most fires in the region are started by lightning strikes and, occasionally, by unextinguished
camp fires close to Roxby Downs. Experience to date has shown that these fires are rapidly
contained. The effects of reduced grazing of emergent plants by sheep or cattle following
destocking, and by rabbits following the introduction of Rabbit Calicivirus Disease, are
expected to be offset by a commensurate increase in grazing by kangaroos, with no net
change in fire risk from this cause.

Unauthorised use of motorcycles and off-road four-wheel drive vehicles in areas surrounding
the town and on neighbouring pastoral properties has caused some loss of vegetation and
subsequent erosion. Mitigation measures that have been implemented to date include the
establishment of a moto-cross circuit near the Roxby Downs township.

A further mitigation measure involving establishment of a dedicated area for the use of off-
road vehicles, encouraging the use of this area and deterring the use of other, more sensitive
areas, is currently being considered. Regular local newspaper items and other forms of
publicity highlight the environmental issues associated with off-road driving.

Groundwater drawdown effect

As part of the consultation process for the establishment of Borefield B, regional pastoralists
expressed concern about the potential impact of drawdown on their water supplies.

The Indenture provides that pastoralists shall continue to have the right to use groundwater for
the proper development and management of the existing use of the lands occupied by them.

These rights can only be restricted or terminated by the State if WMC makes alternative
supplies available or agrees on an appropriate level of compensation. WMC is in negotiation
with pastoralists to formalise arrangements in written agreements.

5.5.3 Mining

There is considerable distance between the few major mining operations in the region. The
closest significant mining activity to Roxby Downs is opal mining at Andamooka. The
interests of the mining community in the Andamooka Precious Stones Field are protected
against the implications of a Special Mining Lease (such as that held by WMC) being granted
in the Andamooka region by Clauses 19 (12) and 20 (10) of the Indenture. These clauses
protect the rights of the town’s present and future opal miners to prospect and mine opals to
a depth not exceeding 50 m below the surface.

5.5.4 Tourism and recreation

There are no recognised areas of scenic or recreational attraction in the immediate vicinity
of the Olympic Dam mine that may be affected by the proposed Expansion Project (Flinders
Ranges and Outback South Australia Tourism Inc. 1996). However, there are unofficial
picnic areas, camping areas and off-road vehicle tracks and circuits in the vicinity of Roxby
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Downs township that have been affected by uncontrolled use in the past, resulting in soil
erosion and degradation of flora (F. Badman, WMC, pers. comm., November 1996). It is
expected that, in the absence of mitigation, the proposed increase in the population of Roxby
Downs township would proportionally increase impacts on these areas.

WMC has recognised the need to mitigate present and future recreational use impacts.
Mitigation strategies currently under review include:

« dedicating a site for use by recreational off-road vehicles;

« promoting and managing visits to selected picnic spots and camping grounds
(Hore-Lacy 1994).

The proposed expansion and future operations of the Olympic Dam mine and Roxby Downs
township will continue to be a positive influence on regional tourist and recreation
industries. The Olympic Dam mine has become a tourist destination in its own right with
some 5,000 visitors annually undertaking surface tours of the mine. The fuel, food and
accommodation services in the town ensure that Roxby Downs continues to attract visitors
to the town and to the region.

The establishment of the Borefield Road has shortened the travel time between Port Augusta
and the mound springs by completing a transport corridor linking Port Augusta, Woomera,
Roxby Downs and the Oodnadatta Track. It is expected that Roxby Downs may play an
increasing role in developing the tourist industry for the region, and that this position would
be enhanced by the increased population, services and accommodation expected to
accompany the Expansion Project.

A secondary consequence of increasing visitors to the region is a possibility of detrimental
impacts associated with uncontrolled access to sensitive areas, particularly the mound
springs. The management of these impacts would be a matter for government.

5.5.5 Weapons testing and research

It is not expected that the expansion of the Olympic Dam mining and processing operations
would have any direct impact on the current or future operations of the weapons research
facility and testing range, as both the mine and Roxby Downs township are outside the
Prohibited Area. However, Woomera may benefit from any increase in tourism to the region,
as discussed above.

As noted in Section 5.2.3, the recreation and entertainment facilities at Woomera are used
by Roxby Downs residents, as are the shops and hospital. This is expected to continue.

5.5.6 European heritage

The Expansion Project would not involve any disturbance of land within national parks and
wildlife reserves or to the sites of geological significance, sites listed on the Register of the
National Estate and the South Australian Heritage Register. Similarly, there would not be any
disturbance by the Expansion Project to items of historical interest associated with European
exploration and settlement of the region.

5.6 LONG-TERM LAND USE

WMC, through its Expansion Project, has declared its intent to operate Olympic Dam for at
least twenty years beyond completion of the initial expansion phase. While marginal
decreases are expected in the quality of ore extracted over this period, the orebody is
considered to be large enough to sustain production for a period well in excess of this. The
detailed rehabilitation requirements for the mine are presented in Chapter 14.




WMC plans to restock both the Roxby Downs and Parakylia South pastoral leases once they
have sufficiently regenerated, following consultation with the Pastoral Management Branch
of DENR. Management of the restocked stations may either be undertaken by WMC or be
contracted to a third party. WMC intends to continue to operate Andamooka as a productive
pastoral lease.

The township of Roxby Downs is a purpose-built, mining support town. It is expected that,
unless alternative uses for the municipality are encouraged to sustain the township when the
mine and processing plant operations cease, the township would decrease in size and may
cease to be a major regional service centre.
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traditions of Aboriginal people. It was predicted in the 1983 EIS that archaeological sites
would be found throughout the area, particularly in sand dunes near claypans or other water
sources, or near sources of raw materials.

As a result of the archaeological survey work conducted for the 1983 EIS, 437 archaeological
sites were recorded within the project area. Of these, 287 archaeological sites were recorded
within the current Olympic Dam Special Mining Lease and the Municipal Lease, fifty-three
were recorded in the Borefields area, and ninety-seven in other nearby areas.

The archaeological sites recorded in the Olympic Dam region included surface scatters of
stone artefacts such as campsites, knapping floors, quarries and stone arrangements. The
distribution of archaeological sites across the landscape was correlated with detailed
mapping of landform types and geological regimes to produce a predictive model of
archaeological sites located throughout the Olympic Dam Project Area.

The ethnographic information presented in the 1983 EIS was predominantly based on the
desktop research of existing Aboriginal site records held by the Heritage Conservation Branch
of the Department of Environment and Planning, and of anthropological, linguistic,
sociological and ethno-historic sources. The following matters affected the extent of
ethnographic information available at the time:

«  Much of the research for the 1983 EIS indicated that the Project Area was located within
Kuyani territory near the boundary with Kokotha territory. (Further work which began
during the preparation of the 1983 EIS and which was completed after its approval caused
a revision of this assessment, as explained below in Section 6.3.)

« Negotiations with Kokotha people, represented by the Kokotha People’s Committee
(KPC), did not result in agreement on arrangements for the confidentiality of cultural
information.

* On the basis of preliminary surveys by the Aboriginal and Historic Relics Preservation
Unit (now DoSAA), WMC was advised that, to the best of the Unit's knowledge, the
Olympic Dam Project Area did not contain significant Aboriginal sites. Subsequent to the
1983 EIS, the Kokotha people provided ethnographic information and WMC took action
to protect recorded sites.

Further Aboriginal heritage studies and consultation with Aboriginal groups since the 1983 EIS
have produced considerable additional information about the archaeological and
ethnographic aspects of the Aboriginal heritage of the Olympic Dam region, and an overview
of this is presented below.

6.3 ABORIGINAL HERITAGE MANAGEMENT SINCE 1983

6.3.1 Project Area

Since the 1983 EIS approval for the Olympic Dam Project, WMC has continued to take a
proactive approach to Aboriginal heritage within the Olympic Dam region. As a result
of the 1983 EIS, nine archaeological sites were identified for their special scientific value.
A programme of detailed archaeological recording and salvage work was undertaken on
these sites (Hiscock 1985).

In 1983, the then Joint Venturers funded an ethnographic survey with the cooperation of the
KPC. This survey resulted in eighteen Aboriginal ethnographic sites being located and recorded
both within and adjacent to the Olympic Dam Project Area (Hagen and Martin 1983). This
report contained recommendations for protecting these Aboriginal sites, following which
WMC established a heritage programme to monitor the sites.



The above report also indicated that the Olympic Dam Project Area was located within the
eastern part of Kokotha territory (Hagen and Martin 1983). Berndt (1983) independently
assessed and concurred with this finding. The findings of Hagen and Martin (1983) and
Berndt (1983) are consistent with the earlier fieldwork of Tindale (1974). Davis and Prescott
(1992) drew similar conclusions. However, it should be noted that Berndt in a 1985 review
concluded that, prior to the mid-1800s, the area as far west as Coondambo and to near Mount
Eba had been Kuyani territory (L. Hercus, pers. comm., April 1997).

As a further commitment to the protection of Aboriginal heritage, WMC signed an agreement
with the Andamooka Land Council (ALC) in 1994. The ALC represents a group of Kokotha
Aboriginal people who claim primary traditional affiliations with the land on which the
Olympic Dam Project Area is located, both through descent and through knowledge of the
Aboriginal law for the region.

The agreement between WMC and the ALC provides for additional Aboriginal ethnographic
and archaeological site survey programmes in the Olympic Dam Project Area to be
conducted as required. This relationship, however, does not exclude other Aboriginal people
or groups who may maintain a cultural heritage interest in the Olympic Dam region.

Between September 1994 and June 1995, four separate Aboriginal heritage surveys were
conducted in the Olympic Dam Project Area in conjunction with the ALC. These included an
ethnographic survey in September 1994, and archaeological and ethnographic surveys in
December 1994, March 1995 and June 1995. As a result of these surveys, an additional twenty-
three ethnographic sites, two Dreaming Tracks and 124 archaeological sites were recorded.

WMC respects Aboriginal concerns regarding the confidentiality of cultural information and
conducts all ethnographic surveys using, at the request of the ALC, a Work Area Clearance
procedure, which involves notification to the ALC of the need for survey work, the survey
and consultation, sign-off and reporting. In this type of survey the Aboriginal consultants do
not disclose cultural information pertaining specifically to sites of significance, but merely
advise WMC about the presence of an area of significance. It is WMC's policy to avoid all
ethnographic sites and to avoid disturbing archaeological sites whenever possible.

6.3.2 Borefields region

Pipeline corridor and borefields

Aboriginal heritage surveys were undertaken in the late 1980s and early 1990s as part of the
environmental studies for the extension of Borefield A, and for the Borefield B corridor
(WMC—Olympic Dam Operations 1991, 1992). At that time it was proposed to site
Borefield B in the vicinity of Crows Nest Bore. However, following this initial environmental
assessment work, Borefield B was relocated to its present location north-east of Muloorina
Homestead (Figure 11.1).

Initial studies identified a number of ethnographic sites in the Borefield B region, all of which
were avoided by the pipeline corridor to Crows Nest Bore. In addition to the fifty-three
archaeological sites identified in the Borefields area in the 1983 EIS, thirteen additional sites
were identified in the Borefield A extension survey work, and eighteen sites were identified
along the Borefield B corridor to Crows Nest Bore.

Following the decision to relocate Borefield B to north-east of Muloorina Homestead, further
Aboriginal heritage studies were undertaken. These are described in the Borefield B
Supplementary Environmental Studies report (Kinhill Engineers 1995a). This report was
subject to public consultation, and was advertised locally and nationally in September 1995.

The additional surveys showed no sites of ethnographic significance within the pipeline
corridor north of Crows Nest Bore. The corridor had already been moved to avoid the principal
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ethnographic site in the area. Four archaeological sites were located, and the corridor was
also realigned to avoid these sites. Overall, a total of eighty-eight archaeological sites have
been recorded in the Borefields area.

A specific Environmental Code of Practice was prepared for the Borefield B construction
works (Kinhill Engineers 1995b). The code is described in greater detail in Section 11.1.
Archaeological sites and environmentally sensitive sites were protected by temporary fencing
and signage during construction.

Mound springs

The archaeological and ethnographic significance of the arc of artesian mound springs that
extends from the northern end of the Flinders Ranges through the southern edge of Lake
Eyre to north-west of Oodnadatta has been examined by Lampert and Hughes (1985) and
Hercus and Sutton (1985). Both studies demonstrated the close correlation between
Aboriginal sites and their environmental settings; three factors—proximity to drinking
water, to raw materials for making stone artefacts, and to sand for camping on—either
singly or in combination appear to have most strongly influenced the nature and
distribution of sites within the area. Certain mound springs, as reliable sources of
drinkable water, would have been major foci for past Aboriginal occupation. The water
resources of the mound springs were similarly a focus for European settlement, especially
for pastoralism, transport and communications.

Lampert and Hughes (1985) made the assessment that, of some thirty identified mound
spring archaeological sites, about two-thirds were of major significance. They concluded
that, as a suite, these sites were a regionally important archaeological resource which
reflected the prehistoric use of the localised, permanent occurrences of drinkable water
at the mound springs. However, there had been considerable degradation of the sites
from past trampling and grazing by stock, and destruction from the direct effects of
construction of road and pastoral infrastructure. Archaeological sites accessible from
adjacent public roads had also heen stripped of artefact material, presumably by artefact
collectors and/or tourists.

Mound spring ethnographic sites have specific significance to the current traditions of
Aboariginal people in the region. The sites are predominantly mythological or ceremonial
in nature, and are almost universally associated with the water resources of the springs.
Hercus and Sutton (1985), in conjunction with Aboriginal informants, recorded twenty-
nine such sites between Marree and Curdimurka, which form part of a number of
Dreaming Tracks in the region. Initiations and ceremonies relating to these Dreamings,
in which some Aboriginal people alive today have participated, have been performed
on many occasions. As a result, they have traditional responsibility for the protection
and maintenance of the ethnographic values of the sites and localities. Out of respect
for their wishes and traditions, the sites and their particular significances are not
identified here.

A review of the Register of the National Estate indicates that the Bidalina Aboriginal site near
Coward Springs is the only site with specific Aboriginal values associated with the mound
springs that is listed in the Register (D. Heap, Australian Heritage Commission, pers. comm.,
November 1996).

The proposed expansion at Olympic Dam does not involve any physical disturbance of the
mound springs, hence their present archaeological values would not be affected. In addition,
the management of Borefield B, which is over 100 km from the mound springs, will ensure
that WMC's operations do not significantly alter spring flows, thereby mitigating any adverse
effect on their ethnographic significance.



6.3.3 275 kV transmission line

The 275 kV transmission line was approved in the 1983 EIS on an in-principle basis, subject
to additional heritage studies and assessment of route alternatives. Ethnographic studies on
the transmission line route commenced in late 1992, and further studies were undertaken in
early 1994, 1996 and 1997.

These studies showed an area of significance south-east of Woomera, along the route
proposed in the 1983 EIS. Further studies were undertaken in 1996 to resolve this issue, and
these studies are described further in Section 6.4.

6.4 EXPANSION PROJECT ABORIGINAL HERITAGE
SURVEYS

6.4.1 Project Area

Four separate Aboriginal heritage surveys have been conducted on both the Municipal Lease
and the Special Mining Lease since the beginning of 1996. These surveys have all focused
on proposed works areas associated with the Olympic Dam Expansion Project.

The conduct of the archaeological and ethnographic components of these surveys was
consistent with the approach developed during the previous Aboriginal heritage surveys with
the ALC. These surveys occurred in January—March, July (twice) and October 1996 and are
briefly summarised below.

» January-March 1996: Municipal Lease and Special Mining Lease Survey

This survey was conducted over two site visits, and examined proposed works areas
located within both the Special Mining Lease and the Municipal Lease. The
archaeological assessment examined two survey areas, totalling approximately 2.5 km?.
The ethnographic assessment examined seventeen proposed works areas, totalling
approximately 9.5 km?. One ethnographic site was recorded on the Special Mining Lease
and no archaeological sites were located (Anthropos Australis in prep.).

« July 1996: Special Mining Lease Survey

This survey consisted of an archaeological field inspection of thirteen proposed works
areas located within the Special Mining Lease. An anthropologist was present throughout
the survey to record any ethnographic concerns relating to the proposed works areas.
One ethnographic site and thirty-eight archaeological sites were located and recorded
within the Special Mining Lease (Archae-Aus 1996a).

» July 1996: Municipal Lease Survey

This consisted of an ethnographic and archaeological survey of eleven proposed works
areas totalling approximately 3 km? and located within the Municipal Lease. No
ethnographic sites were located and three archaeological sites were located and recorded
in one of the proposed works areas (Archae-Aus 1996b).

e October 1996: Special Mining Lease and Municipal Lease Survey

This consisted of an ethnographic and archaeological survey of eleven proposed works
areas located within the Special Mining Lease and the Municipal Lease. During the survey,
one ethnographic site was located within the Municipal Lease, thirty-eight archaeological
sites were located and recorded within the Special Mining Lease and ten archaeological
sites were located and recorded within the Municipal Lease (Archae-Aus in prep.).

As a result of the above four surveys, a total of two ethnographic sites and seventy-six
archaeological sites were recorded on the Special Mining Lease and one ethnographic site
and thirteen archaeological sites were recorded on the Municipal Lease.




6-10

6.7.3 Community development

WMC has initiated discussions with Aboriginal groups in relation to community development
programmes. The programmes as currently envisaged could incorporate the following
aspects for which WMC would undertake to provide financial or other support to assist the
participating groups’ attainment of their community-driven aspirations:

«  Administrative support:
— progressing the aims of Aboriginal groups and their relationships with WMC
— establishing administrative structures.
» Education:
- establishing scholarships, bursaries and employment traineeships
— facilitating the retention of traditional culture and laws.
* Employment:
- arranging subcontracts with principal site contractors.
* Enterprise development:
- developing appropriate business enterprise and employment schemes
~ establishing structures to encourage joint venture partnerships

- providing assistance to maximise the potential of existing Aboriginal enterprises.

6.7.4 Aboriginal employment

No known Aboriginal people from groups having a traditional association with the Special
Mining Lease or Municipal Lease areas currently live in Roxby Downs, or lived in the area
at the time the project was first developed. Individual members of these groups currently
reside in Port Augusta, Whyalla, Coober Pedy, Mutijulu, Adelaide and other areas within and
outside South Australia,

None of those Aboriginal groups consulted have indicated a desire to live in Roxby Downs
for the purpose of gaining employment. Given this situation and the fact that the non-core
mining functions are undertaken by contractors or as private commercial undertakings, the
strategies to provide greater Aboriginal employment opportunities will include, but not be
limited to:

« contractual arrangements to encourage the employment of Aboriginal people
« assistance for the expansion of existing Aboriginal-owned enterprises

» facilitation of new enterprises and joint venture partnerships.

Many of the towns surrounding the Olympic Dam Project Area are faced with shrinking
economies resulting from the winding down of railway and manufacturing industries, as well
as the seasonal and market influences on the pastoral industry. Under these regional
influences, it would be difficult to create new employment opportunities for a particular
Aboriginal group whose members are widely scattered and whose traditional values differ
from those of the mainstream population. Nonetheless, WMC has undertaken to continue to
address the issues through appropriate, proactive consultation strategies directed at providing
greater self-reliance for Aboriginal groups.






BIOLOGICAL ENVIRONMENT

CHAPTER

This chapter reviews the existing biological environment in the region and the Project Area, and provides
an analysis of the past and predicted project impacts. The chapter includes a brief review of ecologically
sustainable development and biological diversity; an assessment of the flora and fauna of the region and
in the Project Area, including a review of predicted impacts and mitigation; and an examination of the
mound springs in the region.

Throughout Chapter 7 the following areas are discussed:

« the Project Area, which includes all of the land within the Special Mining Lease and the
Municipal Lease;

« the region, which comprises the land within a distance of approximately 16 km from the
south, east and west boundaries of the Project Area and approximately 6 km north of the
Project Area boundary.

The region identified above encompasses all of WMC's flora and fauna monitoring sites as defined
in the company’s environmental management and monitoring plan (EMMP) (WMC—Olympic
Dam Corporation 1996a), and lies almost completely within the Moondiepitchnie
environmental association (Appendix H).

Infrastructure items have been developed by WMC outside this region, including Borefield A
and Borefield B, north-east of the Project Area, and the power transmission lines, south and
south-east of the Project Area.

The environmental impact of these developments has been previously assessed by other
studies and, in general, this information will not be discussed in this chapter. However, the
mound springs adjacent to the borefields are reviewed in detail (Section 7.4).

7.1 ECOLOGICALLY SUSTAINABLE DEVELOPMENT AND
BIOLOGICAL DIVERSITY

This section provides a brief review of WMC's commitment to ecologically sustainable
development (ESD) and biological diversity (biodiversity) in the region and the Project Area.
7.1.1 Ecologically sustainable development

The National Strategy for Ecologically Sustainable Development was endorsed by the
Council of Australian Governments in December 1992,

The principal objectives of ESD are to:

o enhance individual and community well-being and welfare by following a path of
economic development that safeguards the welfare of future generations;

» provide for equity within and among generations;

« conserve biological diversity and maintain essential ecological processes and life-support
systems.
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The principles of ESD are being incorporated in various government and private sector
programmes, including WMC'’s environmental management commitments. These principles
are a foundation for improved environmental management, and include factors such as
environmental liability and due diligence and the requirement for best practice
environmental management.

Environmental due diligence requires the application of best practice environmental
management, including the preparation, implementation and monitoring of such documents
as an environmental management programme. WMC has demonstrated its commitment to
due diligence requirements, and has established a detailed EMMP for its operations at
Olympic Dam (Chapter 15).

7.1.2 Biodiversity

Conservation of biodiversity is a foundation of ESD and one of the three principal objectives
of the National Strategy for Ecologically Sustainable Development. The International
Convention on Biological Diversity, ratified by Australia in June 1993, provides a global
mechanism to allow for the conservation and sustainable use of biodiversity for the benefit
of present and future generations (Biodiversity Group 1994). Within Australia, the National
Strategy for the Conservation of Australia’s Biological Diversity (Department of the
Environment, Sport and Territories 1996a) aims to bridge the gap between current activities
and the effective identification, conservation and management of Australia’s indigenous
biological diversity.

