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Preface

This Draft Environmental Impact Statement has been prepared in response to the State and Commonwealth Governments'
environmental impacl assessment requirements.

As the Olympic Dam Project will require export approval from the Commonwealth Minister for Trade and Resowrces, the
Minister for Home Affairs and Environment has directed that an Environmental Impact Statement (EIS) be prepared under the
Environment Protection (Impact of Proposails) Act 1974-75.

At the time of preparation of this Draft EIS, the South Australian Parliament had passed legistation relating to environmental
impact assessment, although the relevant sections had not been proclaimed. However, under a State Cabinet directive, the
Minister of Environment and Planning may request that an EIS be prepared where, in his opinion, a profect is of major social,
economic or environmental importance.

This Draft EIS has been prepared by Roxby Management Services Pty Lid, acting as maenager for a joint venture comprising
Roxby Mining Corporation Pty Ltd, BP Australia Limited and BP Petroleum Development Limited (the Joint Venturers).
Guidelines for the preparation of this decument have been jointly agreed between the State and Commonwealth Governments
in consultation with Roxby Management Services. These guidelines indicate the areas which should be considered in the
preparation of an EIS.

Following receipt of public submissions on this Draft EIS, Roxby Management Services will be required to prepare a
Supplement to the Draft EIS in accordance with Section 8.1 of the Administrative Procedures under the Environment
Protection {Impact of Propesals) Act 1974-75. The Supplement will address significant issues relevant to the Project which
are raised by public submissions, Together, this Draft EIS and the Supplement will form the Final EIS on which the
assessments of the respective Ministers will be based,

The Project which is the subject of this environmental assessment is described in Chapter 2. Development associated with the
present exploration activity at Olympic Dam has already been subject to environmental assessment: the South Austrglian
Department of Mines and Energy required the preparation of Declarations of Environmental Factors for the sinking of the
Whenan exploration shaft end for the construction of the all-weather access road from Olympic Dam via Purple Downs to
Phillip Ponds.

This Draft EIS has been prepared at a time when development planning for the Project is sufficiently advanced to make a
proper evaluation of environmental effects, while still being early enough for environmental factors to be considered in
Project design decisions together with technical and economic factors. However, some aspects of the development have yet fo
be finalized, and the final feasibility study which is soon to commence may result in changes to the proposed development
approach. Such changes or finalization of details will be notified to government and, should these changes result in significant
additional environmental impacts, further environmental assessment may be required.

The Indenture Agreement relating to the Project which was recently ratified by Parliament contains a number of commitments
by the Joint Venturers to environmental management, One of the requirements is for the Joint Venturers to submit for
Ministerial approval triennial programmes for the protection and management of the environment, and to report annually on
the implementation of these programmes. The Draft EIS refers extensively to other relevant aspects of the Indenture
Agreement. However, since the Indeniure Agreement is a lengthy and complex document, any reference made in the Draft EIS
to specific clauses is intended to convey only the main intent of the relevant clause, rather than its full detail, Should a more
comprehensive reference be required, the Indenture Agreement itself should be consulied.

It should alse be noted that the development of the Project will require action by public authorities as well as by the Joint
Venturers. For example, the sealing of the road connecting Olympic Dam to the Stuart Highway at Pimba will be undertaken
by the South Austrelian Highways Department, the extension of telecommunications facilities to Olympic Dam is expected to
be undertaken by Telecom Australia, and administration of the town will be under the authority of a specially constituted
municipality. Any required documentation of the environmental effects of actions taken by public aquthorities in relation to
works not defined in Chapter 2 of this Draft EIS will be the responsibility of the respective authorities,
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Summary

OBJECTIVE (Chapter 1)

The Olympic Dam deposit is one of the world's major undeveloped mineral resources, and
preliminary estimates indicate that it contains at least 2,000 million tonnes of
mineralized material, with an average grade of about 1.6% copper, 0.6 kilograms per
tonne of uranium oxide and 0.6 grams per tonne of gold. The deposit was discovered by
Western Mining Corporation Limited (WMC) in 1975 and is being evaluated by a joint
venture formed between Roxby Mining Corporation Pty Ltd (a wholly owned subsidiary of
WMC) and BP Australia Limited and BP Petroleum Development Limited (both
subsidiaries of British Petroleum).