The National Strategy considers biological diversity at three levels; namely, genetic diversity,
species diversity and ecosystem diversity. The strategy contains six target areas:

= conservation of biological diversity across Australia

« integrating biological diversity, conservation and natural resources management
» managing threatening processes

* improving knowledge and understanding of biodiversity

» involving the community

* Australia’s international role.

7.1.3 WMC commitment

WMC is fully committed to establishing effective management of environmental issues,
consistent with the principles of sustainable development.

WMC makes continuous improvements to environmental management in the areas it
manages by applying information gained from monitoring programmes, scientific research
and regular management reviews. Olympic Dam complies with WMC'’s Environment Policy
and relevant State and Commonwealth legislation as a minimum environmental standard.

In addition to operational monitoring, WMC staff are undertaking numerous research
programmes that reach beyond statutory requirements applicable to Olympic Dam. The
findings of this research are increasing knowledge of regional biodiversity and assisting with
effective ESD in the region. These additional research programmes are summarised in
Chapter 15.

The EMMP approach adopts elements of environmental management systems designed to
improve environmental performance and achieve ESD. WMC is proceeding towards
implementation of an environmental management system consistent with the principles of
the International Standards Organisation’s 1ISO 14000 series. The current Olympic Dam
EMMP represents a major revision of the previous environmental monitoring programme,
and has been upgraded to include elements of the ISO 14000 system. Future Olympic Dam
EMMPs will be consistent with the principles of the ISO 14000 series.



7.2 FLORA

This section discusses the terrestrial vegetation present in the region and the Project Area, the
conservation status of the vegetation communities and individual species, introduced flora,
past impacts, potential impacts of the proposed expansion and their mitigation, and
monitoring programmes. Information on terrestrial vegetation for the wider region and the
Project Area provided in Kinhill — Stearns Roger (1982) remains a relevant and accurate
baseline. While a summary of this information is provided in Appendix |, this section focuses
on a detailed review of the impacts of WMC's operations in the Project Area.

As indicated at the start of this chapter, developments such as Borefield A, Borefield B and
the 275 kV transmission line have been previously assessed for environmental impact
through development-specific surveys and reports, and have State and Commonwealth
government approval, or approval in principle, to proceed subject to certain conditions.
Therefore these developments will not be considered in this section.

WMC is fully committed to effective management of terrestrial vegetation in the Project Area,
as indicated in the company’s Environment Policy and the Olympic Dam Statement of
Environmental Commitment (both in Appendix A of this EIS).

Legislation potentially relevant to WMC in relation to vegetation communities and species
includes:

» Endangered Species Protection Act 1992 (Cwlth)

» National Parks and Wildlife Act 1972 (SA)

* Native Vegetation Act 1991 (SA).

International, Commonwealth and State agreements, policies and strategies potentially
relevant to WMC in relation to vegetation communities and species include the:

« Convention on Biological Diversity and the National Strategy for the Conservation of
Australia’s Biological Diversity (Department of the Environment, Sport and Territories
1996a);

« National Conservation Strategy for Australia;

« National Strategy for the Conservation of Australian Species and Communities Threatened
with Extinction (Endangered Species Advisory Committee 1992);

* National Strategy for Rangeland Management;
« National Weeds Strategy (draft);
« Wetlands Policy of the Commonwealth Government of Australia (1997);

» Draft Threatened Species Strategy for South Australia (Department of Environment and
Natural Resources 1993).

7.2.1 Regional vegetation

As discussed in Kinhill — Stearns Roger (1982), the region is dominated by a few recurring
vegetation communities, especially those associated with the dune sands and the clay-
based soils of the swales, and smaller areas of vegetation typical of local drainage areas
and stony tablelands. The large drainage areas north, south and east of the Project Area,
and large expanses of stony tableland to the east, have structurally and floristically different
vegetation communities to the dunes. The dominant vegetation communities are generally
associated with the dunefields, and these have been described in detail in Kinhill — Stearns
Roger (1982). A summary of these vegetation communities is provided in Appendix 1.
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7.2.2 Project Area vegetation

The Project Area, like the region, is dominated by dunefields with small areas of stony
tableland and localised drainage areas (e.g. swamps and claypans). Some sections of the
vegetation communities present in this area are subject to greater disturbance than the region
and surrounding areas, including mine and metallurgical plant emissions, visitor and vehicle
impact, and firewood collection. Additional information about the plant species present in
the vegetation communities is provided in Appendix .

Dunefield vegetation

Dune spacing occurs as a continuum from low to high density with three different dunefield
types present in the Project Area: those with widely spaced dunes, those with medium
density dunes, and those with high density dunes. In the northern and north-western sections
of the Project Area, the landform is dominated by widely spaced dunes with some small areas
of medium density dunes. The vegetation communities that dominate this area are mulga
woodland/sandhill wattle tall open shrubland or mulga woodland on the dune ridges and
slopes, and bladder saltbush/low bluebush low open shrubland in the swales.

The north-eastern section of the Project Area is generally dominated by medium and high
density dunefields, with mulga woodland or mulga woodland/sandhill wattle tall open
shrubland on the dunes, and bladder saltbush/low bluebush low open shrubland in the
swales. Communities of white cypress pine woodland are also present in small areas within
this section.

The central section of the Project Area has areas of all three dunefield types. Vegetation
communities present are mulga woodland or mulga woodland/sandhill wattle tall open
shrubland on the dunes, with bladder saltbush/low bluebush low open shrubland in the
swales. Areas of white cypress pine woodland are also present.

The southern section of the Project Area has both high and medium density dunefields. The
vegetation communities present are mulga woodland and western myall woodland, with or
without bladder saltbush/low bluebush low open shrubland in the swales, and areas of white
cypress pine woodland.

There is generally a marked contrast in the species composition and vegetation dynamics of
the dunes and the often gibber-coated clays of the swales. Groundcover vegetation on dunes
tends to be ephemeral, apart from the tall shrubs, whereas the largely treeless
saltbush/bluebush cover of swales is perennial with much less variation in cover.

Drainage area vegetation

The Project Area contains some small areas of temporary wetland including claypans,
particularly in the northern and eastern sections. The frequently inundated areas tend to be
swampy and can be bare or dominated by swamp cane-grass, sometimes in association with
lignum, while the groundcover is dominated by short perennial grasses. Cottonbush
shrubland often dominates the margins of these swamp cane-grass/lignum swamp areas.
Those areas less frequently inundated are dominated by cottonbush low open shrubland,
with lignum sometimes present in the lower lying areas, while bladder saltbush and poverty-
bush (Sclerolaena divaricata) are present on higher ground. In addition there are two small
drainage areas in the north-west of the Project Area that contain tea-tree (Melaleuca
pauperiflora). There are also some unvegetated, open areas (claypans) among those areas
not frequently inundated.

Stony tableland vegetation

The small areas of stony tableland are dominated by bladder saltbush low open shrubland,
with some areas that may have degraded to grassland due to overgrazing, and other



permanent areas of grassland. Other vegetation associated with this community includes
groundcover species, including Sclerolaena spp., Frankenia serpyllifolia, stalked Ixiolaena
(Ixiolaena leptolepis) and ray grass (Sporobolus actinocladus). There is an absence of trees
and tall shrubs.

7.2.3 Conservation status of vegetation communities and species

Some vegetation communities in the region contain plant associations that are poorly
conserved in the region or South Australia. These include:

« bladder saltbush/stalked Ixiolaena low shrubland association, which occurs within the
bladder saltbush low open shrubland present on the stony tableland east of the Roxby
Downs township;

« swamp cane-grass tussock grassland association, which occurs within the swampy
drainage areas that are frequently inundated. This association generally includes lignum
and short perennial grasses;

+ western myall low woodland association, which is present within the sandhill mulga
woodland, sandhill wattle tall open shrubland or mulga woodland on the dune ridges and
dune footslopes of moderately to widely spaced dunes;

« white cypress pine woodland association, which is dispersed within the mulga woodland
on the dune ridges and slopes of some high-density dunes.

Bladder saltbush/stalked Ixiolaena low shrubland and cane-grass tussock grassland
associations are classified as Priority 12 vegetation associations (Neagle 1995). According to
this reference, these associations are poorly conserved or not conserved interstate, or only
occur in South Australia. Cane-grass tussock grasslands are well represented in Innamincka
Regional Reserve and Witjira National Park. The western myall low woodland association
is classified as a Priority 14 vegetation association in Neagle (1995). Priority 14 associations
are not conserved or poorly conserved in South Australia, but there are similar association
categories that are reasonably conserved in South Australia.

There are no species recorded in the region or the Project Area that are protected under the
Endangered Species Protection Act 1992 (Cwlth) or the National Parks and Wildlife Act 1972
(SA). There are six species considered to be regionally significant, these being bullock bush
(Alectryon oleifolius subsp. canescens), emubush (Eremophila longifolia), quondong
(Santalum acuminatum), native apricot (Pittosporum phylliraeoides), Sturt pea (Swainsona
formosa) and sandalwood (Santalum spicatum). The first five species were formerly
protected under the South Australian National Parks and Wildlife Act 1972 prior to its
amendment in 1991. They are not currently protected under this Act, or under any other Act.
However, sandalwood is listed as rare under this Act.

Bullock bush is common throughout the Project Area; however, regeneration of this species
by seedlings or, more commonly, suckering has been impeded by grazing stock and rabbits.
The destocking of Roxby Downs Station in October 1995, and the current decline in rabbit
numbers, presumably due to the introduction of Rabbit Calicivirus Disease into the region,
may assist in the regeneration success of this species.

Emubush is relatively uncommon in the region, with a few occurrences dispersed through the
dunefields (Fatchen 1980; ). Read, WMC, pers. comm., December 1996). This species has
shown evidence of successful regeneration in the past in the Project Area; however, grazing
by rabbits has reduced regeneration success in some areas.

Quondong is uncommon in the region and the Project Area, and when present is usually
associated with western myall communities and Andamooka Limestone (Fatchen 1980;
Kinhill — Stearns Roger 1982).
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Native apricot is also uncommon in the Project Area and is most commonly associated with
tableland creeks, solution cavities and some dams. Grazing of juveniles of this species has
been severe in the past and the regeneration success of the species has been limited. As
noted for bullock bush, reduced grazing of this species by stock and rabbits may assist its
regeneration.

While Sturt pea has been recorded at very few of WMC'’s vegetation monitoring sites in the
Project Area, following good rainfall this species is widespread and common in the Project
Area and the region (J. Read, WMC, pers. comm., December 1996). This species is often
very reduced in frequency as a result of grazing.

Sandalwood is also protected under the Sandalwood Act 1930 (SA). This species is rare in
the region and has only been found at one site in the Project Area.

7.2.4 Introduced plant species and plant pathogens

This section discusses the presence, range and abundance of introduced plant species and
plant pathogens in the region and the Project Area. Introduced plants are defined as those
species that have been introduced to an area, either intentionally or unintentionally, where
they have a detrimental impact on the natural environment of that area. The term is inclusive
of all plant life forms and habits (e.g. ephemerals, annuals and perennials), and has been used
in preference to other terms with more limited definitions and applications.  This section
discusses two types of introduced plants:

« proclaimed plant species as defined under the South Australian Animal and Plant Control
(Agricultural Protection and Other Purposes) Act 1986;

« introduced exotic species.

More detailed information regarding introduced plants is included in Appendix I.

Department of the Environment, Sport and Territories (1996b) and Humphries et al. (1991)
report that Australia’s arid zone has the lowest species density of environmentally
threatening, introduced and noxious plants in the nation. None of the species identified as
such in the above two references is present in the Project Area or the region. However, some
of the species present are degrading or threatening key habitats and communities.

No information is available on the presence or distribution of plant pathogens in the region
or the Project Area. However, there is no indication that dieback of native vegetation caused
by cinnamon fungus (Phytophthora cinnamomi) occurs in the region or the Project Area.
Legislation and policy

There is no specific Commonwealth legislation pertaining to noxious plants or the control of
pest plants. However, the South Australian Animal and Plant Control (Agricultural Protection
and Other Purposes) Act 1986 provides legislative control for eight classes (and a number of
subdivisions under each class) of proclaimed plant species in South Australia. The eight
classes comprise:

* Class 1—aquatic and terrestrial plants that require State-wide destruction (e.g. elodea,
khaki weed);

o Class 2—agricultural weeds that require State-wide destruction (e.g. three-corner jack);
¢ Class 3—agricultural weeds that require limited control in the State (e.g. horehound);
¢ (lass 4—non-agricultural weeds that require State-wide control (e.g. boneseed);

e C(Class 5-—non-agricultural weeds that require limited control in the State (e.g. olive);



e Class 6—terrestrial plants that require destruction in soil extraction areas only (e.g.
bindweed);

» Class 7—agricultural weeds that require very limited control in the State (e.g. slender
thistle);

e Class 8—terrestrial plants that are reportable (e.g. galvanised burr),

Within the Project Area, WMC is responsible for the control of South Australian proclaimed
plants as listed in the South Australian Act.

The Commonwealth Quarantine Act 1908 aims to control the entry of known and potentially
harmful plant species into Australia. The Act may be relevant to WMC if it imports materials
from other countries (e.g. contaminated lumber or other packaging materials used by
overseas suppliers). The Act is currently being reviewed as part of the Commonwealth
Government’s environment programme.

Schedule 3 of the Commonwealth Endangered Species Protection Act 1992 lists dieback of
native vegetation by cinnamon fungus as a key threatening process. Under this Act, a threat
abatement plan for the management and control of cinnamon fungus may be developed in
the future (Australian Nature Conservation Agency 1996a).

Infestation by introduced exotic plants is a major form of land degradation in Australia
(Department of the Environment, Sport and Territories 1996a, 1996b), and a number of
Commonwealth and State collaborative programmes have been established to assist in the
control of such plants. A draft National Weeds Strategy has been prepared, with
recommendations from this strategy being released in 1995.

Australia’s pest species programmes, including policies, control and implementation
strategies and programmes, are currently being reviewed as part of the Invasive Species
Programme. This review will result in further development of the National Weeds Strategy,
a revised draft of which is due in 1997 (K. Colgan, Biodiversity Group, Environment
Australia, pers. comm., September 1996).

WMC's Environment Policy includes commitments to rehabilitation of the environment
affected by the company’s activities. Control of proclaimed plant species forms a component
of the rehabilitation commitment.

Monitoring the presence and abundance of proclaimed and introduced plants is included in
the existing vegetation monitoring programme in the Project Area (Section 7.2.7). A formal
proclaimed plant species eradication programme is not required within the Project Area
owing to the low incidence of these species; however, eradication of proclaimed species is
undertaken as necessary (Z. Bowen, WMC, pers. comm., November 1996). Other
introduced plant species do not persist in the region or are confined to small areas in the
Project Area.

Regional introduced plant species

Badman (1995) provides a major review of introduced and proclaimed plant species in the
region, and this reference forms the basis of the discussion in this section.

Owing to the lack or irregularity of regional plant studies prior to 1960 it is difficult to
determine the precise history of species colonisation, spread and distribution in the region.
However, most introduced species presently in the region have been recorded there for more
than fifty years (Kingoonya Soil Conservation Board 1996).

A number of introduced species are of potential concern owing to particular characteristics
that enable them to colonise and spread in the region and northern South Australia. These
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species are listed in Table 1.3 in Appendix . More than 80% of these species are annuals and
ephemerals with short lifespans and high reproductive rates that spread readily into available
ecological niches. Table 1.4 in Appendix | provides a list of all regional introduced species
recorded by WMC as part of its vegetation monitoring programme.

Conditions that assist the colonisation and spread of introduced plant species in the region
include:

« water and nutrient availability;
« intensive or extended history of disturbance, especially by grazing and vehicles;

» soil disturbance through such activities as road and track construction, tourism, and some
types of oil and mineral exploration, and by pest animals;

o fire.

Although not a proclaimed species, long-fruited wild turnip (Brassica tournefortii) is
considered to be an introduced species of particular concern in the region, especially in
sandy areas where it can outcompete indigenous winter and spring annuals (Kingoonya Soil
Conservation Board 1996). However, summer rainfall often promotes the growth of native
grasses that limit the establishment of this and other introduced species by occupying most
of the available niches (e.g. as is currently occurring in the Project Area and region due to
the well-above-average rainfall during February 1997).

No non-vascular introduced plants have been recorded in the region or the Project Area.

Introduced and proclaimed plant species in the Project Area

Between 1987 and 1996, sixty-three introduced species were found in the Project Area and
region. These species are listed in Table 1.4 in Appendix I. Of the introduced species present
in the Special Mining Lease and Municipal Lease areas and the region monitored by WMC,
90% are annuals and ephemerals. The remaining 10% of species are made up of short-lived
perennials and biennials (9%) and long-lived perennials (1%). Most of the introduced
species were present before mining activities commenced. Many continue to survive but the
new introductions are generally restricted to damp areas around the town and mine buildings
(Badman 1995). In addition, those introduced species restricted to the developed areas
within the Municipal Lease are not spreading to the adjacent region and pastoral lands.

WMC monitoring data indicate that there have been three proclaimed plant species recorded
in the Project Area between 1987 and 1996. These species are listed in Table 7.1,

Table 7.1 South Australian proclaimed plant species recorded in the Project Area

: Species Common Proclaimed plant :
Family ; by o Current status
Name name species classification
Cactaceae Opuntia vulgaris Prickly pear Class 1—terrestrial plant  Recorded once only;
requiring State-wide not present
destruction
Zygophyllaceae Tribulus terrestris ~ Caltrop Class 2—introduced form Indigenous form of species
(introduced form only; agricultural weed present; introduced form
of species) requiring State-wide has never been found in
destruction the Project Area or region
Boraginaceae Echium Salvation jane Class 3—agricultural Occasional
plantagineum weed requiring control

in limited areas

1 Under South Australian Animal and Plant Control (Agricultural Protection and Other Purposes) Act 1986.
Source: Parsons and Cuthbertson 1992; P. Allen, Animal and Plant Control Commission, pers. comm., November 1996,



Five species of introduced plants recorded or present in the Project Area are considered to
be potentially damaging. These species are listed in Table 7.2.

Fatchen and Associates (1991) reported that there had not been an increase in the number or
distribution of introduced species in the Project Area since vegetation monitoring began in
1981. Following the initial major development phase at the site in the mid-1980s and
ongoing developments in the 1990s, very few introduced species have been established in
the area through operational activities. Japanese millet (Echinochloa utilis) is one such species
(Badman 1995), but this is not an invasive species and remains confined to very small areas.

Apart from an occasional plant of salvation jane (also known as Patersons curse), there are no
proclaimed species known to occur in the Project Area or the region. Athel pine (Tamarix
aphylla) has been planted as a salt-tolerant horticultural plant in some of the developed sections
of the Project Area; however, it is now being removed and replaced with indigenous tree species.

Table 7.2 Important introduced plants recorded in the Project Area

Family' Species name Common name Pest plant classification’  Current status
Cruciferae Carrichtera Wards weed Category 1—very Recorded twice only
(Brassicaceae)  annua serious threat

Brassica Long-fruited Category 2—serious Present throughout the

tournefortii wild turnip threat Project Area
Compositae Gazania Gazania Category 3—potential Present only in area
(Asteraceae) linearis threat around Roxby Downs
Gramineae Pennisetum Kikuyu grass Category 3—potential Present only in area
(Poaceae) clandestinum threat around Roxby Downs
Liliaceae Asphodelus Onion weed Category 2—serious Recorded only in Roxby

fistulosus threat Downs

1 Alternative family classification in brackets.
2 Humphries et al. 1991,

Within the Special Mining Lease and Municipal Lease areas, the presence and percentage
cover of introduced species varied widely in the period May 1986 to May 1994. However,
there was a marked decline overall in the presence and percentage cover of introduced
species in the area. The variations experienced during this period have been attributed to:

» construction events, particularly that of Roxby Downs (where there was an overall
decrease in vegetation cover) in the mid to late 1980s;

« high rainfall events, particularly in 1989;

« rabbit population fluctuations.

Figure 7.1 compares the total introduced plant species cover in the Project Area (over all soil
types) with that in adjacent pastoral land, and Figure 7.2 shows the changes in the overall
vegetation cover and total introduced plant species cover in the Project Area. The cover of
introduced species, which was relatively high in wet periods up to 1989, reduced after 1989
with increased growth of native species. Drought conditions subsequent to 1989 have
prevented an increase in introduced plant cover.

Potential impacts and mitigation

None of Australia’s worst introduced plant species, as reported in Department of the
Environment, Sport and Territories (1996b) and Humphries et al. (1991), is present in the
Project Area. Badman (1995) and Fatchen and Associates (1991) provide detailed
information indicating that development of Olympic Dam and its associated infrastructure
since 1980 has had minimal effect on the presence and spread of introduced plant species
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in the Project Area and the region. Consequently, potential and actual adverse impacts from
the Expansion Project would be expected to be minimal.

Preventing the introduction of new proclaimed plant species and controlling any significant
proclaimed plant outbreaks during the early stages of establishment are the two most
important management principles used as the basis of introduced plant management in the
Project Area. Management actions include cleaning of earthmoving equipment, removal of
domestic stock, rehabilitation of disturbed areas and regular monitoring.
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Based on past monitoring data and observations, the spread of some existing introduced
species (such as long-fruited wild turnip and, more rarely, salvation jane) would be expected
to coincide with vegetation clearance and the construction of new infrastructure. This spread
would be short-term (one to three years depending on rainfall), following disturbance to the
soil surface and reduced competition by native vegetation. Rehabilitation of these areas
followed by recolonisation by native vegetation species would reduce the incidence and
spread of introduced plant species in the medium to long term.

Monitoring

With the proposed expansion, monitoring of introduced and proclaimed plant species would
continue and would be expanded to include assessment of all new disturbance areas.
Reporting of the presence, abundance and control of these species would be included in the
Olympic Dam EMMP annual report. Control of proclaimed plant species would continue to
be conducted in accordance with the legislation and policies of the South Australian Animal
and Plant Control Commission. The relevant sections of this programme involve:

» observation of ground-level photopoints;

» assessment and recording of the presence and percentage cover of individual species in
vegetation monitoring quadrats;

« opportunistic assessment and recording of the presence of South Australian proclaimed
weed species and new introduced plant species in the region and the Project Area;

« immediate investigation of large trees and areas of vegetation, particularly in amenity
plantings, that were apparently healthy and, for no obvious reason, wilt and/or die, to
determine if dieback caused by cinnamon fungus is responsible.