The objective of the Olympic Dam Project is to extract and process the ore for the
production and sale of copper, uranium oxide and the associated precious metals.
Although the scale of development will be determined by the final feasibility study yet
to be undertaken, for planning purposes production capacity has been set at
150,000 tonnes per annum of copper metal and associated products. The facilities
required to achieve this production capacity are:

an underground mine to extract approximately 6,500,000 tonnes of ore per annum;

. a processing plant on site with an annual production capacity of 150,000 tonnes of
copper, together with 3,000 tonnes of uranium oxide, 3,400 kilograms of gold, and up
to 23,000 kilograms of silver;

. associated facilities for the mine and plant, including a tailings retention system,
workshops and offices, and other services;

3 a town to accommodate up to 9,000 people;

. other infrastructure to service the mine, plant and town, including a 33 megalitre
per day water supply, a power supply of up to 130 megawatts, and transportation and
communication facilities.

Commitment to proceed with commercial development, which on this scale would
involve an estimated total expenditure of $1,400 million (expressed in December 1981
dollars), can only be made on completion of the final feasibility study. This study cannot
commence until State and Commonwealth Government environmental assessments have
been received.



THE PROJECT (Chapter 2)
Mine development

The =zones of currently economic mineralization are at depths ranging from
approximately 350 to 650 metres. For access to the ore and mine development, two
shafts and one decline will be constructed. The Whenan Shaft is currently being sunk as
part of the exploration programme to obtain bulk metallurgical samples and to permit
underground exposure of the orebody. It is a 6.5 by 3.5 metre shaft with a possible
ultimate depth of 730 metres. A second shaft, with a circular cross-section of
7.5 metres diameter, will be sunk to about 800 metres. A decline about 3 kilometres
long, 7.5 metres wide, and 4.5 metres high, will be developed from the surface to
connect with the mine internal ramp system.

Ore will be extracted by a variety of proven methods depending on the characteristics of
the ore zone. The methods presently favoured are open stoping for the thicker ore
zones, post-pillar cut-and-fill for ore zones of between 10 and 25 metres thick, and
room-and-pillar for thinner ore zones. The mine will use several transport systems to
move materials and people. These will include diesel or electric vehicles for ore haulage
from stopes; trains, trucks or conveyors for underground ore transport; skips to raise
crushed ore to the surface; pipelines and vehicles to convey mine consumables; and
vehicles to transport mine personnel.

Mine ventilation systems will circulate about 8 tonnes of fresh air for each tonne of ore
mined. Intake fans on the surface will drive air into the mine and up to the work faces,
while exhaust fans on the surface will draw air from work areas, expelling it through
exhaust raise shafts. The saline groundwater in the aquifer above the mining area will be
dewatered in advance of mining and pumped to an evaporation pond. Where appropriate,
back-filling of the mine will be achieved mainly using quarried dolomitic limestone. A
quarry with a capacity of 3,500,000 tonnes per annum will be developed for mine-fill and
other uses. Only limited use will be made of tailings as fill, because of their unsuitable
physical characteristics for the proposed mining methods.

Ore processing

Ore will be conveyed from the mine to a concentrator, where grinding and flotation will
produce two outputs for further processing. One will be sulphide concentrate, containing
more than 90% of the copper and 70% of the gold and silver. The other will be flotation
tailings, containing uranium and the remainder of the copper. Metallurgical testing has
indicated three processing options for the sulphide concentrate and two for the flotation
tailings. Final plant design may include any one or a combination of these methods to
ensure the most efficient and economic treatment.

The first two alternatives for concentrate processing produce a pure form of 'electrowon
copper'. One of these options involves roasting, leaching and electrowinning processes,
while the other requires pressure leaching and electrowinning. For both these options,
precious metals will be extracted from the leach residues by cyanidation. The third
option for processing the concentrate is by smelting and converting to produce 'blister
copper' containing valuable impurities of gold and silver. Subsequent electrorefining is
required before the copper can be used for fabrication and to separate the precious
metal content. Such a refining step is not presently envisaged for the Project.

Flotation tailings will be treated to produce uranium oxide by atmospheric or pressure
leach circuits using sulphuric acid as the leaching agent.

Associated facilities

Laboratories, workshops, stores, offices and other services will be required to support
the mine and processing operations. Other than the manufacture of sulphuric acid, which
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is an integral part of the main process operations, no major on-site manufacturing of
chemical inputs is currently contemplated.

The tailings from the treatment plant will be placed in a retention system using a
subaerial deposition method. The tailings retention system will consist of four adjacent
but separate storage cells, each 100 hectares in size, with perimeter embankments
constructed from local materials. Tailings will be deposited in the cells on a cyclical
basis which will allow the deposited layer in cne cell to settle, dry and consolidate while
tailings are deposited in other cells. Controlled reduction of tailings' moisture content
will produce a compact and stable tailings mass, and a continuous water cover will not be
required. There will be a central decant structure to collect excess liquor and
stormwater run-off which will be pumped to a lined evaporation basin.

Town

The mine, plant, and associated facilities will directly employ about 2,400 people on site
during operation. It is anticipated that a further 700 people will be employed at Olympic
Dam as consequential workers in government and other industries serving the Project and
its direct workforce. This employment base should result in about 8,000 people being
resident in the town during the early years of production, and it is anticipated that this
number will gradually rise to 9,000 at the level of production contemplated. The town
site is in sand dune and swale country, about 10 kilometres south of the plant area. The
design, planning and construction of the town will be of a standard commensurate with
its permanent nature. Land suitable for development in the vicinity of the town site
allows for a possible ultimate population of 30,000.

Other Project infrastructure

Water for the Project will be supplied from two borefields to be developed in the Great
Artesian Basin. During construction, about 6 megalitres per day will be pumped through
a pipeline from a borefield some 100 kilometres north-east of Olympic Dam. To meet
the operational requirement of the Project (estimated to be 33 megalitres per day), a
second borefield which is a further 50 kilometres to the north-east will be developed.
This will require a separate pipeline. As the raw water will have a total dissolved solids
content ranging between 1,500 and 2,500 milligrams per litre, a portion will be
desalinated to produce potable water. Power for bores and pumping stations will be
supplied through a 66 kilovolt transmission line from the Project substation.

The initial power requirements for the Project will be met by constructing a 132 kilovolt
line from Woomera. This will supply power during construction, until a 275 kilovolt line
from Port Augusta is built to meet the Project's operational needs (which could be up to
130 megawatts). Under the Indenture Agreement between the Joint Venturers and the
South Australian Government, the Electricity Trust of South Australia will make
available to the Project up to 150 megawatts from the State's electrical distribution
system.

The main transport facilities which will be developed as part of the Project include a
sealed road from Pimba (on the Stuart Highway) to Olympic Dam, a distance of
approximately 90 kilometres, and a sealed airstrip to a standard suitable for medium
sized jet aircraft. A standard gauge rail spur from Woomera or Pimba has been allowed
for in land use planning and plant layout, but is not contemplated as part of the present
proposal.

Normal telecommunication facilities will be provided, including a microwave link from
Woomera connected with the national telecommunications network.