7.2.5 Terrestrial vegetation—assessment of impacts from the existing
operations and current mitigation measures

A total of 138 plant species were recorded in the Study Area in 1982, Of these species, over
80% were present in areas assessed during the vegetation monitoring programme. An
additional fifty-five species have been identified during the vegetation monitoring
programme (i.e. since 1982). Ephemeral and annual species of the daisy family form the
greater proportion of these additional species.

During the operating life of the Olympic Dam mine, vegetation of the Project Area and the
adjacent region has exhibited variations in cover and health attributable to a range of
variables, such as seasonal conditions, grazing pressure and impacts of mine development
and operation. Impacts have been identified from an analysis of data from WMC's extensive
database, which comprises 13,000 records for eleven years of monitoring. Any trends have
been compared with change maps derived from remote sensing and geographical
information system (GIS) analysis of time series aerial photographs of the Project Area.
Current mitigation measures are examined and recommendations are made to minimise post-
expansion impacts.

Vegetation influences

WMC'’s vegetation monitoring programme is comprehensive and involves annual surveys of
sites in four areas of influence including control sites, namely:

» Area O—pastoral lease areas subject to domestic grazing and beyond development area
boundaries;

* Area 1—within Special Mining Lease or Municipal Lease boundaries but out of development
or exploration areas. This area includes land grazed until early 1987;



* Area 2—within Special Mining Lease boundaries, in or near exploration and development
areas;

» Area 3—in Municipal Lease development areas, including Roxby Downs township and
Olympic Dam Village.

Figures 7.3a and 7.3b summarise variations to vegetation cover across these four influence
zones. The Project Area incorporates Areas 1, 2, and 3. Area 1 is an ungrazed control area
without the disturbance influences of mine operations and emissions, or domestic stock grazing.
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A substantial initial decrease in perennial plant cover within Area 2 was recorded during
the mid to late 1980s. However, a decrease of this magnitude is not supported by aerial
photography analysis of the Special Mining Lease, and consequently has been attributed
to inconsistent survey methods used prior to 1987. Since 1989, vegetation in all
influence zones has exhibited variations of a similar magnitude and shown similar
responses to above-average rainfall events recorded throughout 1989 and in 1992.
Within Area 2, vegetative cover has stabilised at a level consistently equal to or greater
than Area 1.

Project-related impacts

Olympic Dam mining operations have reduced vegetation cover in the Project Area through
the direct impacts of land clearance, construction and off-road driving, and through the
indirect impacts of increased sand mobility and erosion, salt deposition, gaseous emissions
and dust particle deposition. Figures 7.3a and 7.3b present variations in vegetation cover
experienced in Area 2.

The most noticeable decrease appears to be in cover of narrow-leaved hopbush in the
vicinity of raise bores (subsurface mine ventilation structures). The decline shown in Figure 7.3
arose through loss of vegetation cover monitored near a raise bore, and was due to salt
deposition. This is discussed in detail later in this section. Variations in cover of all other
species relate primarily to rainfall events.

Land clearance and construction

Approximately 10 km? (3.5%) of the area within the Project Area for which aerial
photography is available have been significantly changed by the construction of roads,
tailings retention facilities, evaporation ponds, process plant and associated infrastructure.
Table 7.3 summarises the degree of land clearance and vegetation change detected by aerial
photography analysis during aggregated time periods.

Table 7.3 Change mapping statistics for areas covered by aerial photography

1978-84 1984-90 1990-95 1984-95

Degree of
change Area Y% Area Yo Area Yo Area %

(km?) (km?) (km?) (km?)
Significant change 1.9 0.9 6.5 27 4.7 1.4 10.0 3.5
in cover
Little or no change n.r. n.r. 175.9 729 179.7 51.4 76.4 32.0
in cover
Change in cover n.r. n.r. 59.0 24.4 164.7 47.2 154.5 64.5
of annual plants
Photo coverage 245.0 241.4 349.1 240.9

n.r. Nol recorded from aerial photography.

Summing areas or percentages for the periods 1978-84, 1984-90 and 1990-95 produces
totals that are greater than those estimated from a single change map for the period 1978-95.
This is due to some areas being disturbed between 1984 and 1990, and again between 1990
and 1995. The overall change statistics for the period 1978-95 (9.9 km?, or 3.5% of the area
covered by aerial photography) are considered to accurately represent the area that has been
significantly changed.

Figure 7.4 identifies areas within the Project Area that have experienced identifiable changes
in vegetation during the period 1984-95.
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Impacts of salt deposition from raise bores

Salt emissions originate from the local aquifer and are brought to the surface entrained in
the mine ventilation raise bore airstreams. These emissions have been shown in the past
to impact adversely on the local vegetation if the emission volumes are significant
(WMC—Olympic Dam Operations 1994, 1995). The impact of salt emissions from raise
bores was not predicted in the 1983 EIS.

Vegetation response to the impact of salt deposition and subsequent recovery following
mitigation is most clearly evident at monitoring site EV0O51. Salt deposition from one of two
raise bores resulted in localised loss of the dominant perennial species (narrow-leaved
hopbush) cover at this site prior to 1988. This reduction can be seen in Figure 7.5.

Approximately 90% of the original perennial cover had been lost within a distance of
100-200 m prior to mitigation measures being established in 1989. Localised vegetation loss
in the vicinity of raise bores can be seen in Figure 7.6 (raise bore RB4).

Mitigation measures established to ameliorate impacts of salt deposition, combined with
above-average rainfall in 1989 and 1992, have allowed a partial recovery of perennial
species. Mitigation measures consisted of the installation of emission inverters at the vents
of raise bores, as described in Read (1996). Salt effects now appear to be largely controlled
or localised where control is not complete (Fatchen Environmental 1996).

To minimise the impact of salt emissions, all new raise bores would be fitted with salt
interception devices as they become operational.

Gaseous emissions

Gaseous emissions from the metallurgical plant were recognised as having potentially
adverse effects on vegetation in Kinhill — Stearns Roger (1982). During 1989, emissions
(probably of sulphur dioxide) caused significant defoliation and other injury to tall shrub
and tree species close to the metallurgical plant (Fatchen and Associates 1989).
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Reductions in vegetation cover, and shrub deaths, remain at a higher level in developed
portions of the Special Mining Lease (Area 2) than elsewhere (Figure 7.7), especially around
the metallurgical plant and the tailings retention facility (Fatchen Environmental 1996).

To determine the extent of this impact area, a monitoring site with a suitable time series
record of total perennial tall shrub cover located approximately midway between the
metallurgical plant and the tailings retention system was examined. Figure 7.8 presents
data from monitoring site EVO61 prior to its closure as a result of construction works.

By 1990 gaseous emission impacts had reduced from the levels experienced in 1989, and
further reductions were noted in 1991 following the installation of taller stacks for the anode
furnaces (Fatchen Environmental 1996). Vegetation damage is currently limited to an area
within 200-300 m of the metallurgical plant (Fatchen Environmental 1996). No effects have
been observed beyond the boundary of the Special Mining Lease.

Off-road driving

Although WMC has banned vehicles from being driven off-road in the Project Area, this
activity has still occurred along some abandoned vehicle tracks and infrastructure corridors
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and through dunes, primarily within or near the municipal areas. Natural regeneration
processes have been adversely affected by this disturbance and small areas of erosion and
loss of sand dune vegetation have occurred. WMC is examining options to mitigate these
impacts, including ongoing educational programmes for staff and townspeople and the
dedication of specific areas for off-road vehicle use.
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Dust deposition

Over the whole project life, there have been occasional instances when dust deposition has
been sufficient to defoliate tall perennial shrubs. At one site, approximately 0.4 ha of tall
perennial shrubs were partially defoliated by dust deposition in 1995 (Fatchen Environmental
1996). This event was unusual and has been attributed to abnormal levels of track usage
during a particular construction project.

To mitigate this impact, unsealed roadways are watered more frequently to suppress dust
when heavily used. This would continue to apply during the construction period of the
Expansion Project.

Erosion impacts

Reductions in total vegetation cover invariably lead to wind erosion and sand movement on
sandhills. Reductions in vegetation cover sufficient to increase sand movement have been
recorded in areas close to the metallurgical plant and the tailings retention system; however,
as major blowouts pre-date development, these areas may be historically less stable than
other areas in the region.

Over-grazing in the region (e.g. by stock, rabbits and kangaroos) may accelerate erosion by
destroying vegetation cover. Stock has been excluded from the Project Area since the
commencement of mining and WMC monitors rabbit and kangaroo numbers.

It is possible that salt deposition and low concentration of gaseous emissions may be
contributing to sand mobility observed in some areas of the Special Mining Lease (Fatchen
Environmental 1996). WMC has implemented mitigation measures to minimise impacts of
salt deposition and gaseous emissions as described above.

Drill pads

Drill pads are required to enable subsurface drilling and sampling of rock strata. They are
generally located over the orebody and adjacent areas and have an average size of 50 m long
by 20 m wide (1,000 m?). When practicable, these pads are located on a naturally bare
surface. However, most drill pads require some amount of clearance of vegetation and, in
order to allow access, dunes and dune bases generally require a clay or, more commonly,
limestone rubble layer to be deposited over the soil surface.

Badman (1992) provides a full description of the methods used for drill pad rehabilitation by
WMC, and this type of rehabilitation has been undertaken annually and progressively on site
since 1983. Rehabilitation comprises deep ripping by a bulldozer using 1 m tynes to break
up compacted <oil, followed by the spreading of seeds of indigenous species typical of the
vegetation surrounding the drill pad.

In general, the rehabilitation programme has been extremely successiul, although the speed
of plant colonisation, growth and spread is totally dependent on rainfall. The fastest and
most successful rehabilitation occurs on drill pads that receive average to above average
rainfall within one year of ripping and seeding.

7.2.6 Terrestrial vegetation—predicted impacts of the Expansion
Project and their mitigation

This section discusses the expected impacts of the Expansion Project on the vegetation in
the Project Area. Table 7.4 provides a detailed description of the direct land disturbance
impacts expected.



Table 7.4 Estimated area of land disturbance for the proposed
expansion in the Project Area'

Area Area

Descrintion (ha) (ha)
SCHpLo (200,000 Ya (350,000 t/a
copper production) copper production)

SPECIAL MINING LEASE
Backfill quarry 227 227
Mine water disposal ponds 60 60
Process water dams 16 16
Sewage treatment lagoons 1 1
Metallurgical plant and
mine facilities 53 53
TRS including evaporation
pond (paddock method option) 250 580
TRS including evaporation
pond (CTD option) 700 1,200
Total area paddock
method TRS 607 937
Total area CTD TRS 1,057 1,557
MUNICIPAL LEASE
Residential development 25 71

1 Project area = Special Mining Lease area (17,974 ha) plus Municipal Lease area (11,040 ha).
Note: Figures rounded up to nearest hectare.

TRS = tailings retention system.

CTD = central thickened discharge.

Special Mining Lease

The type of tailings retention system to be constructed has a relatively large influence on the
total area of impact. The conventional, or paddock, tailings retention system would require
an area of 250 ha for expansion to 200,000 t/a copper production, and a further 330 ha for
expansion to 350,000 t/a copper production. In comparison, a central thickened discharge
tailings retention system would require 700 ha for expansion to 200,000 t/a copper production
and a further 500 ha for expansion to 350,000 t/a copper production.

Of the total area of vegetation to be cleared, the major portion (greater than 95%) is
associated with widely spaced dunes, with the remainder comprising vegetation
associated with high-density dunes. The greatest impact is predicted to occur to
communities of mulga woodland/sandhill wattle tall open shrubland that are present on
the dunes, and saltbush/low bluebush low open shrubland in the interdune swales. Other
communities that are predicted to be impacted include mulga woodlands and saltbush
low open shrubland.

These vegetation communities are present throughout the large areas of dunefield in the
region; hence, the small proportion of the total area that would need to be cleared for the
proposed expansion is not significant. In addition, government approval for development of
the Special Mining Lease area has been previously granted. However, land surface
disturbance and vegetation clearance of any type would be kept to the minimum necessary
for the expansion, and disturbed areas rehabilitated promptly.

A total of ten vegetation monitoring sites and two vegetation rehabilitation control sites would
be displaced by the expansion in the Special Mining Lease area. These vegetation monitoring
sites would be replaced with sites with similar landform and vegetation types to enable the
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continued monitoring of potential impacts on similar ecosystems. The vegetation rehabilitation
control sites would also be replaced following procedures outlined in Chapter 15.

WMC—Olympic Dam Operations (1990, 1991) report that damage to areas of vegetation within
a 3 km radius of the metallurgical plant occurred during 1989, the first year of full production.
As noted in Section 7.2.5, with implementation of improvements in air emissions control from
the metallurgical plant, vegetation damage is now confined to isolated instances of foliage
damage within approximately 200-300 m of the metallurgical plant.

As described further in Section 9.2, ground-level concentrations of sulphur dioxide
associated with expansion to copper production of 200,000 t/a and 350,000 t/a would, in
normal operating conditions, be much less than those from the existing plant, and less than
the relevant national or South Australian Environment Protection Authority air quality goals.

In addition, improved and additional control equipment would result in fewer instances
of abnormal operating conditions, which produce higher levels of sulphur dioxide
emissions than normal operating conditions. Abnormal operating conditions would be
restricted to emergency venting of smelter off-gases (predicted in Section 3.5 to occur less
than eight hours per year) and periods during the acid plant start-up. During these
periods, emissions would be vented from stacks 90 m in height (30-50 m higher than the
existing stacks), resulting in partial mitigation of high ground-level concentrations of
sulphur dioxide.

However, if the abnormal conditions occur in combination with meteorological conditions
that are not conducive to mixing and dispersion of the emissions, such as a low height
temperature inversion and still air conditions, ground-level concentrations of sulphur dioxide
sufficient to cause localised damage to vegetation in close proximity to the metallurgical
plant could continue to occur but at a reduced frequency. It is expected that any such effects
would occur only within the Special Mining Lease.

Municipal Lease

It is estimated that approximately 25 ha of the Municipal Lease would be disturbed by the
proposed expansion to 200,000 t/a copper production, and a further 46 ha with expansion
to 350,000 t/a copper production. However, planning for residential expansion includes the
retention, where possible, of stands of white cypress pine, western myall and mulga. Hence,
the actual clearance of vegetation is expected to be less than these estimates.

The vegetation that would be impacted in the Municipal Lease area is associated with both
widely spaced and high-density dunes. The greatest impact is predicted to affect
communities of mulga woodland/sandhill wattle tall open shrubland that are present on the
dunes and saltbush/low bluebush low open shrubland in the interdune swales. Other
communities expected to be impacted include mulga woodland and white cypress pine
woodland. Each of these communities is present throughout the large areas of dunefield in
the region; hence, the small area of clearance required for the residential development is
not regarded as significant.

No vegetation monitoring or rehabilitation control sites in the Municipal Lease area would
be directly impacted by the expansion.
7.2.7 Vegetation monitoring

A vegetation monitoring programme was established for the Project Area in 1981 to provide
an understanding of:

» relative influences and effects of the development and other land uses (both to monitor
impacts and as an input to site management);



« the relationship of vegetation to landscape processes and integrity;

* normal seasonal and long-term changes in vegetation.

Since 1981 all vegetation monitoring has been carried out by WMC staff or independent
environmental consultants.  Full details of the vegetation monitoring programme are
provided in the EMMP (WMC—Olympic Dam Corporation 1996a), and a summary of the
programme is provided in Chapter 15 of this EIS. This vegetation monitoring programme
would be maintained during and following the proposed expansion.

Chapter 14 provides a description of the existing rehabilitation programme, which would
continue at the site to mitigate the effects of unavoidable vegetation clearance associated
with site activities.

7.3 FAUNA

This section discusses the species of mammals, birds, reptiles, amphibians and
macroinvertebrates that have been recorded in the region and the Project Area, and that are
monitored as indicators of the project’s environmental impact in the region and Project Area.
Data obtained from WMC’s monitoring programmes allow for an assessment of past and
current project impacts, and enable potential impacts of the project’s expansion on fauna to
be predicted.

The presence of pest animal species is discussed as a separate issue in Section 7.3.7.

Prior to Kinhill = Stearns Roger (1982), there was limited knowledge of the faunal composition
or species diversity of the region and in the vicinity of the Project Area. Kinhill - Stearns Roger
(1982) accurately predicted the presence, or likely presence, of 95% of all species of mammal,
reptile, bird and amphibian species recorded in the Project Area (Read 1994).

Legislation and policy
The international obligations potentially applicable to WMC include:

* The Convention on the Conservation of Migratory Species of Wild Animals 1979 (Bonn
Convention);

» The Convention on Wetlands of International Importance Especially as Waterfow!| Habitat
1971 (Ramsar Convention);

* Japan-Australia Migratory Birds Agreement 1974 (JAMBA);
s China-Australia Migratory Birds Agreement 1986 (CAMBA).

While the Ramsar Convention focuses on the conservation of internationally important
wetlands, the Bonn, JAMBA and CAMBA conventions consider the protection of species.

In addition, Australia ratified the International Convention on Biological Diversity in 1993,
and a National Strategy for the Conservation of Australia’s Biological Diversity has been
prepared (Department of the Environment, Sport and Territories 1996a). This strategy has
implications for all levels of government, the private sector and individuals, since its primary
focus is the identification, conservation and management of Australia’s indigenous biological
diversity. WMC has voluntarily adopted the principles of the National Strategy.

WMC also has national obligations under the 1997 Wetlands Policy of the Commonwealth
Government of Australia, and the Endangered Species Protection Act 1992 (Cwlth), and State
obligations under the National Parks and Wildlife Act 1972 (SA). Schedules to both Acts list
species of threatened conservation significance.
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WMC'’s Environment Policy states that the company will observe all environmental laws and,
consistent with the principles of ESD, will ‘conserve important populations of flora and fauna
that may be affected by our activities’. Application of the Olympic Dam Statement of
Environmental Commitment and the EMMP further reinforces WMC's environmental
protection and management of the Project Area. The protection of native and migratory
fauna and their habitats is also managed through Commonwealth and State legislation and a
number of international and bilateral agreements.

Categories of threat based on the definitions of the International Union for Conservation of
Nature and Natural Resources (IUCN) have been assigned to terrestrial fauna and birds
(International Union for Conservation of Nature and Natural Resources 1996). While the
IUCN identifies species of international conservation significance, the Endangered Species
Protection Act 1992 (Cwlth) identifies species of national significance. Species of State
significance are listed in Schedules of the South Australian National Parks and Wildlife Act
1972. Both national and State conservation agencies have adopted the IUCN definitions
(albeit in slightly modified form) to assign conservation status to species and allow for
consistent interpretation of terminology across the levels of conservation significance.

7.3.1 Mammals

Mammals in the vicinity of Olympic Dam have been comprehensively surveyed from the
early 1980s to 1996, through all seasons and in diverse habitat and terrain types.

Table J.1 in Appendix ] summarises regional and Project Area fauna species confirmed or
predicted to occur in 1982, and those subsequently recorded in the region and the Project Area.

In addition to WMC survey data, which comprise the largest and most comprehensive long-
term data set, information from fauna surveys of the region conducted by organisations such
as the Department of Environment and Natural Resources (R. Brandle, Department of
Environment and Natural Resources, pers. comm., December 1996) has been included in
this section.

Mammals in the region and their conservation significance

Species of threatened conservation significance known or potentially present within the
region include plains rat (Pseudomys australis) and yellow-bellied sheathtail-bat
(Saccolaimus flaviventris).

The plains rat is of international and national significance and is assigned the status of
threatened by the International Union for Conservation of Nature and Natural Resources
(1996), and vulnerable under the Endangered Species Protection Act 1992 (Cwlth). There has
been a population decline in plains rat of 50-90% (Lee et al. 1995). This species either has
been recorded in or is believed to range over areas of land used by WMC.

A National Action Plan has been prepared for the plains rat (Lee et al. 1995). This plan
assesses the status of the species using objective criteria, reviews the reasons for its decline,
and recommends actions that should arrest the species decline and secure its future,

The yellow-bellied sheathtail-bat has only been recorded fourteen times in South Australia, and
is considered to be rare. This species is common in other Australian states, but is probably not
resident in the region and is a seasonal, migratory species that passes through South Australia
between March and June (T. Reardon, South Australian Museum, pers. comm., January 1997).

Some species that were predicted to exist in the vicinity of Borefield B are not listed in
Appendix | as being present in the region and the Project Area. The predicted presence of
these species was based on WMC and South Australian Museum records. However, the
absence of recent recordings of these species indicates that the probability of their presence
in the region and the Project Area is low or nil. These additional species include greater stick-nest



rat (Leporillus conditor), spinifex hopping-mouse (Notomys alexis), black-footed rock-
wallaby (Petrogale lateralis), sandy inland mouse (Pseudomys hermannsburgensis), dusky
hopping-mouse (Notomys fuscus), long-haired rat (Rattus villosissimus) and Finlayson’s cave
bat (Vespadelus finlaysoni) (IWMC—Olympic Dam Corporation 1995a). Although one
spinifex hopping-mouse was found (killed by a cat) in the Roxby Downs township, this
species has never been recorded in the Roxby Downs region, and almost certainly was
introduced into the Project Area from elsewhere (WMC—Olympic Dam Operations 1990).

In addition, sub-fossil records from a long-established owl roost north of Lake Torrens, north-
east of the Project Area, have identified bone fragments of many rare mammals, including
bilby (Macrotis lagotis) and the extinct pig-footed bandicoot (Chaeropus ecaudatus). Faeces
{scats) of common brushtail possum (Trichosurus vulpecula) and short-beaked echidna
(Tachyglossus aculeatus) have also been identified (G. Medlin, South Australian Museum,
pers. comm., December 1996). The probability of brushtail possum occurring in the Project
Area is considered to be extremely low, with zero probability for bilby and pig-footed
bandicoot. The short-beaked echidna was reported by WMC in the Project Area and in
Andamooka for the first time in 1996.

Mammals in the Project Area

There are two mammal species of State conservation significance recorded within the Project
Area, these being Forrest's mouse (Leggadina forresti) and desert mouse (Pseudomys
desertor). Forrest’s mouse has been recorded at three different sites in the Project Area.
However, the area had been surveyed annually for seven years prior to the first recorded
capture (WMC—Olympic Dam Operations 1994). Forrest’s mouse is classified as rare in
South Australia; however, its population is considered to be stable by Lee et al. (1995). The
desert mouse has also been recorded in the Project Area (WMC—Olympic Dam Operations
1993) and is classified as insufficiently known in South Australia (Lee et al. 1995); however,
this species is considered widespread and secure in the north-west of South Australia (Read
et al. in prep.).

The native mammal species known to occur within the Project Area are:
« short-beaked echidna (Tachyglossus aculeatus)
¢ Giles' planigale (Planigale gilesi)

« fat-tailed dunnart (Sminthopsis crassicaudata)

« stripe-faced dunnart (S. macroura)

» western grey kangaroo (Macropus fuliginosus)
* euro (M. robustus)

* red kangaroo (M. rufus)

* lesser long-eared bat (Nyctophilus geoffroyi)

* inland broad-nosed bat (Scotorepens balstoni)
» inland forest bat (Vespadelus baverstocki)

» white-striped freetail-bat (Nyctinomus australis)
» Forrest’s mouse (Leggadina forresti)

* Bolam’s mouse (Pseudomys bolami)

» desert mouse (P. desertor)

» dingo (Canis lupus dingo, naturalised species).
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Two additional mammal species have been recorded in similar habitats to those found in the
Project Area—narrow-nosed planigale (Planigale tenuirostris) and kultarr (Antechinomys
laniger). The narrow-nosed planigale has been recorded just north of the Special Mining
Lease area on two occasions (Read 1994), and may eventually be found inside the boundary
of the ungrazed Project Area.

The kultarr inhabits stony or sandy areas where grasses and small bushes constitute the
principal vegetation, and in Acacia shrubland (Strahan 1995). While Olympic Dam is on the
south-eastern margin of the known distribution of this species, it is possible (although not
probable) that this species may eventually populate the immediate region of the Project Area.

7.3.2 Expansion Project impacts and mitigation—mammals

Many native mammal species previously distributed in the region have been extinct for
between fifty and 100 years. The species that remain are either adaptable opportunists able
to survive in the altered environment, or those that have developed avoidance behaviour that
protects them from predation.

Population densities of small mammals in arid environments are often low owing to relatively
large home ranges and territories. It is possible that other threatened mammal species may
eventually occur in the Project Area owing to extension of their range, control of introduced
predator species or through the reintroduction of particular species.

WMC’s small-mammal monitoring programme provides an indication of mammal
populations. Owing to the low population density of native mammals and their relatively
slow reproductive response to favourable environmental conditions, major variations in
manual capture rates are primarily determined by variations in numbers of the introduced
house mouse (WMC—Olympic Dam Corporation 1996b), which is the most abundant small
mammal species in the Project Area, but only following favourable breeding conditions.

Overall, mine and processing plant operations do not appear to have had a significant impact
on small mammal populations in the Project Area. Furthermore, continual improvements to
emission levels from the smelter, metallurgical plant and raise bores have improved
environmental conditions in the immediate vicinity of these operations.

Large mammals

The red kangaroo population has increased in numbers to artificially high levels following
the provision of sources of fresh water and increased food resources following the removal
of cattle from the Project Area. This type of habitat modification has been repeated
throughout the pastoral areas of Australia following the provision of stockwater sources.
Ecosystem modifications of this type are generally considered to be environmentally
acceptable where they provide native wildlife with a reliable source of drinking water in an
area of unreliable rainfall.

The Olympic Dam evaporation ponds are surrounded by a 2 m high mesh fence that
excludes the majority of larger and medium-sized mammals, effectively minimising the effect
of the ponds on these species. The lower 0.3 m of the fence is also covered with fine mesh
to exclude smaller mammals and reptiles. The proposed extensions to the evaporation ponds
would be similarly enclosed. The tailings retention system is raised in height and reinforced
with rip-rap; hence the incidence of kangaroos and other mammals approaching this area is
low. Prior to erection of fencing, there had been occasional incidents of kangaroos becoming
bogged in the evaporation ponds (WMC—Olympic Dam Operations 1989). These animals
were released where practicable.

Kangaroos in the Project Area occasionally sustain injuries or are killed owing to collisions
with vehicles on the roads and with fences. Green roadside vegetation resulting from water
run-off from the road, and rain-collecting depressions such as borrow pits adjacent to roads,



encourage kangaroos and other large animals to roadsides to eat and drink, thereby
increasing the chance of a collision with a vehicle. Most roads in the Project Area have been
constructed using material from the northern or Axehead quarries and not from roadside
borrow pits (WMC—Olympic Dam Operations 1995). New roads would, in general, also
use material from these quarries, reducing further potential for roadside collisions.

Small mammals

The loss of small areas of mammal habitat within the Project Area would be unavoidable with
the proposed expansion. About 32 ha of the 180 km? Special Mining Lease area have been
affected by above-ground mine infrastructure development. When the Municipal Lease is
included, the impacted area is expected to increase to a maximum of 1,789 ha with the
proposed expansion to 200,000 t/a copper production, and to about 2,328 ha with expansion
to 350,000 t/a copper production.

The habitats that would be impacted are part of the Moondiepitchnie environmental
association within the region and the Project Area. None of these habitats is essential to the
survival of any mammal species. The predicted potential impacts are the loss of individuals of
regionally common species through direct construction impacts, and displacement of other
individuals that may later succumb to predators, stress, or territorial conflicts during attempts to
re-establish a home range.

Of the species recorded in the Project Area, only desert mouse was believed to be rare in
South Australia. It has been recorded only twice in the Project Area and twice just outside the
Project Area, and then only after several years of mine operations. However, recent trapping
surveys have indicated that the species is secure and widespread throughout its range (Read
et al. in prep.; C. Watts, South Australian Museum, pers. comm., November 1996).

Bats

Bats in the region need trees as roosts and as habitats for their insect prey. Although trees of
any type are important, those with loose bark, hollow branches and trunks (e.g. western
myalls) are preferred, and these are present in a zone across the northern and southern
sectors of the Municipal Lease. Clearing of these trees for the initial development of Roxby
Downs during the 1980s was minimised. Likewise the design of the proposed town
expansion would ensure minimal impact on this tree belt, and every effort would be made
to retain other species.

WMC's policy of maintaining existing vegetation, and its active rehabilitation programme,
would ensure that neither large nor significant areas of bat habitat would be impacted by the
project expansion. WMC does not currently undertake routine survey or assessment of bat
populations in the Project Area, although a bat survey was undertaken as part of the Borefield
B project (Kinhill Engineers 1995).

In general, bats benefit from human development in arid environments. Permanent open
water sources such as dams, ponds and even small open tanks attract flying insects, thereby
providing an artificially concentrated food source for bat species, while some buildings
provide secure roosting areas (Reardon 1995). A proposed additional water treatment pond
to treat the increased volume of sewage effluent, together with expanded process water
ponds at Olympic Dam, would be likely to attract flying insects and provide an additional
food source for bats. Lights from the mine area and township also attract flying insects,
further increasing the benefit to bat species.

7.3.3 Birds

The Project Area and adjoining lands are contained in the Eyrean faunal subregion, which
encompasses the Australian arid zone (i.e. 70% of the continent). Most of the bird species

O LYy m P I C D A M E X P A N 5 | O N P R O | E C T E I 5



of this zone have very large geographical ranges, many almost spanning the continent, with
relatively few species restricted to small areas.

Despite the aridity of the region, the South Australian section of the Lake Eyre Basin supports
a diverse avifauna of 145 species of terrestrial birds and eighty species of water and shore birds
after episodic rain has filled wetlands in the region (Badman 1991; Reid et al. 1990). An
example of this abundance and diversity is Lake Eyre, a large ephemeral wetland north of
Olympic Dam. In December 1991, after rain had inundated the area, thirty species of water
birds and shore birds and more than 300,000 individuals were recorded in this area. These
data were considered to underestimate true abundance by 50% (Kingsford and Porter 1993).

In addition, the Arcoona Lakes, situated between Woomera and Roxby Downs, provide a
temporary habitat for large numbers of water birds. Following flooding rains in the region in
1989, up to 150,000 water birds of fifty-six species were recorded in these ten temporary
lakes and associated swamps (Read and Ebdon in prep.). Of particular interest was the
presence of large numbers of freckled duck (Stictonetta naevosa), which is a rare species.

Prior to 1980 and the commencement of ornithological surveys for Kinhill - Stearns Roger
(1982), the Olympic Dam region was one of the most poorly known avifaunal regions in
South Australia (Reid 1982). Fatchen and Reid (1980) predicted 120 species with a moderate
to high probability of occurring, and a further sixty-four species with a low probability of
occurring in the region. Although 83% of the species predicted to be residents or frequent
visitors to the region were recorded in Kinhill — Stearns Roger (1982), only 26% of the species
predicted to be potential visitors to the region have subsequently been confirmed as present
(Read 1994).

Bird habitat

Bird habitats in the region mostly comprise the vegetation types contained within dunefields,
stony tablelands, and local drainage areas. Two important habitats that are widespread in the
southern arid zone but generally lacking in the Olympic Dam region are eucalypt-lined
watercourses and hills or ranges.

Based on data in Kinhill - Stearns Roger (1982), of the three principal vegetation types in the
project area (dunefield, stony tableland, and local drainage), dunefields support the greatest
structural diversity of habitats and communities and also the largest number of bird species
and individual birds. Unpublished data from Olympic Dam biologists support this finding,
and further indicate that bird species richness is greatest in shrubland/woodland associated
with dunefields. In addition, the largest numbers of individual birds also tend to occur in the
dunefields, particularly around waterbodies.

Regional bird species

A total of 175 bird species have been recorded in the region. Table ].2 in Appendix ) provides
a full listing of the species recorded since 1980. The WMC EMMP annual reports and Read
(1994) provide more detailed data about initial and subsequent observations of each species
in the region. A recent survey by Brandle (R. Brandle, Department of Environment and
Natural Resources, pers. comm., December 1996), conducted approximately 50 km south-
east of Olympic Dam, did not find any species additional to those listed in the WMC EMMP
annual reports (e.g. WMC—Olympic Dam Corporation 1996b) or Read (1994).

Bird monitoring and observations in the region by WMC environmental staff between 1982
and 1996 have resulted in recordings of fifty-nine bird species additional to those recorded
in Kinhill - Stearns Roger (1982). Many of these species were recorded subsequent to 1989,
after heavy rains produced favourable conditions for many water birds (Read 1994).

Seasonal factors are also responsible for the presence or absence of a number of species at
any given time, and arid zone birds exhibit varying degrees of migratory behaviour. Some



species are vagrants and were not predicted to occur, and are outside their normal range
when they do; for exanpple, great crested grebe (Podiceps cristatus), peregrine falcon (Falco
peregrinus), plains-wanderer (Pedionomus torquatus) and ruddy turnstone (Arenaria
interpres). Some specie§ are frequent visitors, on either a seasonal (migratory) or irregular
(nomadic) basis; for ex!mple, masked woodswallow (Artamus personatus), white-winged
triller (Lalage sueurii) and rainbow bee-eater (Merops ornatus). Other species are
permanently resident in the region; for example, white-winged fairy-wren (Malurus
leucopterus), variegated fairy-wren (M. famberti), black-faced woodswallow (Artamus
cinereus) and zebra finch (Taeniopygia guttata). Of the species recorded for the Olympic
Dam region, the majority were either nomadic (47%) or resident (26%).

Appendix ) provides a list of the bird species recorded for the Arcoona region lakes adjacent
to the power transmission line. Additional information for the regions containing WMC
infrastructure developments is provided in Kinhill Engineers (1995) and WMC—Olympic
Dam Operations (1992). Bird species within these regions are not discussed further, as these
developments have already been assessed for environmental impacts by the South Australian
Government (Kinhill Engineers 1995; Kinhill — Stearns Roger 1982; WMC—Olympic Dam
Operations 1992). Bird species in the vicinity of the transmission line corridor are discussed in
Chapter 11.

Threatened species

Twenty-one vulnerable or rare species are listed under the National Parks and Wildlife Act
1972 (SA) as occurring in the region (Table 7.5). Two species are considered to be vulnerable
by Garnett (1992); namely, plains-wanderer and thick-billed grasswren (Amytornis textilis
modestus).  One of these species, plains-wanderer, is of international and national
significance, being listed by the International Union for Conservation of Nature and Natural
Resources (1996) as threatened and in the Endangered Species Protection Act 1992 (Cwlth)
as a vulnerable species. There have been only two recorded sightings of plains-wanderer,
one during 1990 and one in 1996, each of one bird only. Both observations were made
within the Roxby Downs township.

The freckled duck, grey falcon (Falco hypoleucos) and thick-billed grasswren are the only
other species recorded in the region that are listed by the International Union for
Conservation of Nature and Natural Resources (1996) and Garnett (1992). The freckled duck
was first recorded in the region in 1981, and a population of over 5,000 was recorded at
Arcoona Lakes in 1992. The thick-billed grasswren was first recorded in 1993. The thick-
billed grasswren and grey falcon are not residents of the Olympic Dam region; however, they
have been recorded around Lake Eyre and in the borefields region.

Garnett (1992) provides action plans for each of the two vulnerable species (plains-wanderer
and thick-billed grasswren), which include, in summary, the following:

* Plains-wanderer: The conservative population estimate of this species is 10,000
individuals in Australia in good years. It remains vulnerable to many land use practices
(e.g. clearance of habitat for agriculture and overgrazing by stock and rabbits), which
have caused its disappearance from coastal parts of its former range. There is no
management action specific to the Project Area, as the species is a non-breeding vagrant
in the region. Management actions would be developed by WMC if the species status
changed within the Project Area.

» Thick-billed grasswren: Although this species is apparently common in parts of its
remaining range, it has disappeared from large areas of its former range for reasons that
are not clearly understood. There is no management action specific to the Project Area,
as the species is resident outside the area. Management actions would be developed by
WMC if the species status changed within the Project Area.
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Table 7.5 Threatened bird species recorded or potentially occurring within the Olympic Dam region

Status

. L National Endangered .Sp.e(‘ie.s
Common name Scientific name Farbe and Species ) distribution

Wildlife Act Protection Act WK el cea

1972 (SA) 1992 (Cwith)
Musk duck Biziura lobata Vv ~ - - N
Freckled duck Stictonetta naevosa \% - T R N
Australasian shoveler Anas rhynchotis R - -~ -~ N
Little egret Egretta garzetta A% - - - N
Intermediate egret Ardea intermedia R - - - N
Black-breasted Hamirostra Vv - - - N
buzzard melanosternon
Grey falcon Falco hypoleucos v - T R Va
Peregrine falcon f. peregrinus Vv ~ - - Va
Brolga Grus rubicunda vV - ~ - Va
Baillon's crake Porzana pusilla R - - - N/Va
Australian bustard Ardeolis australis \Y% - - - N
Plains-wanderer Pedionomus torquatus E A i % Va
Bush thick-knee Burhinus grallarius E - - Sc Va
Latham’s snipe Gallinago hardwickii v - - - S/Va
Eastern curlew Numenius Vv - - - 5/Va
madagascariensis
Flock bronzewing Phaps histrionica \Y - - - N/Va
Major Mitchell Cacatua leadbeateri Vv - - - N
Blue-winged parrot Neophema chrysostoma Vv - - - N/S
Thick-billed grasswren Amytornis textilis \'% = i 1 vV P
modestus

Painted firetail Emblema picta R - - - Va

F Endangered.

N Nomadic (long-distance movements).

P Presence has been recorded; however, resident outside of region.

R Rare.

S Seasonal visitor.

Sc¢ Special concern,

V' Vulnerable.

Va Vagrant (outside normal recognised range).

- Not relevant.

Note: All status categories used are in accordance with the ILUCN categories (International Union for Conservation of Nature and Natural Resources
1996).

Sources: National Parks and Wildlife Act 1972 (5A); Endangered Species Protection Act 1992 (Cwith); Department of Environment and Natural Resources

1993; International Union for Conservation of Nature and Natural Resources 1996; Garneltt 1992,

There is no habitat essential to wader birds in the Project Area or immediate region. There
are also no recorded resident (breeding) bird species in the Project Area that are protected
under the Bonn, JAMBA and CAMBA international agreements.

Regionally significant species include splendid fairy-wren (Malurus splendens), hooded robin
(Melanodryas cucullata) and spotless crake (Porzana tabuensis) (Kinhill - Stearns Roger 1982;
D. Niejalke and ). Read, WMC, pers. comm., February 1997). The Olympic Dam region
represents the limit of the range of these widespread species. Although the conservation
status of these species is one of regional significance, the Olympic Dam region is relatively
unimportant for the species, particularly for the spotless crake.

A banding and colour-banding study combined with detailed observations by WMC
environmental staff indicates that splendid fairy-wrens are largely restricted to an area of high
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sand dunes with dense vegetation east of the Olympic Dam Village. Splendid fairy-wrens
have remained in the area in a relatively stable population, with a bird banded in 1987
recaptured in 1995. While hooded robins are less sedentary, they are still recorded regularly
on the Special Mining Lease, north-west of Whenan Shaft. Successful breeding of the species
was recorded in 1994 and 1995. There is no evidence that development in the Project Area
has had any adverse impact on either species.

7.3.4 Expansion Project impacts and mitigation—birds

A detailed retrospective review of the fauna component of Kinhill — Stearns Roger
(1982) found that the latter document was both an accurate and a useful appraisal of
the regional avifauna and project impacts (Read 1994). The following discussion
includes the findings of this review.

Benefits

Twenty-four bird species were predicted to benefit from activities at Olympic Dam
following vegetation clearance, increased water and food supply and increased nesting
sites (Kinhill - Stearns Roger 1982). Preliminary analysis of quantitative data and
observations by environmental staff indicate that all but six of these species (Table 7.6)
now occur more frequently within the developed zone of the Project Area, where they
make use of artificial nest sites and/or increased water or food supply. Although not
predicted to do so in Kinhill — Stearns Roger (1982), other species to benefit have been
white-breasted woodswallow (Artamus leucorynchus), white-plumed honeyeater
(Lichenostomus penicillatus) and striated pardalote (Pardalotus striatus).

Table 7.6 Birds that have benefited from project development and likely beneficial factors

Increased Increased Establishment Presence
Bird species water/food nesting of eucalypt of rubbish
supply sites trees dumps

Emu
Black kite

Nankeen kestrel

= - X

Masked plover

Crested pigeon

X X X X X X
I
I
|

Budgerigar
Red-backed kingfisher

Striated pardalote

I
= x

I

|

White-plumed honeyeater
Magpie-lark

Willie wagtail
White-breasted woodswallow
Australian raven

Little crow

X OX X XK XK X X X
|
I
|

Zebra finch

White-backed swallow

Welcome swallow

> X X X K XK X
]
|

Fairy martin

- Naot relevant.

General impacts

The five species that do not appear to have benefited (brown falcon, little button-quail, Australian
magpie, Richard’s pipit and brown songlark) are those that were expected to have gained
advantage from more open habitat (i.e. their preferred habitat) following vegetation clearance.
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The principal aim of the latter programme is to monitor zebra finch populations adjacent to
waterbodies. Zebra finches are very abundant in the Project Area, their presence and
population size being determined by the presence of permanent waterbodies.

Details and data from the monitoring programmes are provided in each of the publicly
available EMMP annual reports provided to the State Government.

7.3.5 Reptiles and amphibians

Reptiles are the most numerous and diverse terrestrial vertebrate group in arid Australian
environments, including the Olympic Dam region. Table .4 in Appendix | presents the
cumulative total of species confirmed by WMC monitoring and fauna surveys since 1980.
Chenopod shrublands are common in dune swales in the Project Area and the region, and this
habitat supports a particularly diverse reptile community. (Read 1992, 1995; Read and Badman
1990). Only one species of amphibian has been found in the region and the Project Area.

Reptiles in the region

Forty-five species of reptiles have been found in the region of Olympic Dam. None of these
species is listed as vulnerable, rare or endangered under Commonwealth or State legislation.
An additional twenty-eight species of reptile have been recorded in similar habitats outside
the study region identified for this assessment. Table .5 in Appendix | presents these
additional species. Of these species, ten are of conservation significance and have been
recorded either in the borefields region or in association with, or in the general vicinity of,
WMC infrastructure. The species include three dragon species, gibber dragon (Ctenophorus
gibba), Lake Eyre dragon (C. maculosus) and red-barred dragon (C. vadnappa); Pernatty
knob-tailed gecko (Nephrurus deleani); and populations of two skink species, Lerista dorsalis
and L. bougainvillii.

All three dragon species are considered potentially vulnerable (Kennedy 1990) and specific
safeguards to protect these species have been implemented in the past during infrastructure
construction phases.

The Pernatty knob-tailed gecko is also considered a potentially vulnerable species and has a
limited geographical range (Kennedy 1990). The Lerista populations are morphologically
distinct from other populations in much of the region, and require further study to assess their
biological and conservation significance (M. Hutchinson, South Australian Museum, pers.
comm., December 1996). WMC has commissioned a study to assess the taxonomy of these
skinks. Notwithstanding this commitment by WMC, it is unlikely that any of these species
or populations would be present in the Project Area.

Reptiles in the Project Area

Forty-one reptile species have been recorded in the Project Area. Of the species present in
the Project Area, four species are relatively uncommon (Ctenotus leae, Lerista muelleri,
Morethia boulengeri and Ramphotyphlops bituberculatus), with less than ten specimens of
each species recorded over twelve vears of surveys (Read 1994). Although captured in low
numbers, these species do not have an assigned conservation status under Commonwealth
or State legislation.

One other species in the Project Area is represented by a single specimen, woma python
(Aspidites ramsayi), and is of particular interest. The central Australian population of this
species is not threatened (Cogger 1992). The Draft Threatened Species Strategy of South
Australia (Department of Environment and Natural Resources 1993) records this species
as rare and the International Union for Conservation of Nature and Natural Resources
(1996) records it as endangered. Read (1994) suggests that this animal may have been




transported to Roxby Downs; however, the recording may represent a considerable southerly
extension of the species range. All other species are relatively abundant throughout wide
distributions.

Amphibians

One amphibian species, trilling frog (Neobatrachus centralis), is recorded for the region and the
Project Area. This burrowing species aestivates (becomes dormant) during drought conditions
but is common on the ground surface following heavy rains. WMC'’s amphibian monitoring
programme examines physical abnormalities in this species in relation to radionuclide levels
(Section 7.3.9).