A security and vermin-proof fence will be constructed around the mine, plant and
tailings area, and the vermin-proof fence will be extended to enclose the airstrip and
town site.
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TERRESTRIAL ENVIRONMENT (Chapter 3)
Regional environment

There are two main types of environmental associations in the Olympic Dam region. One
association, in which the entire Project Area is located, is characterized by extensive
longitudinal east-west sand dunes and interdune corridors in which structured soils of the
underlying plain are exposed. The Project Area represents less than 2% of this
widespread association. The other type of environmental association is characterized by
flat to gently rolling stony tableland strewn with gibbers. This occurs to the east and
south of the Project Area.

Terrain

The landforms in the Study Area are generally related to two main factors: the
weathering of the underlying rocks, and the superimposition of wind-blown sand over the
extensive tableland surface throughout the region. In terms of erosion susceptibility, six
terrain features were identified: stony tablelands, sand dune ridges, interdune corridors,
drainage depressions, low stony rises, and dune fields. The sand dune ridges and dune
fields show the greatest potential for erosion, especially in areas of instability (areas
without vegetative cover) where blowouts can form, leading to dune deflation and sand
movement during infrequent times of high winds. The higher percentages of silt and clay
in the soils on the stony tablelands, interdune corridors, drainage depressions, and low
stony rises, in addition to the presence of gravel as a reinforcing material or as a surface
shield, reduce the erosion potential of these terrain features. Potential sand movement
can be controlled by limiting the degree of disturbance on sand dunes, by retention of
vegetative cover where possible, and by early stabilization of any areas which show sand
drift or which require disturbance of dune ridges. Other minor potential impacts
associated with alterations to surface drainage and sediment movement can be
accommodated by appropriate engineering design,

Hydrology

The crests of the sand dunes form a mosaic of small closed catchments. With high
average evaporation (about 3,000 millimetres per annum) and low average rainfall
(160 millimetres per annum), run-off events are infrequent and soil moisture contents
are low. The dunes have infiltration rates higher than the maximum rainfall intensity,
while the swales and depressions are relatively impermeable. The introduction of
substantial areas of impermeable surfaces due to development will lead to some minor
increases in run-off, but these will be accommodated by drainage systems and
compensating basins. The effect of the closed catchments will be to contain run-off
within the immediate vicinity of the Project Area. The localized increases in soil
moisture levels arising from the watering of gardens and recreation areas will promote
increased plant growth.

Flora

The two main vegetation suites in the region are related to the two principal types of
environmental associations: stony tablelands support a low chenopod shrubland, while
the dune fields have a recurring pattern of woodlands or tall shrublands on sands and
chenopod shrublands on structured soils of interdunal corridors. Grazing by stock and
rabbits has degraded the vegetation in the Project Area, and in any case this type of
vegetation is widely replicated. Therefore, except for isolated communities associated
with drainage features, it has little conservation significance. Vegetative cover does,
however, play a significant role in preventing erosion, as well as having amenity value
(particularly the groves of western myalls and other tree species). Although some
vegetation clearance will occur as a result of development, the Joint Venturers' policy of
vegetation retention or rehabilitation of vegetated areas is an important consideration in
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reducing vegetation impacts, and has been incorporated in siting decisions, particularly
in relation to the town. In addition, the exclusion of stock from the area, the control of
rabbits, the creation of buffer zones, and garden and amenity planting will all assist in
further mitigating adverse effects on vegetation.

Fauna

Pastoral activity and the introduction of exotic species have substantially reduced the
number of native mammals present in the Olympic Dam region. Reptiles have been
affected to a lesser degree. Although habitat loss due to Project development will
occur, the area involved is extremely small compared with the regional extent of the
available habitat. Some species of avifauna will be disadvantaged by habitat loss while
others will benefit from the increased availability of water and food resulting from
Project development. Some loss of avifauna may occur as a result of the acid liquor
evaporation pond.