7.3.6 Expansion Project impacts and mitigation—reptiles and amphibians

Of the reptile species present in the Project Area, none is exclusive to the Olympic Dam
region and most, if not all, have a wide distribution in central Australia and apparently stable
population numbers. As the Project Area occupies less than 2% of the Moondiepitchnie
environmental association in the region, with similar habitat types replicated throughout the
association, it is unlikely that the proposed mine and township expansion would significantly
impact regional reptile populations. Separate mitigation strategies have previously been
proposed for WMC projects and activities that may have an effect outside the Project Area.

Vegetation clearance in the Project Area for the Expansion Project (Table 7.4) will cause an
overall minor reduction in the habitat area available to reptile species. In addition, an unknown
number of individuals would be expected to die or be displaced during construction.

The most significant regional and local threats to reptiles are major, widespread habitat
modifications resulting from some aspects of pastoral activities, and the introduction and
expansion of populations of pest predators such as cats and foxes.

Some large reptile species, such as Gould’s goanna (Varanus gouldii), mulga snake
(Pseudechis australis) and western brown snake (Pseudonaja nuchalis), have benefited in
the past from house mouse population increases following favourable breeding
conditions. Snakes that pose a threat to people are removed to other areas by site
environmental staff.

An indirect, negative effect of further development and rabbit population increases in the
recent past has been the increase in the feral cat population. Based on gut analyses of cats
that have been killed, at least twenty-one species of reptile have been recorded as eaten by
feral cats (WMC—Olympic Dam Corporation 1996b). The release of unwanted domestic
cats into the wild by Roxby Downs residents is actively discouraged by WMC. WMC
environmental personnel also conduct an active feral cat control programme of trapping and
opportunistic shooting, and this programme will continue.

An examination of changes in reptile diversity, abundance and reproductive success has
been undertaken by WMC to assess changes in reptile populations owing to existing
operations. Figure 7.9 presents data on the reproductive success for females of several gecko
species at five sections in the Project Area with different disturbance factors.

Following an initial decrease in breeding success, there has been a measurable increase in the
breeding success of geckos and in capture rates of reptiles in close proximity to the
metallurgical plant (WMC—OIlympic Dam Operations 1995). Reproductive success rates were
substantially lower in close proximity to the smelter and raise bores compared with control
sites. However, success rates in these areas have improved following mitigation measures
undertaken by WMC to decrease sulphur dioxide and salt emissions from these sources
(WMC—Olympic Dam Corporation 1996b). Additional pollution control measures to be
implemented as part of the Expansion Project at the smelter and at all new raise bores would
further mitigate possible effects on reptiles.
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A very visible impact on the reptile fauna within the Project Area is the road kills of Gould's
goannas and shingleback lizards over spring and summer (WMC—Olympic Dam Operations
1989). However, the recorded incidence of these road kills is low, at approximately one
individual per week at certain times of the vear, although many road kills may go
unrecorded. Both these lizard species remain common in the Project Area and the region.

Many frog species can be sensitive to radiation, and the trilling frog commonly inhabits
claypans, which are regions of natural heavy metal and radionuclide accumulation. Animals
that inhabit contaminated claypans are likely to be exposed to contaminant levels that may
induce deformity. Read and Tyler (1990) found that the incidence of abnormalities among
frogs in the Project Area and the region was comparable to those recorded in other countries.
Low levels of radionuclides are present in tadpoles of this species, but radionuclides do not
appear to be accumulating or influencing abnormality levels (Read and Tyler 1994).

7.3.7 Introduced and proclaimed animal species

Settlement of remote areas in Australia since the mid-1800s provided an opportunity for
some domestic and introduced animals to prosper as pest species owing to limited or no
competition for resources such as food and shelter. Often associated with settled areas are
domestic, feral and semi-feral animals that, owing to their high rates of fecundity, breed wild
populations. The lack of competition for resources in the region of remote settled areas
provides individual animals (which have often escaped confinement or been abandoned)
and existing breeding populations with the opportunity to secure available niches. The
animal species discussed in this section are considered in order of relative abundance and
importance.

In regions throughout much of Australia, wild populations of a number of species, including
European rabbit (Oryctolagus cuniculus), cat (Felis catus), fox (Vulpes vulpes), dingo (Canis
lupus dingo, naturalised species) and dog (C. familiaris), have caused the decline of
communities, habitats and native animal, and in some cases pest animal, populations. The
impacts of these animals are listed in Appendix J. Further discussion on the inclusion of
dingo in this group is also provided in Appendix |.



Schedule 3 of the Commonwealth Endangered Species Protection Act 1992 considers the
impacts of European rabbit, cat and fox to be major threatening processes for native flora and
fauna. Control of proclaimed animals in South Australia is under the Animal and Plant
Control (Agricultural Protection and Other Purposes) Act 1986 and the Dog Fence Act 1946.
The former Act provides guidelines for the possession, sale, release, control and destruction
of proclaimed animal species, while the latter provides legislation for the control of dingoes
and wild dogs.

National and State policies that include provision for introduced animal control programmes
and strategies include the following:

« National Landcare Programme—Development of programmes to manage vertebrate pests
through regional landcare groups, which develop pest animal control strategies that best
suit their regional conditions.

« National Invasive Species Programme—A national strategy for invasive, introduced plant
and animal species control.

« Australian and South Australian National Parks and Wildlife Service—An agency covering
vertebrate pest control in National Parks.

s Save the Bush Programme—A programme that includes pest control for the conservation
of vegetation communities and habitats.

« Endangered Species Programme—A programme for control of threatening processes.

As discussed in Section 7.1.3, WMC has a commitment to the environment through its
corporate environmental policy. As part of this commitment on site, WMC has implemented
a series of management and control programmes that include a proclaimed animal species
control programme. This programme focuses on the control of rabbits, cats and foxes in the
Special Mining Lease and Municipal Lease areas.

Regional introduced and proclaimed animals

Introduced animal species recorded in the region are listed in Table 7.7. Table 7.8 describes
the impacts of the common introduced animals of the region on the native plants and
animals.

Table 7.7 Introduced species recorded or observed in the region

Common name Species name Regional status
European rabbit Oryctolagus cuniculus Common

Cat Felis catus Common
House mouse Mus musculus Common

Fox Vulpes vulpes Common
Dingo Canis lupus dingo Rare

Wild dog C. familiaris Uncommon

Sources: Adapted from Baker 1992; Kemper 1990; Z, Bowen, WMC, pers. comm.,
November 1996; R, Downward, Animal and Plant Control Commission,
pers. comm., December 1996,

The introduced and proclaimed animal species that occur in the region are also present
throughout South Australia generally, and were present prior to development in the Project
Area. The dominant introduced animals present in the region are mammal species, in
particular rabbit, cat, house mouse and fox. Hoofed introduced mammals are also present;
however, these tend to be confined to remote areas where ranges are large and competition
for resources is low, such as the borefields region.
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Table 7.8 Summary of impacts associated with major regional introduced animal species

Common name

European rabbit
(herbivore)

Cat (carnivore)

House mouse
(omnivore, primarily
granivore).

Fox (omnivore)

Animals

Main species
affected

Birds and mammals

Birds, small mammals
and rodents, repliles,
amphibians and
invertebrates

Unknown range of
small omnivorous
mammals and
invertebrates

Birds, small to
medium-sized
mammals, reptiles,
amphibians and
invertebrates

Mode of impact

Competition for food
and shelter; changes
to floristic
composition of
habitats; suppression
of long-lived
perennial plant
regeneration; prey for
native predators as
well as foxes and cats

Predation,
competition and
possibly transfer of
disease

Competition for food
and nesting burrows;
prey for native
predators, foxes and
cats

Predation and
competition;
introduction and
spread of disease

Plants

Main species
affected

Many species of
grasses, forbs,
seedlings and young
trees and the bark of
older trees (e.g.
Acacia, Callitris)

None

Unknown range of
grasses and other
vegetation

Not known

Mode of impact

Direct grazing;
indirect impacts
include increased soil
erosion and increased
competition from
subsequent
colonisation by
introduced plants

None

Seed grazing of an
unknown range of
grass and tree species

Will eat fruit and
some plants

A description of each of the pest species listed in Table 7.7 is provided in Appendix ]. The
nomenclature used throughout this section follows Strahan (1995).

Introduced and proclaimed animals in the Project Area

Roxby Downs township is enclosed by a 13 km rabbit-proof fence (. Read, WMC, pers.
comm., December 1996). Fencing in the Project Area was completed in 1986-87.

Kinhill - Stearns Roger (1982) reported four introduced mammal species in the Project
Area—European rabbit, cat, house mouse and fox. These species are still present and
population numbers vary with environmental conditions. Long-term fluctuations in
population numbers are generally associated with drought and rainfall.  Table 7.9
provides details of vertebrate and invertebrate species within the Project Area from 1982
to 1996.

A regular monitoring and eradication programme for introduced large mammals is conducted
both inside and outside the Municipal Lease fence by WMC personnel to assess impacts on
the local environment and control these species (Badman et al. 1996). The programme
includes:

« spotlighting every two months along predetermined routes inside and outside the rabbit-
proof fence and north of the Whenan Shaft;

= routine searches and fumigation of rabbit warrens with phostoxin gas, coupled with
opportunistic shooting;

* opportunistic shooting or wire cage trapping of cats and foxes in the Project Area.
The rabbit control programme is generally only conducted inside the rabbit-proof fence;

however, control methods are also used where rabbits threaten amenity plantings and
vegelation rehabilitation areas (WMC—Olympic Dam Corporation 1996b). It is suspected



that Rabbit Calicivirus Disease reached the Roxby Downs region in mid to late 1996, but
this has yet to be confirmed by laboratory analysis (Z. Bowen, WMC, pers. comm.,
November 1996).

Active control of cats and foxes is undertaken opportunistically and when necessary. The
population density of house mouse is not specifically monitored, except as part of other
monitoring programmes, as this species is not considered a significant environmental threat

in the Project Area.

The locations of monitoring points and routes for large introduced mammals are provided in

Chapter 15.

Table 7.9 Past and present abundance of introduced vertebrate and invertebrate species in the
Project Area

Formal
Common name  Species name 1982 status Present status General control
(1996) range programme
European rabbit  Oryctolagus Very abundant  Common Mi/Mu Yes
cuniculus (11.5 animals/km?)!
Cat Felis catus Abundant Common Mi/Mu Yes
(1.3 animals/km?)
House mouse Mus musculus Common Common/seasonal Mu No
Fox Vulpes vulpes Common Common (0.3 animals/km?)’ Mi/Mu Yes
Dingo/wild dog  Canis lupus Not recorded Rare Mi/Mu No
dingo/
C. familiaris
Black rat Rattus rattus Not recorded Two recorded in May 1993 Mu No
Spotted Streptopelia Not recorded Breeding pair first Mu No
turtle-dove chinensis recorded July 1993;
last recorded August 1994
Feral pigeon Columba livia Not recorded Rare Mu No
House sparrow Passer Not recorded Common Mu No
domesticus
Common Sturnus vulgaris  Not recorded Low in numbers Mu No
starling
Honey-bee Apis mellifera Not recorded Introduced in 1990; - No
removed in December 1995
Black Ommatoiulus Not recorded Uncommon Mu No
Portuguese moreletii
millipede
White snail Helicella virgata  Not recorded Uncommon Mu No
Brown snail Helix aspersa Not recorded Common Mu No
Conical snail Cochlicella Not recorded Uncommon Mu No
ventrosa
Slug Milax gagates Not recorded Uncommon Mu No
Slug Agriolimax Not recorded Uncommon Mu No
agrestis

1 Population abundance estimates based on WMC monitoring data recorded within the vermin-proof fence.

Mi  Denotes range is generally in the Special Mining Lease area.

Mu Denotes range is generally in the Municipal Lease area.
Sources: Kinhill - Stearns Roger 1982; WMC—Olympic Dam Corporation 1996b.

Figures 7.10, 7.11 and 7.12 show the abundance of rabbit, cat and fox populations within
the rabbit-proof fence compared with areas outside the fenced area in the period 1989-96.
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These data were recorded by WMC during the monitoring programme and show that:

« the overall population density of rabbits was erratic in the period 1989-93, with a massive
decline since 1994;

« there has been an overall increase in the population density of cats in the period
1989-94, particularly north of Whenan Shaft. However, while high population numbers
occurred inside the rabbit-proof fence during 1995 and 1996, there has been a decline in
population numbers outside the fence, including north of Whenan Shaft, since 1994;

o there has been an overall population decline in foxes since 1989, although an increase in
numbers was recorded inside the rabbit-proof fence in 1996.

Population abundance data based on the monitoring programme are provided in Table 7.9.

Expansion project impacts and mitigation

The introduced species present in the Project Area occur throughout the region and much of
southern and central Australia. Potential impacts of the proposed Expansion Project are
expected to be minimal and, if present, localised, and include an increase in the:

 abundance of existing unmanaged pest animal populations in and adjacent to landfills;

« number of larger solitary introduced animals (possibly dingoes and probably cats) that
venture into settled areas to feed on smaller pest animal species (house mouse) owing to
the increased abundance of these smaller animals;

« number of introduced bird species, including house sparrows, feral (and wayward racing)
pigeons, and starlings, that have in the past benefited from development and settlement
at Olympic Dam and Roxby Downs.

There are not expected to be any significant regional impacts from introduced and
proclaimed animal species as a result of the expansion.

Monitoring of introduced and proclaimed animal species would continue and would be
expanded to include assessment of all new disturbance areas. Reporting of the presence,
abundance and control of these species, including invertebrates, would be included in the
WMC EMMP annual reports.

The presence and efficacy of the Rabbit Calicivirus Disease would be investigated further and
incorporated in the ongoing monitoring and management programme. Additional programmes
to control rabbits immune to Rabbit Calicivirus Disease would be established.

7.3.8 Macroinvertebrates

It is estimated that there are in excess of 500 species of macroinvertebrates (hereafter referred
to as invertebrates) in the region (WMC—Olympic Dam Operations 1991); however, the
species diversity of invertebrates likely to be recorded at any one time is dependent on
seasonal conditions. During a three-month survey by WMC over the summer of 1990-91, 113
insect species were recorded (WMC—Olympic Dam Operations 1991). While this diversity
and these species are of scientific interest, they are of limited known value as possible
indicators of environmental change. Among the more useful invertebrate indicators are ant
species, some of which have long-lived and generally stable communities (Greenslade 1979).

As is the case for much of Australia, an assessment of microinvertebrate faunal composition
and abundance in the region has not been undertaken. In addition, few investigations have
been carried out into the aquatic macroinvertebrates and microinvertebrates of ephemeral
waterbodies in the region.
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Ants

Read (1996) reports that eighty ant species have been recorded in the Project Area. Of these,
Iridomyrmex was the most abundant genus, represented by twenty-one species. Other
genera represented include Melophorus (seventeen species), Monomorium (twelve species)
and Pheidole (eight species).

There are at least four, recognisably distinct, functional groups of ants. These groups and their
relevant features are presented in Table 7.10. Generalist, opportunist and other ant group
species must adapt and conform to patterns established by dominant ants (Greenslade 1979).

Table 7.10 Functional groups and relevant features of common ant genera in the
Project Area

Functional Group Genera Relevant features
Dominant ants Iriddomyrmex Highly abundant, active and aggressive;
able to monopolise resources
Generalist Myrmicines  Monomorium Unspecialised behaviour but successful
Pheidole competitors owing to rapid recruitment and

Opportunists

Crematogaster

Rhytidoponera

effective defences

Extremely unspecialised behaviour; poor
competitors

Other species Melophorus Variety of subordinate or highly specialised ants,
Campanotus usually with features that reduce interactions
Tetramorium with other ants
Myrmecia
Tapinoma
Meranoplus

Sources: Andersen 1990; WMC—Olympic Dam Operations 1991.

Opportunist ant species experience major fluctuations in population numbers in response to
the availability of resources and to changes in the numbers of dominant ants or species.

Dominant and generalist ant species out-compete opportunists and others in undisturbed
environments (Andersen 1990). As disturbance increases, other specialist and less-competitive
ants increase in numbers. Therefore, a change in the ratio of dominant ant species to opportunist
and specialised ant species is indicative of environmental disturbance.

There are considerable differences in the ratios of ants of the three major functional groups
at the sites along a transect through and beyond the metallurgical plant. Colonising ants
appear to be more abundant in close proximity to the metallurgical plant, and dominant ant
species become increasingly abundant with distance from the plant.

Further discussion ot the use of ants to indicate project impacts in the vicinity of the
metallurgical plant is presented in Section 7.3.10.

Three genera of ants (Iridomyrmex, Melophorus and Monomorium) dominate the ant fauna
at control sites and at sites remote from the metallurgical plant. Although the trends in the
data are not entirely consistent, dominant ants appear to be most abundant in regions of
either high or minimal disturbance. This does not fully accord with previously published
information (e.g. Andersen 1990). The dominance of these ants in highly disturbed sites has
been attributed to the high proportion of a local form of Iridomyrmex, 1. rufoniger, and also
to L. virideaneus, which both include large areas of bare ground as favoured habitats.

7.3.9 Summary ot impacts of the expansion on terrestrial fauna

This section discusses the impacts of the expansion on the terrestrial fauna and habitats
present in the Project Area.
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Special Mining Lease

As discussed in Section 7.2.6, land disturbance of between 607 ha and 1,057 ha is expected to
occur as a result of the expansion to 200,000 t/a copper production. The disturbance area
increases to between 937 ha and 1,557 ha with expansion to 350,000 t/a copper production.
The majority of the area that would be impacted consists of widely spaced dunes with some
small areas of high-density dunes. The dominant vegetation communities in these dunefields
are mulga woodland/sandhill wattle and hopbush tall open shrublands on the dunes and
saltbush/low bluebush low open shrubland in the interdune swales.

The mulga woodland/sandhill wattle tall open shrubland vegetation community on the dunes
provides a diversity of habitats for a range of mammal, bird and reptile species. In addition,
the dunes provide habitat for many species of burrowing animal species, particularly reptiles
and small mammals. Regionally, the dunefields and these vegetation communities are
extensive; hence, the animals that inhabit these dunefield areas are not restricted to the areas
that are expected to be impacted.

It is unlikely that the habitat and survival of any animal species would be threatened by the
implementation of the proposed expansion. Owing to past construction of infrastructure and
plant and ongoing road traffic and noise, major habitat areas occur some distance from the
mine and plant areas. It is expected, however, that there would be short-term disruptions to
animals that inhabit the impact areas while alternative habitats are sought. The mobility of
most animal species would minimise the chance of injury or death in the impacted areas.
Two permanent fauna monitoring sites in the Special Mining Lease area would be directly
impacted by the Expansion Project. These sites would be replaced with sites selected from
nearby, similar habitats.

Municipal Lease

As discussed in Section 7.2.6, additional land and vegetation disturbance of up to 25 ha of
the total Municipal Lease area would be expected as a result of the expansion to 200,000 t/a
copper production. The additional disturbance area increases up to 71 ha with expansion to
350,000 t/a copper production. The area of the Municipal Lease that would be impacted
comprises widely spaced and high-density dunes and is dominated by several vegetation
communities, such as mulga woodland, sandhill wattle tall open shrubland, native pine
woodlands on the dunes, and western myall woodland and saltbush/low bluebush low open
shrubland on the interdune swales.

The woodland and tall shrubland vegetation on the dunes provides a multi-strata and highly
diverse habitat for a variety of animal species. This habitat is not unique in the region and is
repeated consistently over a wide area; hence, it is not expected that any significant animal
species or habitats would be threatened as a result of the expansion. In addition, major
habitats are located some distance from existing town development and the associated and
ongoing traffic and residential noise.

The retention and linking of some vegetation communities within the new residential
development would provide inferior habitats within the residential area and, more
importantly, corridors to pristine habitats external to the town. In the short term, however, it
is expected that there would be disruptions to animals that inhabit the impacted areas,
although the mobility of most animal species would minimise the chance of injury or death
in these areas during this time. No permanent fauna monitoring sites would be directly
impacted by the Expansion Project.

Noise impacts on fauna

In general, the acoustic environment associated with the expansion would be similar to,
although slightly noisier than, the existing conditions in the Special Mining Lease and the
Municipal Lease (Section 9.5).
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All vertebrate species would continue to avoid the immediate region of the metallurgical
plant, including the major point sources of noise detailed in Section 9.5 (e.g. shaft furnace,
autogenous mill and anode furnace). The predicted average noise levels of 60-62 dBA
(following expansion) in areas surrounding the metallurgical plant would be unlikely to result
in a disturbance response by vertebrate species as many species show a high level of
habituation to this constant noise at this level.

In general, noise levels in excess of 75 dBA are required before a response occurs in most
vertebrates (Department of Defence 1995). Consequently there is not predicted to be any
change in the distribution and abundance of vertebrate and invertebrate species owing to
noise resulting from the expansion.

7.3.10 Fauna monitoring

Fauna monitoring in the Project Area is principally designed to determine the nature, extent
and degree of any impacts, positive and negative, of the project on fauna. As outlined in
Chapter 15, all major vertebrate groups are monitored, as well as some invertebrates (ants),
as part of an annual ongoing programme.

Where practicable, terrestrial vertebrate monitoring studies are used to measure quantitatively
the impacts of WMC’s activities. Chenopod shrubland is the most important habitat for
reptiles (Read 1992), and is therefore used for a range of detailed ecological monitoring
studies. Monitoring data are used to compare species diversity, capture rates and breeding
patterns both within and in the immediate vicinity of the Project Area. WMC's monitoring
programme is comprehensive and, based on its review as part of this EIS and with a few
modifications, would be suitable to monitor impacts associated with post-expansion activities.

Table 7.11 summarises the monitoring undertaken for the Olympic Dam region fauna
monitoring programme.

Table 7.11 Olympic Dam fauna monitoring summary

Location Monitoring Frequency
Terrestrial vertebrate Total vertebrate abundance, sex, length, Annually

pitiall sites weight, age and breeding condition

Olympic Dam region Frog abnormalities Opportunistically
Ant monitoring sites Ant genera diversity and abundance Annually

Bird monitoring sites Bird species density Annually
Olympic Dam region Bird species inventory Monthly

Large mammal transects Large mammal densities Every two months

Source:  WMC—Olympic Dam Corporation 19964,

Terrestrial vertebrates

The terrestrial vertebrates monitoring programme conducted by WMC includes large and
small mammals, reptiles and amphibians. Records of all animals’ (except large mammals)
sex, length, weight, age and breeding condition are collected. Results of these studies are
presented in the EMMP annual reports. A separate study to determine life spans is part of a
research programme.