LAND USE (Chapter 4)

Pastoralism, the principal land use in the area, commenced during the 1860s and 1870s,
and its viability has always been dependent on the region's erratic rainfall. Other land
uses include weapons testing at Woomera; mining at Andamooka and at Stuart Creek for
opal, and at Mount Gunson for copper; and limited tourist activity, mostly near Lake
Eyre and the mound springs areas. Pastoral settlement is dispersed, while other
settlement is related to weapons testing, mining activity, and transportation service
centres associated with the Stuart Highway, Trans Australia Railway and Port Augusta
to Marree railway.

Pastoral activity will be the land use most directly affected by Project development.
There will be beneficial consequences, with better access to town services, stock water
supply and transportation facilities, while the adverse impacts will comprise a small loss
of land and some land severance, minor stock losses from vehicle/stock accidents, and
some danger to stock and property from the increased population in the area. Where
necessary and appropriate, compensation will be made for loss of land or loss of
production. As the 200 square kilometres of the Project Area represents only 10% of
Roxby Downs Station (which totals 2,000 square kilometres), this effect is relatively
minor. The Project will also have indirect effects on land use, through the recreational
activities of the town population and through improvements in regional access.

ABORIGINAL ENVIRONMENT (Chapter 5)
Archaeology

Archaeological sites which are evidence of past occupation by Aboriginal people are
widespread throughout the region in which the Study Area is situated. The nature and
distribution of archaeological sites which were used for economic activities by
Aboriginal people are closely related to terrain patterns. Campsites are generally on
sand, with the richest and most diverse being located adjacent to areas likely to hold
water after heavy rainfall. Knapping floors and quarries are usually in close proximity to
sources of raw materials, and the material used reflects the rock type of the surface
geology. The greatest frequency of sites is found in widely spaced dune fields, which
combine the advantages of sand on which to camp, rain-collecting depressions for water
supply, and raw material for stone tools. The frequency of sites declines with increasing
dune density (and decreasing frequency of claypans). Dune fields overlying low stony
rises (a source of silcrete for stone tools) have the highest site frequency. On stony
tableland and dissection slopes, sites are confined to rock outcrops used for quarries and
knapping floors and to isolated dunes used as campsites. Such sites are infrequent, but



those which do occur are large in area and dense in artefacts. Artefact material is
generally silcrete in dune fields (especially where there are low stony rises), chert in
areas of Andamooka Limestone, and quartz in Arcoona Quartzite.

The operations area is located predominantly in widely spaced dune fields overlying low
stony rises. Archaeological sites with a high density but low diversity of artefacts are
therefore frequent. The town site is in more closely spaced dune fields where a lower
frequency of sites occurs. The types of archaeological sites within the Project Area are
not unique, as there are large tracts of country surrounding Olympic Dam which contain
essentially the same range of site types in the same environmental settings. Thus,
general preservation of archaeological sites in the Project Area is not warranted.
However, nine sites were identified as being noteworthy from a scientific point of view,
and more detailed recording or salvage collection will be carried out at three of these
sites to gather further insights into the archaeology of the area. In addition, seventeen
stone features were located in the general vicinity of the Project Area, five of which
have definite artificial components consistent with Aboriginal origins. None of these
sites will be directly affected by the development, and the Joint Venturers have
restricted access in the areas surrounding the sites. Before further action can be
formulated in relation to these features, an indication of their Aboriginal significance is
required.

Anthropology

The weight of evidence from the literature implies that the Project Area is within
traditional Kuyani territory near the band of country where Kuyani and Kokatha tribal
areas traditionally meet. Arabana territory is further north, and that of the Pangkala is
to the south. It is many years since the general area was inhabited by Aboriginal people
following a traditional lifestyle: by the late 1940s, when Woomera was established, there
were very few tribalized Aborigines in the Range area. However, people of Arabana,
Kuyani and Kokatha descent were employed on stations near Olympic Dam until the
early 1970s. Migration of Aboriginal people from the area has been to missions such as
Koonibba and Yalata, and to towns, particularly Port Augusta.

It has not been possible to conduct anthropological surveys of the Study Area. The last
known speaker of Kuyani has died and, while discussions were held with the Kokatha
during the eighteen months leading to publication of this Draft Environmental Impact
Statement, detailed agreement on an approach to anthropological research was still to be
reached with the Kokatha people at the time of writing. A preliminary agreement was,
however, being discussed on an approach to site survey work. Arabana people have
provided confirmation of certain Kuyani myths and, through fieldwork, have indicated
sites of significance to the north of the Project Area.

Nevertheless, anthropologists and others have previously recorded much of the
mythology of the region and have located and identified sites of significance. This
information identifies no mythological sites in the Olympic Dam Project Area, although
two sites are within 15 kilometres of the Project Area and another three are within
50 kilometres. Kuyani and Arabana mythology is generally centred on the mound springs
area, about 100 kilometres to the north; Kokatha mythology is centred on Ooldea, about
500 kilometres to the west.

UNDERGROUND ENVIRONMENT (Chapter 6)

Geology of the orebody
The Olympic Dam deposit occurs in a sequence of unmetamorphosed sedimentary

breccias of Proterozoic age. This breccia sequence is overlain by about 350 metres of
unmineralized cover sediments of the Stuart Shelf. The bulk of the known ore grade
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mineralization occurs in geologic members dominated by matrix-rich polymict breccias,
with the matrices composed mainly of hematite. Two types of copper mineralization
occur: bornite-chalcopyrite-pyrite in hematite-rich breccias, and chalcocite-bornite
mineralization generally in lenses and veins.

Hydrogeology

The main aquifer in the region is the Arcoona Quartzite Member of the cover sediments.
It is a fractured rock aquifer in which groundwater movement is very slowly eastwards
towards the Lake Torrens area. It contains water of high salinity not suitable for human
or stock consumption. Some use is made of lower salinity water of near potable quality
which occurs in limited quantities in some areas of surficial sediments separated from
the underlying saline aquifers. The breccia sequence hosting the mineralized area is a
minor aquifer of limited permeability and higher salinity than the Arcoona Quartzite.

The mine area will be dewatered in advance of mining operations. This will create a
cone of depression in the groundwater potentiometric surface, redirecting local
groundwater movement towards the mine area during mining and for some hundreds of
years after mining ceases. After the cessation of mining, groundwater will move
towards the mined out area, with groundwater in the breccia sequence mixing with
remnant mine water which may have pockets of acid water with high heavy metal
content. Eventually, however, the groundwater will resume its present very slow
movement eastwards. There will be no effect on the quality of groundwater in the
surficial sediments, in the Arcoona Quartzite, or in the Great Artesian Basin which is
geologically separated from the Project Area and lies some 100 kilometres to the north
of Olympic Dam.

Seismicity

The Adelaide Geosyncline which lies to the east of Olympic Dam is a seismically active
zone. However, earthquake risk at a level requiring design consideration diminishes
sharply away from the Geosyncline.

According to the requirements of the Standards Association of Australia Earthquake
Code, earthquakes with peak ground velocities of 0.05 metres per second are not
expected to cause structural damage to normal buildings not designed specifically to
resist earthquakes. Earthquakes even of this low intensity have a return period of
3,500 years at Olympic Dam.

TAILINGS RETENTION SYSTEM Chapter 7)
System operation

Six million tonnes per annum of tailings slurry will be pumped from the metallurgical
plant in a rubber-lined steel pipe to the 400 hectare tailings storage area, where the
tailings will be deposited by subaerial deposition. The tailings storage will be subdivided
into four cells, and the tailings will be discharged from the perimeter of the storage onto
a gently sloping beach in one of these cells. The tailings will settle across the beach, and
any free liquor will flow into a sump common to all four cells of the storage. The
decanted liquor will be pumped to a separate 50 hectare evaporation pond adjacent to
the tailings storage.