Large native and pest mammal species assessed include kangaroos, rabbits, cats and foxes.
Kangaroo and rabbit numbers directly affect the condition of the vegetation within the
Project Area and region, and also affect the success of rehabilitation measures and amenity
plantings. Likewise, cat and fox numbers impact on native vertebrate populations. Therefore,



large mammals have the potential for a major impact on the ecology of the region. Large
mammal populations are monitored and, if necessary, rabbits, cats and foxes are controlled.

Kangaroos, rabbits, cats and foxes are counted every two months along three spotlight
transects, each of appraximately 20 km. Transects are located in the sand dunes inside the
rabbit-proof fence, immediately outside the rabbit-proof fence, and in the more-open country
north of Whenan Shaft. Densities of all four species are calculated and compared with
previously collected data.

In the Project Area, kangaroo population densities are monitored by WMC. Since 1989, the
first year of records, population levels have fluctuated from zero to the highest recording of
twenty-two kangaroos per km? in mid-1993 (WMC—Olympic Dam Corporation 1996b).
Kangaroo numbers are not regulated within the Project Area; however, the Kingoonya Soil
Conservation District Plan (Kingoonya Soil Conservation Board 1996), which incorporates
the Project Area, ensures that kangaroos are controlled if they reach levels sufficient to cause
environmental damage, as defined by the South Australian National Parks and Wildlife Act
1972 (WMC—Olympic Dam Corporation 1996a). Where major or significant damage to
pastures or improvements is demonstrated, the Department of Environment and Natural
Resources may issue licences to reduce kangaroo population numbers. WMC has not
controlled kangaroo numbers in the Project Area since 1995.

Small terrestrial vertebrates are trapped using pitfall traps, which are placed permanently in
selected locations and opened for each trapping period. Other areas or sites are assessed and
monitored as required: for example, monitoring of construction programmes in the Project
Area and the Borefield B project.

An additional study of trilling frogs is conducted opportunistically when weather
conditions favour their emergence and/or breeding. Skeletal abnormality levels in frogs
and radionuclide concentrations in tadpoles are investigated using amphibians captured
close to the mine and metallurgical plant, and at control sites remote from Olympic Dam
(WMC—Olympic Dam Corporation 1996a).

Invertebrate monitoring—ants

Monitoring of invertebrates is an important part of the fauna monitoring programme. Ants
are believed to be sensitive indicators of environmental condition and disturbance and have
therefore been chosen as the most practical and useful invertebrate group to monitor.

Metallurgical plant emissions are considered to be the only environmental pollutants with the
potential to affect the undeveloped sections of the Project Area; therefore, these emissions
have been a focus of the ant monitoring study. Ants are surveyed each year along a transect
passing through the metallurgical plant, in the direction of the prevailing wind, and at control
sites. The abundance of ants at each location is assessed by counting, and data from near
the operation and control sites are compared in an attempt to identify impacts. Results to
date have been inconclusive.

In order to improve the ant monitoring programme, increased assessment of sites would be
necessary. This would provide additional information for assessment of spatial and temporal
variations in ant distribution. A greater understanding of ant ecology and taxonomy would
be necessary before ants could be used as unequivocal indicators of environmental condition
in the Special Mining Lease area (Read 1996).

7.4 MOUND SPRINGS

Mound springs are naturally occurring outlets for water discharging under pressure from the
Great Artesian Basin. They are located around the margin of the Great Artesian Basin in
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Queensland, north-western New South Wales, and northern and north-eastern South
Australia, with the majority occurring in South Australia (Ponder 1986). The absolute age of
the mound springs is not known; however, the onset of spring activity is thought to be greater
than 8,000 to 10,000 years ago (Boyd 1990; Habermehl 1982) and several extinct spring
mounds (e.g. Hamilton Hill and Beresford Hill springs) are thought to have been active
during the Pleistocene age.

Considerable information on mound springs has previously been presented in
Kinhill — Stearns Roger (1982), Kinhill Stearns (1984) and Kinhill Engineers (1995). Locations
of mound springs in the vicinity of Borefields A and B are shown in Figure 7.13.

Ponder (1986) and Thomson and Barnett (1985) indicate that springs in Australia and South
Australia are generally associated with:

« geological faults through which water flows to the ground surface
« bedrock outcrops that interrupt groundwater flow from aquifers

« thin or no rock cover above an aquifer.

The outflow water of South Australian mound springs originates primarily from recharge areas
associated with the Great Dividing Range in Queensland, and along the western margins in
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the uplands west of Lake Eyre and the Simpson Desert in South Australia. The water from
these recharge areas slowly percolates through the basin at a rate of 1-5 m per year
(Habermehl 1980). The water outflow from most mound springs is generally low, ranging
from less than 0.1 L/s to 7.5 L/s (Habermehl 1982; WMC—Olympic Dam Corporation 1996b),
although flow rates of 162 L/s are recorded at Dalhousie Springs.

Mound springs are estimated to discharge approximately 5% of the total water flowing
from the Great Artesian Basin (Section 4.2.1). The outilow waters are warm, with
average temperatures of 20-35°C, although extremes of 14°C and 46°C have been
recorded (Boyd 1990). Most outflow waters are neutral to alkaline (pH 7-10) and high
in soluble salts, including sodium, bicarbonate, carbonate and chloride (Kinhill Stearns
1984; WMC—Olympic Dam Corporation 1996b).

7.4.1 Mound springs conservation values

Many of the South Australian mound springs contain endemic and relict plant species
(Fatchen and Fatchen 1993) and endemic invertebrate animal species that have undergone
genetic differentiation and speciation as a result of the isolation of each group of springs by
large tracts of arid land (Ponder 1986; Ponder et al. 1989).

Some mound springs provide valuable scientific information about changes in local plant
communities and water flow characteristics over approximately 2,000 years through pollen
and radiocarbon dating studies (Boyd 1994). Mound springs also provide the environment
necessary for aquatic invertebrates with poor dispersal capabilities and total dependence on
water throughout their life cycles, such as some molluscs and crustaceans, to occur in an
otherwise arid region (Ponder 1994). In addition, they are a valuable water source for some
larger native vertebrate animal species.

Mound springs have provided focal points as water sources for Aboriginal people, explorers and
settlements, especially those settlements associated with the pastoral industry. Degradation of
some of the springs has occurred owing to stock damage over the last 100 years (Ponder 1986).
This degradation has adversely affected habitats, fauna and flora of some mound springs.

The proliferation of artesian bores in the early 1900s, and the subsequent uncontrolled flow
of water, caused a considerable reduction in the potentiometric surface of the Great Artesian
Basin, resulting in a reduction in mound spring flows (Section 4.2). The rehabilitation of
more than 90% of artesian bores within the South Australian portion of the Great Artesian
Basin since 1977 has reduced the uncontrolled water flow by approximately 115 ML/d
(Sampson 1996).

The conservation of mound springs is therefore important from cultural, historical, biological
and scientific perspectives. In particular, the mound springs provide an important research
area for prehistoric, historic, evolutionary, ecological and biogeographical studies.
Australian aquatic fauna conservation has primarily focused on vertebrates and, although
some conservation measures have also incidentally aided the conservation of invertebrates,
additional measures are required for some invertebrates.

In relation to mound springs, conservation measures required include the protection of the
waterbodies and associated vegetation and the proper management and conservation of
artesian water sources. Ponder (1994) reports that more than forty species of biologically
unique aquatic invertebrates inhabit artesian springs in Australia, and that these rely on the
continued presence of artesian water. The existence of these invertebrates has been
threatened since extraction of artesian water commenced in the late 1800s and mound spring
discharge rates declined.

Several mound springs and spring groups and their surrounds have been recognised as
historically or culturally significant and have, as a consequence, been listed in the
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Register of the National Estate (D. Heap, Australian Heritage Commission, pers. comm.,
November 1996). Details of all springs and spring groups listed by the Australian Heritage
Commission (now the Australian and World Heritage Group of Environment Australia) are
provided in Table 7.12. There are numerous other sites associated with mound springs that
display evidence of past human occupation; however, these sites are not registered with the
Australian Heritage Commission. Further discussion on the presence of Aboriginal people at
mound springs can be found in Section 6.3.

The wetlands of the Lake Eyre mound springs are registered under the Directory of Important
Wetlands in Australia as being of national importance (Australian Nature Conservation
Agency 1996b).

Table 7.12 Sites associated with South Australian mound springs listed in the Register
of the National Estate

Nearest town Site class Location }(\}::'?
Copley Aboriginal Twelve Springs Aboriginal sites 180
Coward Springs Natural Blanche Cup Springs area 700
Aboriginal Bidalina Aboriginal site 300
Marree Natural Lake Eyre and environs 2,100,000
William Creek Historic Strangways Springs site n.a.
Oodnadatta Natural Dalhousie Springs 7,500
Natural Dalhousie Springs area 19,000
Historic The Peake Group n.a.

n.a. Not available.
Source: Australian Heritage Commission (now the Australian and World Heritage Group of Environment Australia).

In addition, it is possible that the Australian mound springs, as unique ecological communities,
could be nominated for listing under the Commonwealth Endangered Species Protection Act
1992 (). Pook, Biodiversity Group, Environment Australia, pers. comm., October 1996).

7.4.2 Classification of mound springs

A range of classifications has been used to describe mound springs. Springs are considered to
be active when there is sufficient water flow to maintain an outflow channel; waning when
the water flow rate has considerably reduced and the spring has become a damp seep; non-
active when the water flow has ceased; and extinct if water has not discharged for a
considerable time. Some non-active springs have been known to resume flowing following
local changes in water pressure. Extinct springs are evidenced by the absence of mound
spring wetland vegetation and/or pronounced weathering of the mound (Kinhill Stearns 1984).

Mound springs have a diversity of forms. Some display a mound of mud, sand or calcareous
materials deposited from the outflow water; others have not formed a mound and have a
strong surface flow and large wetland; and some are no more than a damp seep. Figure 7.14
shows a typical mound spring in cross-section.

Active mound springs usually comprise three main parts: the vent and associated vent pool,
the outflow channel (or channels) from the vent, and the tail. However, not all springs have
all three components. In the Lake Eyre supergroup, especially the Hermit Hill spring
complex, the depth of water in the vent, which may be a small opening or a pool, generally
does not exceed 2-3 cm, and is often only a few millimetres in the outflow channels and tails
(Ponder et al. 1989).

Mound springs are classified into groups, complexes and supergroups. Mound spring groups
are usually associated with a local geological fault or fracture. Spring complexes consist of
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an assemblage of spring groups that are in close proximity, of a similar type (i.e. similar water
chemistry), and generally within the same hydrological catchment (Kinhill Stearns 1984).

Spring complexes are grouped into supergroups based on location and spring morphology
similarities (Ponder 1986). There are eleven spring supergroups associated with the Great
Artesian Basin, three of which are located in South Australia—the Lake Frome, Lake Eyre and
Dalhousie supergroups (Ponder 1986). Owing to the location of the WMC borefields and the
potential for drawdown effects on some of the Lake Eyre supergroup springs, the springs within
this supergroup have been the subject of continued assessment and monitoring by WMC.
Figure 7.15 shows the WMC borefields and mound spring groups that are monitored by WMC.

To assist with research, assessment, monitoring and management, the mound springs within
the region have each been allocated a unique alphanumeric code. This numbering system
was devised by WMC to identify the spring complex, spring group and individual spring. In
the WMC system, the first letter indicates the spring complex, the second and third letters
indicate the spring group and the following three numbers indicate the individual spring
within that spring group (Kinhill Stearns 1984). For example, the spring identifier HHS125
refers to spring 125 in the Hermit Springs spring group (HS) in the Hermit Hill spring
complex (H). Other agencies, such as Mines and Energy South Australia and the Australian
Museum, use their own spring identification system.

7.4.3 Review of past impact predictions

Table 7.13 outlines the previously predicted impacts of the WMC operations on the mound
springs biological environment as described in Kinhill — Stearns Roger (1982), Kinhill Stearns
(1984) and Kinhill Engineers (1995). The predicted impacts on mound spring water
discharge have been presented in Section 4.5.

The changes to the biological environment of mound springs that have occurred since these
impact predictions were made are discussed in detail in the mound springs flora and fauna
sections (Sections 7.4.4 and 7.4.9).
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Table 7.13 Summary of predicted impacts on mound springs biological environment

Impact

Introduction of stock—changes in the aguatic plant community resulting in masses of filamentous
algae, due possibly to organic pollution, could be expected to cause oxygen depletion under certain
conditions.

Stock removal—fencing of springs to prevent stock access would decrease organic pollution and allow
the re-establishment of a natural, balanced macrophyte community.

Major flow reduction for some mound springs including Beatrice, Bopeechee and Priscilla.

Bore-capping may increase flow rates, thereby providing the potential for recolonisation by fish and
microcrustacea. Alternatively, a dramatic increase in flow rate might be detrimental, reducing the
retention time of pools to a point where the turnover time of planktonic organisms might be
insufficient to maintain the population.

Significant discharge reductions would be confined to degraded springs with little conservation
significance (e.g. Beatrice, Venable, Priscilla).

Moderate to minor flow reductions to springs with some conservation significance (e.g. West Finniss
and Bopeechee) would only occur if there were a semi-permeable ridge between the north-eastern
and south-western borefield groundwater sub-basins.

Moderate to minor flow reductions to other springs in the north-eastern sub-basin with no particular
conservation significance (e.g. Northwest, Fred, Dead Boy, Sulphuric) would depend on the existence
of a semi-permeable ridge between the north-eastern and south-western groundwater sub-basins.
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Table 7.13 Summary of predicted impacts on mound springs biological environment (continued)

Source
document

Kinhill Stearns,

1984 (drawdown
impacts) (continued)

Impact

Discharge reduction of approximately 10% is likely to:

« dry out many of the damp (non-flowing) mounds and seepages that support vegelation and aquatic
fauna so that available habitat is lost;

» increase prazing (stock and feral animals) pressure on larger springs as smaller springs dry out.
Discharge reduction of approximately 20-50% is predicted to have the following effects:

o many small springs would cease to flow;

o larger springs would be isolated owing to reduction in the number of smaller springs;

« recolonisation capability would be reduced owing to isolation of larger springs and the reduced
number of springs.

Discharge reduction of greater than 60% and less than 100% is predicted to have the following effects
(e.g. Beatrice, Venable, Priscilla):

« only the very largest springs would contain aquatic fauna;

» there would be significant loss of wetland flora, as the area of wetland flora that can be supported
is directly related to spring flow.

100% discharge reduction is predicted to cause the total loss of aquatic fauna and wetland vegetation.

Kinhill Engineers, Additional flow (10%) loss for Bopeechee is predicted if Borefields A and B are used under some

1995

pumping scenarios. No additional impacts on mound spring flows. Reinjection—the Borefield A
reinjection programme, which includes the partial restoration of water pressure to Bopeechee spring
group, is expected to reverse the impacts of reduced discharge and impaired ecological conditions at

this spring group.

7.4.4 Mound springs vegetation—vascular

This section describes and discusses the vascular flora associated with the mound springs in
the region of the WMC borefields.

The mound springs vegetation contains biogeographically important relict species, as well as
the endangered endemic species salt pipewort (Eriocaulon carsonii), and provides a range of
essential habitats for some endemic invertebrate animal species, as described in Section 7.4.9
(Fatchen and Fatchen 1993; Symon 1985). The preservation of these floristically significant
communities is of particular scientific and conservation importance.

Yearly monitoring of the mound springs flora has been undertaken since 1983. Individual
springs (419 in 1995) in twenty-seven spring groups in the Lake Eyre supergroup are sampled
(WMC—Olympic Dam Corporation 1996a). Table K.1 in Appendix K provides a list of the
mound springs assessed during this monitoring programme. Important findings of the
vegetation monitoring programme were previously reported in WMC EMMP annual reports
and summarised in WMC—Olympic Dam Corporation (1996b), which is based on Fatchen
and Fatchen (1993).

These findings include the following:

= Species richness and diversity are largely independent of the total area of the spring, and
are directly related to the number of springs in a group.

» The springs are highly dynamic physical and biological systems.
In addition, the monitoring programme has provided a series of important observations that

support the need for regular monitoring and have assisted in the understanding of the
dynamic nature of mound springs.
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The observations include the following:

Significant changes in the springs” vegetation have resulted from the removal of domestic
stock from Finniss Springs Station after 1984. This removal resulted in increases in the size
of vegetated wetlands; changes in plant dominance; increased plant biomass, which in turn
contributed to increased water use through transpiration, some capping of vents by plant
growth, and a reduction in the amount of free water at the surface; and changes in species
diversity. It also indirectly contributed to reductions in the populations of salt pipewort, it
being out-competed by species previously held at low levels by grazing. No equivalent
changes occurred at springs in which vegetation continued to be grazed by stock.

Early drawdown effects were immediately obvious in the vegetation at Priscilla mound
spring and Venable bore (both now extinct).

Until 1993, no major changes to vegetation caused by drawdown were obvious in groups
other than Priscilla mound spring and Venable bore; however, slight reductions in the area
of living wetland vegetation at Bopeechee were noted in 1993. These reductions
correlated with reduced bore and spring flows, and almost certainly pointed to drawdown
effects from Borefield A.

The 1995 monitoring data from Bopeechee, following adjustments for the water
extraction regime, were equivocal; that is, some aspects monitored showed little change,
while others suggested that probable drawdown effects were continuing. Spring flow data
showed some recovery from the reduced flow rates measured in early 1994,

The predicted decline of springs in the Beatrice group has taken longer than expected to
affect the vegetation in a clearly discernible way. Mound springs in this group have
displayed distinct signs of waning, although observed reductions in the area of vegetated
wetland at Beatrice bore are not directly related to reduced spring or bore flows but to the
redirection of water flow by vegetation.

Mean species richness remained significantly higher than in the 1983 baseline in
unstocked spring groups at Hermit Springs, Bopeechee, Beatrice, Dead Boy and
Sulphuric, but not in Old Finniss, Old Woman or West Finniss. The increase at Beatrice
is attributed to the invasion of dryland plant species on mounds. The species richness
decline at West Finniss was caused by the domination of mound springs by common reed
and bare twigrush following the cessation of grazing in 1984. There was no difference in
mean species richness in the spring groups of the Lake Eyre supergroup still available to
domestic grazing.

The very large Hermit Springs and the smaller, but more compact, West Finniss spring
groups continued to be significantly more floristically diverse than any of the other spring
groups. The greatest species diversity was recorded at Hermit Springs and West Finniss
spring groups during 1986-87, as a consequence of destocking Finniss Springs Station in
1984. Peak diversity was reached during the transition from bore-drain sedge dominance
to common reed dominance. This was followed by a decline in diversity until 1992, as
the abundance of bore-drain sedge reduced and common reed became dominant in most
springs. The appearance of the flood-introduced, non-wetland, tall shrub species native
myrtle (Myoporum montanum) and native willow (Acacia salicina) in 1992 again
increased species diversity.

The endangered salt pipewort present in Hermit Springs was disadvantaged by the
removal of stock. In the 1983 baseline survey, this species was found as a co-dominant
with bore-drain sedge in several springs, growing in the central vent out of reach of stock.
Stock grazing was suppressing growth of the common reed; however, after removal of
stock, common reed established on most vents. Salt pipewort populations decreased by
at least 50% and numerous local extinctions were recorded. This decline now appears
to have halted.



» Significant recolonisation of salt pipewort was recorded at Hermit Springs spring group
(HHS172-173) following a fire in the summer of 1993-94. The first appearance of salt
pipewort at Gosse spring group was recorded in 1995, with its dispersal to this spring
group being attributed to water birds.

« Vegetated wetland areas in springs where grazing was discontinued peaked over the
period 1987-90, depending on the group. In most cases there has been some decline
since, but vegetated wetland areas generally remain larger than in 1983, despite the far
greater water demand brought about by the major increase in plant biomass following the
removal of domestic stock.

« Water flow rates at Bopeechee appear to have stabilised since 1995 through the Borefield A
reinjection programme (Section 4.2), and the reduction in vegetated wetland area has
halted although not reversed. The reversal process may take a number of years of
reinjection and the enforced exclusion of large pest herbivores and stock.

A synthesis of all mound spring vegetation monitoring databases from June 1983 to June
1992 was undertaken by Fatchen and Fatchen (1993). A summary of the important features
of this synthesis is as follows:

* Spring-specific flora is depauperate (eight to ten dominant wetland species) compared
with surrounding vegetation communities.

» The most diverse flora is present in the largest spring groups within the Hermit Hill spring
complex.

» Salt pipewort, an endangered species listed under the Endangered Species Protection Act
1992 (Cwlth), is present within the Hermit Hill spring complex, as are species of
biogeographic significance, namely cutting grass (Gahnia trifida), bare twigrush (Baumea
juncea), and sea rush (Juncus kraussii).

e The Hermit Hill spring complex occurrence of salt pipewort represents the major portion
of the total population of this species in South Australia and Australia.

¢ There is little similarity between the floristic composition of mound springs and bore drains;
hence, to conserve mound springs vegetation it is necessary to conserve mound springs.

Prior to Fatchen and Fatchen (1993), Symon (1985) reported on many of these issues,
including the number of plant species confined to the springs, the paucity of these species at
bores, and the effects of land management on the mound springs vegetation.

The dominant species associated with mound springs are those aquatic species that have a
frequency of occurrence above 10%, these being bare twigrush, bore-drain sedge (Cvperus
laevigatus), salt pipewort, common fringe-rush (Fimbristylis dichotoma), cutting grass, sea
rush, common reed (Phragmites australis), salt couch (Sporobolus virginicus) and cumbungi
(Typha domingensis) (Fatchen and Fatchen 1993; D. Niejalke, WMC, pers. comm.,
November 1996). Several ‘species pairs’ have also been recorded under these species
names. Species pairs are closely related species of the same genus that are so similar to each
other that they cannot be consistently differentiated in the field. The dryland species
Myoporum montanum and Calocephalus sp. aff. platycephalus, which are present on the
edge of mound springs, have a frequency of occurrence of 4% or more. All other aquatic
and semi-aquatic species occur only at very low frequencies; that is, less than 2%.

A list of all species recorded at the monitored springs is provided in Table K.2 in Appendix K.

The data in Table K.4 in Appendix K show that Hermit Hill spring complex, and Hermit and
West Finniss spring groups in particular, has the most diverse flora (Fatchen and Fatchen
1993). Bore-drain sedge is the most frequently occurring species throughout the spring
complexes and spring groups. The occurrence of this species is closely matched by common
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New species—Calocephalus sp. aff. platycephalus

Calocephalus sp. aff. platycephalus is a small (8-50 c¢m tall) perennial herb and is probably
a new, undescribed species of daisy, first thought to be a distinct species by WMC botanist,
Frank Badman. Specimens of Calocephalus sp. aff. platycephalus have been collected
immediately adjacent to South Australian mound springs in the Lake Eyre and Lake Frome
supergroups only. This species is currently being described (P. Short, Northern Territory
Herbarium, pers. comm., December 1996).

7.4.6 Mound springs vegetation—non-vascular

Data concerning non-vascular vegetation in mound springs was reported for Wangianna,
Welcome, Hergott and Wirringina spring groups in Kinhill Engineers (1995). That assessment
recorded thirty-five photosynthetic algae taxa and two non-photosynthetic protozoan taxa
(Table K.3 in Appendix K),

A species of particular interest was a mat alga, Compsopogon (probably C. coeruleus),
recorded in one spring in the Wangianna spring group (WWS002). This species had
previously been recorded in collections from the south-east regions of Australia and eastern
Queensland (Burns 1994). In addition, Skinner (1989) reported on the commaonly occurring
filamentous algae collected from Dalhousie, Blanche Cup and Welcome springs. The
greatest diversity of algae was recorded at Dalhousie springs, with eleven species, while five
species were recorded at Blanche Cup and one at Welcome. Blue-green algae are very
abundant and conspicuous in mound springs water. Some mound springs host species that
accumulate calcium carbonate and play an important role in mound formation.

7.4.7 Review of past impact predictions—vegetation

Predictions of the impact of the Olympic Dam Project on the vegetation of the mound springs
were presented in Kinhill = Stearns Roger (1982), Kinhill Stearns (1984) and Kinhill Enginers
(1995). The impacts presented in those documents were considered to be potential effects
of the predicted reduction in mound spring water discharge.

It was predicted that the expected flow reductions in mound spring water discharge would
result in a reduction of the vegetated wetland area that could be sustained around some
mound springs (Kinhill - Stearns Roger 1982). In addition, extinction of a spring within a
spring group following a decrease in water discharge would reduce the opportunities for rare
species to colonise. As an example, salt pipewort would have reduced opportunities for
further colonisation within the limited number of mound spring groups in which it was
present (Kinhill Stearns 1984).

Kinhill Engineers (1995) predicted that development of Borefield B would reduce the need
for water from Borefield A. This would reduce the effects of drawdown on mound springs.
In addition, the Borefield A reinjection programme would reverse some of the drawdown
effects on the mound springs in the Bopeechee spring group.

The following results and conclusions were reported in the 1995 spring vegetation
monitoring programme (WMC—Olympic Dam Corporation 1996b):

» Two springs within Gosse spring group show increases in flow assumed to be related to
the plugging of a nearby free-flowing bore.

« Changes in spring vegetation caused by reduced spring flows resulting from artesian water
extraction are minor in comparison with those caused by other factors, especially damage
by stock and pest animals.

* The impact of drawdown has been generally as predicted in 1982 and as further revised
in 1984 and 1995.



» The establishment of Borefield B during 1996 is expected to at least halt the drawdown
trends and probably to reverse them.

e Fire would appear to be a successful tool for managing plant species of special
conservation significance. Fire tends to suppress the growth of common reed long
enough for opportunistic species, such as bore-drain sedge, to increase in cover at the
burnt mound spring and become temporarily dominant.

* Mound springs vegetation area and composition have limited use as indicators of
drawdown influences over short time frames, and can provide potentially misleading
information if used independently of other factors to detect aquifer drawdown impacts.
Drawdown impacts are difficult to determine using vegetation areas owing to the time lag
between reduced water flow rates and declines in vegetated area.

Fatchen and Fatchen (1993) report that while there is a relationship between spring flow and
vegetated area, this factor alone is a poor indicator of drawdown influences. Other
influences, including local or regional drought, increased evaporation or evapotranspiration
rates, and stock damage can mask the long-term changes associated with drawdown and
prevent the predictive use of the data. Records of spring extinctions in the past have shown
that an extinction can occur without early warning; that is, without a significant reduction in
the vegetated area or flow rate prior to extinction.

7.4.8 Vertebrate fauna

A range of vertebrate fauna species have been recorded in the vicinity of mound springs. No
terrestrial species is dependent on the mound springs or considered to be threatened by
extraction of water by WMC from the Great Artesian Basin; however, some fish species are
dependent on water from mound springs. Consequently, information related to vertebrate
fauna other than fish has been provided in Appendix K.

Fish

Nine fish species have been recorded in mound springs of South Australia (Table 7.15), the
most common of these being desert goby (Chlamydogobius eremius) and Lake Eyre hardyhead
(Craterocephalus eyresii). The International Union for Conservation of Nature and Natural
Resources (1996) lists two of these species, Dalhousie goby (Chlamydogobius gloveri) and
Dalhousie hardyhead (Craterocephalus dalhousiensis), as threatened. The presence of fish
species in mound springs (and other areas of permanent water) within this region is significant
from a scientific and evolutionary perspective (Boyd 1990; Habermehl 1982; Larson 1995).

Table 7.15 Fish species associated with mound springs

Common name Species name Status

Dalhousie catfish Neosilurus sp. nov. 1 Restricted to Dalhousie Springs; common and abundant
Mosquito fish' Gambusia holbrooki Abundant

Fly-specked hardyhead Craterocephalus gloveri Common at Dalhousie Springs

Lake Eyre hardyhead C. eyresii Common and abundant

Dalhousie hardyhead C. dalhousiensis Restricted to Dalhousie Springs; common and abundant
Spangled perch Leiopotherapon unicolor Extremely common, frequently abundant

Purple-spotted gudgeon Mogurnda sp. Restricted to Dalhousie Springs; common

Desert goby Chlamydogobius eremius Common and abundant

Dalhousie goby C. gloveri Restricted to Dalhousie Springs; common

1 Introduced species.
Source: Adapted from Glover 1990; Mitchell 1985,
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Of the 634 mound springs of the Lake Eyre and Lake Frome supergroups surveyed by WMC
in 1995 and 1996, twenty spring groups provided habitat for indigenous and locally endemic
fish species (Table 7.16). Recent genetic and morphological analysis of populations of desert
goby indicate that there are five species Australia-wide. Of these five species, two are present
in isolated locations in central Queensland, and one in the Northern Territory, one is restricted
to the mound springs of the Dalhousie supergroup, and another is restricted to the mound
springs of the Lake Eyre supergroup (Larsen 1995; M. Adams, South Australian Museum, pers.
comm., December 1996).

Table 7.16 Distribution of fish species in the Lake Eyre supergroup mound springs

oo g Dby i PGueted Megio
Beresford Hill Beresford Hill X - - -
Coward Blanche Cup X - - -
Jersey X - == .
Little Bubbler X - = =
Francis Swamp Francis Swamp X X - -
Hermit Hill Dead Boy X X - -
Mount Denison Unnamed group X - - X
Mount Dutton Big Cadna-owie X - - -
Ockenden Proper X - - -
Neales River Hawker X X - -
The Fountain X = = =
Neales River Outside X - - X
Peake Creek Birribiana - - X -
Cootanoorinna X - - -
Cardajalburrana X - - -
Nilpinna X - X -
Old Nilpinna X X - -
Warrangarrana X - v -
Weedina North - - X -
Wangianna Welcome X - B -

1 Introduced species.
- Not recorded.
Source: D. Niejalke, WMC, pers. comm., November 1996.

The differences in the genetic composition of the desert goby populations identified by
Adams (M. Adams, South Australian Museum, pers. comm., December 1996), although
minor, indicate that either gene flow currently occurs sporadically or that, in evolutionary
time, the populations have only recently become isolated. These isolated populations of
desert goby are considered endangered due to increased pastoral activities and a reduction
in the aquifer water table (Larson 1995).

The introduced mosquito fish (Gambusia holbrooki) has been recorded in two spring groups
within the Lake Eyre supergroup, both of which also have indigenous and locally endemic
fish species. Mosquito fish, a pest species in Australian freshwater systems, has caused
adverse impacts on native freshwater fishes, frogs and possibly invertebrate species through
competition for resources and ecological niches (McLennan 1996).

Additional data on the distribution of fish in the mound springs were sought from the South
Australian Research and Development Institute during the preparation of this EIS, but were
not available.



Analysis of the WMC mound spring data records indicates that the presence of fish at springs
is dependent on the presence of flowing water and, in particular, springs with large areas of
flowing water (pools) plus a tail and a visible or strong flow.

7.4.9 Invertebrate fauna

Mound springs in arid South Australia are an important habitat for aquatic and wetland
invertebrates, particularly endemic species, with only creekbeds (with deep-rooted trees)
supporting an overall richer species diversity in the arid zone (Greenslade 1985).

The mound springs provide a suitable, and in many cases essential, habitat for the larval
stages of some insect species, including many species of flies (Davies 1988). Many insect
species rely on the presence of water throughout their life span, living either on the surface
of the water or within it. The mound springs provide a habitat that is distinct from that
available at nearby bores, creek beds and the surrounding arid environment; that is, mound
springs provide a permanent habitat unlike that provided by arid zone creeks and bores, and
mound springs fauna is not representative of that which occurs elsewhere in arid Australia
(Greenslade 1985).

Greenslade (1985) identified and recorded over ninety species of insects associated with
South Australian mound springs and their surrounding dryland habitats.

The South Australian mound springs provide habitats for a range of invertebrates of biological
and conservation significance, including endemic species and many species currently not
known. Hence, further fauna surveys are essential to the understanding of the ecology of
mound springs.

Spiders

In addition to fifteen species of spiders recorded by Greenslade (1985), WMC environmental
staff have recorded thirty-eight species of spider associated with the wetlands of mound
springs (Table K.9 in Appendix K). Many of these species are likely to be undescribed
species, and some are considered to be of ecological significance (D. Hirst, South Australian
Museum, pers. comm., November 1996), including:

s Dolomedes facetus—not previously recorded in South Australia, although common in
Queensland and New South Wales;

* Alistra sp.—relatives normally found in high rainfall areas and may be a relict species;

e Lycosa spp. (three species) and Trochosa spp. (four species)—some species appear to be
confined to the mound springs and may possibly be confined to particular spring
complexes;

* Dunedinia sp. and Laetesia sp.—probably confined to the mound springs and may be
relict species.

Not enough is known about the spiders recorded at mound springs to draw conclusions
about species generally, and endemic species in particular. Hence, further research would
be necessary to confirm the distribution of species.

The presence of wetland spiders and other invertebrate fauna specific to the mound springs
is important in understanding the significance of habitats provided by mound springs in the
arid zone of Australia. WMC environmental staff are continuing to survey the mound springs
wetlands for spiders with the aim of adding to their existing reference collection and
establishing a database of wetland species. The database will assist in the assessment of
biological, conservation and management significance and the conservation of mound
springs invertebrate fauna. Additional undescribed species are expected to be recorded as
part of this continuing survey work.
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Most hydrobiids, including most of the species found in the mound springs, are fully aquatic.
However, Fonscochlea zeidleri is unusual for the family (even when all species are
considered world-wide) in being amphibious. This species lives along the edge of the water
on damp substrate, sometimes partially buried in damp soil. All other species need to be
submerged to survive, even if only covered by a thin film of water. If stranded, these species
quickly dehydrate and die (Ponder et al. 1989). Up to five species can be found in any one
spring. However, in most of the small springs in the Hermit Hill complex, only Trochidrobia
punicea and Fonscochlea accepta are found.

All the species found in the Lake Eyre supergroup are listed by the IUCN as threatened or
near threatened (International Union for Conservation of Nature and Natural Resources
1996), and their conservation has been discussed by Ponder (1995).

The distribution of all species is provided in Table K.4 in Appendix K.

In the past, the identification and description of hydrobiid species was based on
morphological differences. More recent studies by Ponder et al. (1995, 1996) have used
electrophoretic data to assist with the identification and description of species.

As a result of these recent assessments, the genetic diversity of hydrobiids in different spring
groups has been recognised as being generally associated with the distance and isolation of
spring groups from each other. In their recent study of the Lake Eyre supergroup hydrobiids,
Ponder et al. (1995) showed that there were several morphologically uniform populations
that contained considerable genetic variation and divergence because of their poor dispersal
capabilities (also Colgan and Ponder 1994; Ponder 1994). These findings compare
favourably with previous evidence that hydrobiids speciate readily when confined to isolated
populations (cited in Ponder et al. 1995).

Ponder et al. (1995) also recorded that hydrobiids in smaller mound springs in the same
spring group have greater genetic differentiation than those in larger mound springs within
the same spring group. They suggest that larger springs may have greater colonisation
mechanisms than those in smaller springs, therefore providing a greater gene pool, and that
smaller springs may be the senescent stage of once large springs that now, because of
reduced size, have a much-reduced gene pool.

Although their study surveyed ninety-six populations in thirty-two springs representing
eighteen spring groups, only six populations were examined from the Hermit Hill spring
complex. However, these were sufficient to show that there is considerable genetic
divergence between some of the populations within the complex.

The survival of non-marine molluscs is threatened in many parts of the world owing to their
restricted habitat and the threat of disturbance and destruction to these habitats (Ponder
1994). Arid zone hydrobiids inhabit very discontinuous habitats and, owing to their limited
dispersal abilities, can be restricted to only one spring or a few adjacent springs. Therefore,
habitat destruction could lead to rapid extinction.

To summarise, the recent assessments and analysis conducted by Ponder et al. (1995; 1996)
support the findings of previous reports (Ponder 1986; Ponder et al. 1989) by confirming that
hydrobiids are an ecologically significant and diverse invertebrate group that are potentially
under threat from some artesian water and pastoral management strategies.

Ostracods

Ostracods (Cyprididae) have been recorded in seventy-four spring groups within the Lake
Eyre supergroup, and have also been recorded in one spring group within the Lake Frome
supergroup. N. dirga is a small (1.5 mm long), green-grey bivalve crustacean that can occur
in mound springs in very high numbers, and was first identified in springs and spring seeps



in the Strangways—-Curdimurka area, south-west of Lake Eyre (De Deckker 1979). Two other
species of ostracods were identified in temporary pools and mound springs in the same area;
however, N. dirga is the most commonly and widely distributed species (De Deckker 1979;
Mitchell 1985).

Preliminary genetic analysis by M. Adams (South Australian Museum, pers. comm.,
December 1996) reports genetic differences between ostracod populations in some adjacent
springs and that moderate to high levels of genetic diversity are present in populations.
Additional work is required to determine the number of species.

Ostrocods are generally recorded in springs with a continuous flow of water that flows into
a well-formed tail and a dense cover of vegetation. Ostracods are most commonly present
in springs with little or no stock or pest animal damage; however, they are occasionally
recorded in extensively damaged springs.

Amphipods

A species of amphipod that has not been formally described and is referred to as
Austrochiltonia sp. (Hyalellidae) has been recorded in forty-one spring groups within the
Lake Eyre supergroup and similar species are also known from the Dalhousie and Barcaldine
(Edgbaston Springs in Queensland) supergroups.

An additional species (Phreatochiltonia anophthalma) has also been recorded at springs
within the region of Dalhousie Springs in South Australia, and in interstitial waters in the
Flinders Ranges (W. Williams, University of Adelaide, pers. comm., April 1997).

Amphipods are common throughout southern Australia, but are confined to mound springs
in arid Australia, with their northern limit being in the region of Dalhousie Springs in South
Australia (Zeidler 1989). Genetic analysis of several amphipod populations has identified at
least three separate species of amphipod, although additional species are expected to be
identified following further surveys and analysis (M. Adams, South Australian Museum, pers.
comm., December 1996). Amphipods are generally found in springs with continuously
flowing water and a well-formed tail. Unpublished data indicate that the presence of stock
and pest animal damage does not generally limit their presence.

Isopods

The aquatic isopod Phreatomerus latipes (Amphisopidae) is a common invertebrate recorded
at forty-six spring groups within the Lake Eyre supergroup. This species belongs to a very
ancient group of crustaceans that have fossilised remains dating back 120 million years
(Wells et al. 1984), The aquatic isopods of the Lake Eyre supergroup are scientifically
significant owing to their isolation from southern Australian species.

This species is generally found in springs that have a continual flow of water into a well-
formed tail and a dense cover of sedge vegetation. Adult isopods appear to prefer the shallow
and slow flowing water towards the end and margins of the spring tail, whereas juveniles
appear to prefer the faster flowing water nearer the spring vent (Kinhill Stearns 1984).

M. Adams (South Australian Museum, pers. comm., December 1996) indicates that
electrophoretic analyses show that populations of this species are relatively homogeneous,
but there are sufficient differences between some populations to warrant a more detailed
genetic study.

Unpublished data indicate that stock and pest animal damage to springs appears to have an
adverse affect on the presence of isopods, although they have been recorded in extensively
damaged springs.
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7.4.11 Review of past impact predictions—mound springs invertebrate
fauna

The impact of project-related extraction of Great Artesian Basin water on the invertebrate
fauna of the mound springs was predicted in Kinhill Stearns (1984) and updated in Kinhill
Engineers (1995). The major potential impact identified in these references was the possible
reduction in mound spring water discharge rates due to aquifer drawdown, leading to a
reduction in the available habitat.

Monitoring of the mound springs fauna has been undertaken since 1986 and monitoring data
have been reported annually in the WMC EMMP Annual Reports. Eighteen individual
springs in ten spring groups in the Lake Eyre supergroup are currently monitored.

Several spring groups included in the mound spring invertebrate fauna monitoring
programme (MSFMP) were predicted to experience impacts associated with increased
drawdown and decreased discharge rates owing to operation of Borefield A (Kinhill Stearns
1984), whereas others were predicted to experience no impacts. Kinhill Engineers (1995)
discusses the actual impacts of the project and provides further predictions in relation to the
operation of Borefields A and B.

The MSFMP data reviewed and analysed by Walker (1996) identified an overall downward
trend in the population abundance of all four endemic invertebrate fauna groups since
the inception of the programme in 1986, including springs with little or no change in
water flow. Quantification of this overall decline was not possible owing to the erratic
nature of the data, and direct association between this decline and drawdown influences
could not be identified. Potential causes could include variations in habitat and spring
water flow owing to drought, floods, season, vegetation changes and damage by cattle
or pest animals,

Table 7.18 provides a comparison of predicted and actual impacts on the spring groups in
the MSFMP and incorporates results of the MSFMP population abundance data analysis.

After data review and analysis of MSFMP data during the preparation of Kinhill Engineers
(1995) and this EIS (Walker 1996), the following observations were made:

= Results were erratic, particularly due to seasonal changes.

 Significant disturbances occurred in the population density of mound springs fauna
during 1991-92 and 1994,

+ Trends in mound springs fauna population abundance are generally downward and
apparently independent of flow.

Downward trends in the population density of mound springs in the MSFMP were also
identified in Kinhill Engineers (1994a), particularly in springs HBO004 (Bopeechee group),
HHS029 and HHS125, formerly recorded as HHS130A (Hermit group), HOF004 and
HOF033 (Old Finniss group), and HOW009 (Old Woman group).

Springs and the endemic mound springs fauna that inhabit them are thought to respond to a
range of environmental stimuli and conditions, such as vent plugging by vegetation, seasonal
change, drought, flood, stock and pest animal damage, and drawdown. Hence, the
downward trends identified by Walker (1996) and Kinhill Engineers (1994a) cannot be
attributed to one particular factor.

It is apparent, however, that flow reductions at spring groups predicted to have significant
impacts (Venable and Priscilla), and also at Bopeechee spring group, have caused a reduction
in the available preferred habitat for endemic fauna and subsequent declines in the
population density of these fauna.



Table 7.18 Predicted and actual impacts on MSFMP spring groups (Lake Eyre supergroup) and observed
impacts on endemic mound springs fauna

Spring
complex

Hermit Hill

Lake Eyre

Hermit Hill

Lake Eyre

Hermit Hill

Spring group

Venable (bore)

Priscilla

Bopeechee

Dead Boy

Sulphuric

West Finniss

Gosse

Hermit Springs

D A M

Flow change

Predicted’

Total (100%) flow
reduction.

Significant (60-75%])
flow reduction.

Moderate (20-30%)
flow reduction.

Minor (10-17%) flow
reduction.

Minor (8-15%) flow
reduction.

Minor (10-13%) flow
reduction.

Very minor (<5%) flow
reduction.

Very minor (<5%) flow
reduction.

A N S I O N

Actual

Total (100%) flow
reduction at HVS001
(extinct May 1990)2.

Total (100%) flow
reduction at LPS001
(extinct late 1990)%.

Significant (43%) flow
reduction at HBOO042;
significant downward
trend in flow at HBOO11;
significant (approximately
80%) flow reduction at
nearby Bopeechee Bore®.,

No observable trend in
flow at HDBOO5.

Insufficient data to
recognise trends for
HSS000; no observable
trend in flow at HSS011;
negligible downward
trend in flow at HSS012.

Data not available for
springs HWF026 and
HWF029; insufficient
data to recognise trends
for HWF003 and
HWF048; moderate
(approximately 20%)
reduction in artesian
pressure at nearby

HH2 bore.

Data not available for
spring LGS004; no
observable trend in flow
at LGS002; insufficient
data to recognise trends
for Gosse Bore’.

Slight upward trend in
flow at HHS028;
insufficient data to
recognise trends for
HHS035, HHS101 and
HHS125; slight
downward trend in flow
at HHS137; moderate
(36%) flow reduction at
HHS170%; negligible
change in Great
Artesian Basin water-
level at nearby HH4
hore’.

P R O ) E C T

Observed change

in endemic fauna

Total loss of all endemic
fauna by 1991.

Total loss of all endemic
fauna by 1988,

Spring HBO004—
decline in all endemic
fauna.

Spring HDBOO5—
decline in all endemic
fauna.

Springs HSS000 and
HSS012— decline in all
endemic fauna.

Spring HWF026—
decline in all endemic
fauna.

Spring HWF029—
decline in all endemic
fauna.

Spring LGS004— only
ostracods present,
insufficient data to
analyse trends.

Spring HHS029—decline
in all endemic fauna.
Spring HHS035—increase
in hydrobiids, no
observable trends with
other endemic fauna.
Spring HHS101—total
decline in all endemic
fauna due to the
cessation of water flow
by 1995.

Spring HHS125—decline
in all endemic fauna.
Spring HH5137—
insufficient data to
analyse.
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Table 7.18 Predicted and actual impacts on MSFMP spring groups (Lake Eyre supergroup) and observed
impacts on endemic mound springs fauna (continued)

Spring Spring group
complex
Old Woman
Old Finniss
Wangianna Davenport

1 Adapted from Kinhill Stearns 1984.

Flow change

Predicted’

Very minor (<3%) flow
reduction.

Very minor (<2%) flow
reduction.

Very minor (<1%) flow
reduction.

2 Denotes information obtained from Kinhill Engineers 1995.

3 Denotes information obtained from AGC Woodward — Clyde 1996.

Actual

No observable trend in
flows at HOWO009 and
HOWO015; insufficient
data to recognise trends
for HOW025; negligible
change in Great Artesian
Basin water-level at
nearby HH3 bore.

Insufficient data to
recognise trends for
HOF004 and HOFO33;
moderate downward
trend in flow at HOF081;
marginal increase at
HOF0967; negligible
change in Great Artesian
Basin water-level at
nearby HH1 bore?,

Virtually zero reduction
at WDS0012,

Observed change
in endemic fauna

Spring HOW009—
decline in all endemic
fauna.

Spring HOWO015—
decline in all endemic
fauna.

Spring HOF004—
decline in all endemic
fauna.

Spring HOF092—
decline in all endemic

fauna.

Spring WDS001—
decline in all endemic
fauna.

7.4.12 Mound springs monitoring

As the mound springs may be impacted by water extraction, the Indenture requires WMC to
maintain a monitoring system approved by the State Government, and to provide results of the
monitoring programme in the annual report of its EMMP. Comprehensive monitoring
programmes to monitor and detect any project-induced changes in mound springs vegetation,
aquatic fauna, flow rates and water chemistry have been developed and implemented by
WMC and its consultants.

WMC'’s monitoring programme is detailed in the EMMP 1996 (WMC—Olympic Dam
Corporation 1996a). The EMMP is reviewed every three years by WMC and the State
Government, which recommends improvements where necessary.

7.4.13 Expansion Project impacts—predictions and mitigation

This section discusses the predicted impacts on mound springs vegetation and fauna as a
result of the Expansion Project and the associated additional water abstraction from the Great
Artesian Basin.

A summary of these impacts is provided in Table 7.19. In general, the predicted impacts are
positive; that is, either little reduction, or enhanced flow.



Table 7.19 Predicted impact of Expansion Project on mound springs

Hydrological
zone/spring
group

BOREFIELD A ZONE

Beatrice
Jacob?

Fred
Venable

Priscilla?

NORTH-EASTERN
SUB-BASIN

Bopeechee

Sulphuric
Dead Boy

West Finniss

WESTERN LAKE EYRE
SOUTH GROUP!

Centre Island
Emerald
Gosse

Long Island

McLachlan

Predicted %
change in flow
1996-2016"

100% increase in
flow expected.

Significant increase
in subsurface water-
level and pressure
expected.

n.d.

Up to 17% increase
in flow in 1997 and
1998 followed by
gradual decline,
resulting in overall
small increase of 2%.

Up to 13% increase
in flow in 1997 and
1998 followed by
gradual decline,
resulting in overall
decline of less

than 1%.

Up to 5% increase in
flow in 1997 and
1998 followed by a
gradual decline,
resulting in an overall
decline of 1%.

Up to 6% increase

in flow in 1998 and
1999 followed by a
gradual decline, but
resulting in an overall
small increase of up
10 0.5%.

As above to 1999,
thereafter overall
decline of 1.5%.

Large increase in
flow in 1998 and
1999 (up to 18%)
followed by gradual
decline, but resulting
in an overall increase
of 12.5%.

Predicted impacts to mound springs
vegetation

Moderate increase in wetland area;
possible colonisation of additional
wetland species as available habitat
increases and propagules are transported
by fauna (particularly birds.

Potential increase in surface flow leading
to potential increase in wetland area and
possible colonisation of additional
wetland species.

No change expected.

Minor increase in wetland area and
potential increase in species diversity and
richness as additional species re-establish
as a result of increases in flow in 1997
and 1998. Wetland area and species
diversity and richness may decline in the
long term from a peak in 1997-98 owing
to gradual decline in spring flow. Long-
term impacts expected to be insignificant.

Moderate increase in wetland area and
potential increase in species diversity and
richness as additional species re-establish
resulting from increases in flow in 1997
and 1998. Wetland area and species
diversity and richness may decline in the
long term from a peak in 1997-98 owing
to gradual decline in spring flow. Long-
term impacts expected to be insignificant.

Potential minor increase in wetland area.
Overall insignificant impacts to wetland
area and species diversity and richness.

Potential minor increase in wetland area,
Overall insignificant impacts to wetland
area and species diversity and richness.

Increase in wetland area and possible
re-establishment of additional wetland
species, therefore increasing species
diversity and richness. Minor changes
overall to wetland vegetation.

(&

Predicted impacts to mound
springs fauna

Predicted increase in flow rate and
associated greater wetland area, therefore
opportunities for invertebrates to increase
in numbers or be reintroduced.

Potential opportunities for reintroduction
of vertebrate and invertebrate fauna.

No change expected.

Predicted increase in flow rate and
associated greater wetland area, therefore
opportunities for invertebrates to increase
in numbers or be reintroduced. Long-
term impacts expected to be insignificant.

Potential opportunities for existing fauna
population numbers to increase and for
introduction of additional vertebrate and
invertebrate fauna in the short term.
Long-term impacts expected to be
insignificant.

Minor increase in the opportunity for

additional vertebrate and invertebrate
fauna to establish. Long-term impacts
expected to be insignificant.

Minor increase in the opportunity for

additional vertebrate and invertebrate
fauna to establish. Long-term impacts
expected to be insignificant.

Predicted increase in flow rate and
associated greater wetland area, therefore
opportunities for invertebrates to increase
in numbers or be reintroduced.
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Table 7.19 Predicted impact of Expansion Project on mound springs (continued)

Hydrological Predicted %
zone/spring change in flow
group 1996-2016'

SOUTHERN MARGIN
EASTERN ZONE

Davenport 3-4.5% decline.
Welcome

Wangianna 16.5% decline.
Hergott 6% decline,

SOUTHERN MARGIN
WESTERN ZONE

Smith Large increase in
flow from 1997 to
1999 followed by
overall decline of
1.75% in flow in
2016.

Hermit Hill Up to 1% decline.

Old Finniss 1% decline

Old Woman 0.5% decline.

Northwest n.d.

Pigeon Hill n.d.

CURDIMURKA-

STRANGWAYS ZONE

Horse? n.d,
Anna? n.d.
Blanche Cup? n.d.
Strangways? n.d.

Predicted impacts to mound springs
vegelation

Overall insignificant impacts to wetland
area and species diversity and richness.

Moderate to minor decline in wetland
area of larger spring; drying out and loss

of some wetland vegetation at small vents.

Potential minor decrease in wetland area.
Insignificant impacts. Colonisation
opportunities for additional species,
particularly rare and endangered species,
may be limited,

Some increase in wetland area and
potential increase in species diversity and
richness as additional species re-establish
as a result of flow increases in 1997 and
1998. Wetland area and species diversity
and richness may decline from a peak in
1997-98 in the long term owing to
gradual decline in spring flow. Long-term
impacts expected to be insignificant.
Insignificant impacts to wetland area, or
species diversity or richness.

Wetland vegetation associated with artesian
springs not present at this spring group.

No impacts expected owing to distance
of springs from borefields,

1 Values are approximate (WMC Resources 1997).
2 Spring groups outside the ODEXT domain (WMC Resources 1997).
3 Hydrobiids, amphipods and isopods are naturally absent from all springs in the Western Lake Eyre South Group.

n.d. No data available.

Mound springs vegetation

Predicted impacts to mound
springs fauna

Insignificant impacts to existing fauna
population numbers and colonisation
opportunities,

Potential decline in existing fauna
population numbers,

Minor to insignificant impacts on
population numbers of existing fauna and
colonisation/re-establishment
opportunities,

Potential opportunities for existing fauna
population numbers to increase and
introduction of vertebrate and
invertebrate fauna in the short term.
Long-terms impacts expected to be
insignificant.

Insignificant impacts on existing fauna
population numbers and colonisation
opportunities,

Insignificant impacts on existing non-
endemic fauna population numbers and
colonisation opportunities.

No impacts expected owing to distance
of springs from borefields.

The overall adverse impacts of the Expansion Project (and additional water abstraction) on the
mound springs vegetation are predicted to be nil or minimal, as predicted water abstraction has
been kept to a minimum and it is planned that the greater proportion of water is to be drawn
from Borefield B which is distant from the environmentally sensitive mound springs groups.

The greatest positive impacts are predicted to occur at those spring groups located in close
proximity to Borefield A. Reduced abstraction of water from this borefield is expected to
increase subsurface water pressure, thereby increasing the flow rate at those springs that have
been, or may have been, impacted by abstraction. In addition, spring groups that have
ceased flowing due to high levels of water abstraction from Borefield A may recommence
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flowing. These positive impacts are expected to increase the overall wetland area of some,
and possibly all, springs and increase the opportunity for the colonisation or re-establishment
of wetland vegetation species, including rare or significant species (such as bare twigrush and
cutting grass) and the endangered salt pipewort.

Minor to moderate negative impacts are predicted for spring groups that are located in close
proximity to Borefield B (southern margin eastern hydrological zone). The greatest impact is
predicted to occur at Wangianna spring group. Wangianna spring group comprises two to
three spring vents with very little wetland vegetation and several extinct mounds. The main
spring, Wangianna Spring, has been highly modified and a well has been dug into the main
spring vent. The wetland vegetation at this spring group lacks the endemic and relict plant
species of special conservation significance that are present at spring groups such as Hermit
Hill (Kinhill Engineers 1995). The wetland vegetation at the three other spring groups within
this hydrological zone (Welcome, Davenport and Hergott) is also considered of low
conservation value owing to low species diversity and the absence of species, or suites of
species, of conservation significance.

These predicted impacts are expected to be assessed as part of the ongoing mound springs
vegetation monitoring programme. Additional research on the ecology of salt pipewort,
which is being undertaken by WMC environmental personnel, is expected to assist with
understanding the reproductive and dispersal characteristics of this species. The scope for
further research on mound springs vegetation is outlined in Section 15.1 and includes
research on the potential use of remote sensing and GIS technology in assessing mound
springs vegetated wetland areas and conditions, predictive modelling of drawdown impacts,
and ongoing field monitoring,.

Mound springs fauna

The overall impacts on mound springs fauna are also expected to be minimal. The predicted
increase in flow rates and associated wetland area at spring groups in close proximity to
Borefield A is expected to increase the availability of preferred fauna habitats. This increase
in available habitat will provide the opportunity for existing fauna to increase in population
numbers and for additional species to colonise. In addition, the opportunity for dispersal of
vegetation and microfauna, particularly endemic invertebrates, within and between spring
groups (and subsequent genetic mixing) may increase if the presence of ‘carrier’ species (e.g.
birds) increases.

Table 7.20 provides details of the endemic invertebrate mound springs fauna recorded at
spring groups within the southern margin eastern hydrological zone.

Table 7.20 Endemic invertebrate fauna recorded at spring groups within the southern margin
eastern hydrological zone

Fauna group Wangianna Welcome Hergott Davenport
Hydrobiid

Fonscochlea Not present Common Not present Common
Trochidrobia Not present Common Not present Common
Ostracod Not common Common Not common Common
Amphipod Not present Common Not present Common
Isopod Not present Common Not present Common

The negative impacts predicted at springs within this hydrological zone, particularly
Wangianna and Hergott spring groups, are expected to have minimal impacts on endemic
mound springs fauna. Both these spring groups have been highly modified and have a very
low occurrence to absence of mound springs fauna, particularly endemic invertebrate fauna.



Davenport and Welcome spring groups, which are predicted to experience a reduced water
flow of 3% and 4.5% respectively, provide habitat for birds, spiders and endemic invertebrate
fauna; however, the small reduction in flow is expected to have minimal impact on these
fauna groups.

Monitoring of mound springs fauna has been ongoing since 1986. The monitoring
programme assesses the presence and abundance of endemic mound springs invertebrate
fauna and the species diversity of wetland invertebrate fauna. A full description of the
monitoring programme is provided in Kinhill Engineers (1994b and 1996). This monitoring
will continue and, where possible, be expanded to incorporate research on species confined
to the mound springs and the monitoring of additional species, including spiders. Further
details on future monitoring and research are provided in Section 15.1.









TAILINGS MANAGEMENT

CHAPTER

This chapter considers the management of tailings for the proposed future operations at Olympic Dam.
A brief description of the existing facilities is provided, including the chemical composition and observed
physical properties and behaviour of the tailings. Also described are the two options of tailings
management being considered—continuation of the existing paddock method or introduction of a new
option, central thickened discharge. The discussion of environmental management focuses on
hydrology, particularly the containment of tailings liquor. The chapter concludes with an overview of
proposals for the eventual decommissioning and rehabilitation of the tailings management system, which
are described in greater detail in Chapter 14.

8.1 OVERVIEW OF EXISTING FACILITIES

8.1.1 Description

The relationship of the principal components of the existing tailings management system at
Olympic Dam is shown in Figure 8.1 and described below.

Tailings from the uranium extraction process are produced at the process plant as underflow
from the countercurrent decantation (CCD) thickeners. Part of the thickener underflow can
be directed to the tailings deslimes plant, where the sand (coarse) fraction is extracted by
hydrocycloning for use in cemented aggregate fill (CAF) as underground mine fill.

TALINGS
B FROM
METALLURGICAL
Y \
|
(o) _THICKENEROVERFLOW | ooy 0L o)
THICKENERS PLANT
|
I
|
SaEY THICKENER
v UNDERFLOW
EXCESS TAILINGS i
ACDIC = Bt screl® DESLIMES
LIQUOR PLANT
CEMENTED
UNDERFLOW L - AGGREGATE e
FILL PLANT
A '
TAILINGS SURGE TANK -
LIOUOR
RETURNS
TAILINGS
SUPERNATANT LIOUOR , -
[ — ! FIGURE 8.1
g EXISTING TAILINGS
" EVAPORALQHGTII ON mlu"EsE MANAGEMENT SYSTEM [
PONDS FACILITY



The cyclone overflow (slimes) is thickened in the slimes thickener, and the thickened
underflow is combined with the remainder of the CCD underflow in the tailings surge tank.
From there the tailings are pumped to the tailings storage cells via two tailings distribution
pipelines, which are 300 mm diameter, high-density polyethylene (HDPE) lined steel
pipelines, laid above-ground on concrete supports. The pipeline route is bunded for its
entire length, with transverse bunds at regular intervals along the route to contain any
spillage of tailings.

Excess acidic liquor from the slimes thickener passes to the liquor evaporation ponds
together with other minor process waste streams. Supernatant liquor decanted from the
tailings storage cells also passes to the evaporation ponds. A portion of the liquor is pumped
from the evaporation ponds back to the tailings surge tank to reduce the build-up of salt in
the ponds.

The present tailings production rate varies depending on whether or not the sand plant is in
operation. The amount of tailings to be delivered to the tailings storage cells during 1996-97
is expected to be approximately 2.7 Mt.

The existing tailings retention system (TRS), shown in Figure 8.2 and described below,
consists of the following:

o a paddock method tailings storage facility (TSF), which comprises three cells of
approximately 190 ha total area, complete with tailings distribution pipelines and
supernatant decant facilities;

« two liquor evaporation ponds, each divided into four cells with a combined evaporative
area of 68 ha at a liquor depth of 1.5 m (50% of total depth) or 73 ha total area, which
are used to dispose of supernatant tailings liquor and excess acidic process liquor by
evaporation;

« an unlined mine water disposal pond, about 15 ha in area, used for disposal of excess
groundwater pumped from the mine, partly by evaporation and partly by infiltration.
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The operation of the TRS was changed in 1994 and 1995 to its present arrangement,
Previously the system comprised three tailings storage cells, a wash water evaporation pond
and the mine water disposal pond. The system was modified in 1994 and 1995 to allow for:

» removal of tailings liquor from the top of the cells;

» evaporation of liquor and wash water in two separate, clay and HDPE-lined evaporation
ponds. The wash water evaporation pond was decommissioned and the site remediated,;

* increased groundwater monitoring using purpose-built monitoring bores.

These modifications were made to ensure minimum seepage from the tailings storage cells
and the evaporation ponds. The modifications were completed in September 1995.

The remediation strategy did not provide for any change to the mine water disposal pond. It
is considered that there are no environmental implications arising from seepage from the
pond, as the mine water is the naturally occurring groundwater in the area. However,
investigations into potential alternative sites have been undertaken, and construction of a new,
larger mine water disposal pond at a new site is expected to be complete by the end of 1997.

The main components of the TRS are the TSF and the evaporation ponds. These are
described below. Also discussed are the monitoring systems, observed effects and the
Parliamentary inquiry conducted in 1995,

8.1.2 Tailings storage facility

The tailings are distributed and deposited in three tailings storage cells—cell 1, cell 2 and
cell 3. Each cell is operated with its own decant arrangement. The perimeter walls of the
cells were constructed using waste rock from the mine and locally quarried material. A1 m
thick clay inner facing minimises potential liquor migration through the walls. The outer face
of the walls is protected from erosion by a 500 mm thick rock layer. The 8 m wide crest is
presently at RL 110.5 m AHD which means that the height of the perimeter walls varies
between approximately 6 m and 10 m above natural ground level. The perimeter wall is
currently being raised by 3 m to increase the overall holding capacity of the TSF.

Tailings are deposited from outlets (spigots) spaced at 24 m intervals along a distribution pipe
running along the perimeter walls. Generally, at any given time, the tailings are deposited
from two sets of six spigots. A thin layer of tailings (approximately 100 mm thick) is deposited
during each deposition cycle and allowed to dry for a period of about three to four weeks.
The 100 mm thick layer reduces to about 60 mm during the drying process. The tailings are
deposited in a slurry with a solids concentration of about 45-50% solids by weight. The
tailings settle to form a beach, which has been observed to have an average slope of
approximately 2% over the first 200 m and about 1% thereafter.

Field tests conducted on tailings deposited in cells 1, 2 and 3 indicate dry densities (weight
of solids divided by volume of sample) of the order of 1.6-2.05 t/m®, with an average of
approximately 1.7-1.8 t/m?. The moisture content of the tailings is approximately 20-25%
by weight, which represents a pore saturation of 75-100%, with an average of about 90%.

8.1.3 Evaporation ponds

When the tailings beaches are fully established, supernatant liquor is collected in a central pond
in each tailings cell and decanted via a decant tower to the liquor evaporation ponds. Until
the tailings build up to a level that allows the liquor to flow into the decant tower, liquor is
pumped to the ponds. All tailings supernatant liquor decanted from the cells, as well as excess
acidic liquor from the process, are evaporated in the evaporation ponds EP1 (evaporative area
at 50% pond depth of 31 ha) and EP2 (evaporative area at 50% pond depth of 37 ha).
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A portion of the liquor from the evaporation ponds is returned to the tailings surge tank for
combination with the tailings. This returned liquor then passes to the tailings storage cells,
where some salts remain with the liquor within the pores of the tailings solids.

This process enables the concentration of dissolved salts in the evaporation ponds to be
controlled, as excessively high levels would result in reduced evaporation rates and filling of
the evaporation ponds with precipitates.

8.1.4 Management and monitoring systems

Management and monitoring systems for the existing TRS, described below, are well
established and would be extended to cover the expanded facilities constructed as part of the
Expansion Project.

Management of the TRS involves the collection of operational data, assessment of these data
and planning for future development of the system. Management also involves operational
staff checking the TRS several times a day, and making adjustments where necessary,
including:

* checking the integrity of the piping

» checking the pump operation

+ changing the location of operating (discharging) spigots
» checking the development of tailings beaches

+ checking and adjusting the operation of the evaporation ponds.

The monitoring systems implemented as part of tailings management include measurement of:

¢ flow rates in the tailings delivery, supernatant liquor and acidic liquor pipelines to the
evaporation ponds, and return liquor from the evaporation ponds to the tailings surge
tank;

« liquid levels in the evaporation ponds;

« meteorological data, including evaporation and rainfall;

+ groundwater quality and levels.

The flow rate, liquid level measurements and meteorological data are used in liquor balance

calculations to monitor for any apparent loss of liquor. The current groundwater monitoring
system at Olympic Dam is described in Section 4.6.

A liquor balance calculation is carried out and reported quarterly on each cell of each
evaporation pond. The liquor balance includes:

« liquor inputs and outputs from flow measurements;

« estimates of evaporation, using measured meteorological data adjusted for the size of the
pond and the salinity of the liquor;

« rainfall input from measured meteorological data;

+ changes in volume stored by calculation from depth measurement.

The liquor balances for the evaporation ponds are based on data that can be accurately
measured, and can be used to identify any loss of containment before the loss begins to have
any environmental effects. In the event that loss of containment is detected by the liquor
balance, the evaporation cell would be isolated, drained, cleared and inspected prior to any
necessary repairs.



A liquor balance calculation is also undertaken for each cell of the TSF. However, these
liquor balances require the estimation of a number of significant components and are
therefore only used to provide an indication of any major discrepancies and long-term trends
in the liquor balance. Tlhis liguor balance is reported every six months.

Senior officers of the South Australian Health Commission, the South Australian Department
of Mines and Energy (MESA) and the Environment Protection Authority inspect the TRS every
three months as part of the quarterly environmental radiation review. The reviews are
accompanied by a report which outlines the operational and radiological issues associated
with the system. An annual report is also issued to regulatory authorities, and outlines and
summarises the results of the monitoring programme for the full year.

8.1.5 Observed effects on groundwater systems

As described in Section 4.6, the past operations at Olympic Dam have resulted in the
formation of localised, elevated groundwater levels under the TRS.