In a typical twenty-eight day deposition cycle, a layer of 200 millimetres of tailings
slurry will be placed in one cell over a seven-day period and then allowed to settle, dry,
and consolidate over twenty-one days, during which time the other cells will be receiving
tailings slurry. By the end of the drying cycle, the evaporation of moisture will reduce
the degree of saturation of the tailings to around 90%. This will mean that 90% of the
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voids within the tailings will contain liquor. As such, the tailings will absorb moisture
during the deposition of the next layer of tailings slurry, but this moisture will be drawn
back to the surface and evaporated during the next drying cycle. The target level of
90% saturation will be low enough to form a high strength tailings mass with a density of
1.9 tonnes per cubic metre. As the tailings will not consolidate any further, long-term
structural stability is ensured.

Control of radon emanation and seepage

By maintaining the moisture content at about 90% saturation, radon gas emanation from
the tailings surface can be regulated. In addition, the drying process will create a high
strength competent surface not susceptible to wind erosion. Seepage through the
deposited tailings will be restricted because of the low permeability of the tailings, and
the capacity of the dried tailings to absorb moisture. Model testing indicates that the
depth of penetration of a wetting front is approximately 400 millimetres. Thus, it will
only be during initial deposition (up to the first six months) that the wetting front could
be expected to reach the base of the tailings storage. Under normal conditions, it is
likely that such seepage would be drawn back to the surface and evaporated. Even if this
did not occur, seepage during this initial period would only be sufficient to saturate a
depth of less than 1 m below the tailings. A long period of exceptionally high rainfall
might also lead to minor seepage through the tailings.

Pipelines carrying tailings slurry to the tailings storage, or decant liquor to the decant
evaporation pond, will be bunded or placed in culverts to contain spillage in the unlikely
event of a pipeline failure.

At decommissioning, an average of 1.5 metres of soil cover and 0.5 metres of quarried
rock will be placed on the tailings surface to provide protection from long-term wind and
water erosion. This will provide a stable and maintenance-free structure for the long
term and will attenuate radon emission. Contouring of the surface will ensure that
water is confined within the tailings structure and will allow only shallow pools to form
which will evaporate rapidly.

OTHER WASTES AND EMISSIONS (Chapter 8)
Meteorology

The climate at Olympic Dam is warm to hot in summer and mild to cool in winter, with
long hours of sunshine, very low and unreliable rainfall, and high evaporation rates
throughout the year. Winds are predominantly from southern quadrants in spring and
summer, and from the north-west quadrant in winter. In autumn, winds are lighter and
mainly from the south-east or north quadrants. Night-time inversions between 100 and
400 metres are frequent, breaking up as a result of solar heating by mid-morning and
reforming after sunset.

Air emissions

In relation to air quality considerations, the main plant emissions will be sulphur oxides,
oxides of nitrogen, and hydrogen fluoride. The main sources of sulphur oxides will be the
acid plant, coal-fired process steam boilers, and the smelter furnace, with minor
amounts from the concentrate dryer and yellowcake calciner. Oxides of nitrogen will be
emitted from the boilers and the concentrate dryer. Fluoride in the ore will be
converted to hydrogen fluoride during the roasting of concentrates or during the smelting
of copper, and the minor amounts not collected in gas cleaning prior to acid production
will be emitted from the acid plant. All predicted emission concentrations are within
the relevant National Health and Medical Research Council recommendations for
emission standards.
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Maximum ground level concentrations have been predicted for each emission. Peak
concentrations will occur during unstable atmospheric conditions with moderate wind
speeds. For sulphur dioxide from a single source, the predicted maximum three-minute-
averaged ground level concentration from the acid plant is 485 micrograms per cubic
metre at ZOOC, compared with the allowable criterion of 532 micrograms per cubic
metre. The maximum for combined sulphur dioxide sources is 560 micrograms per cubic
metre, compared with the criterion of 1,064 micrograms per cubic metre. For nitrogen
oxides, the maximum is 28 micrograms per cubic metre, compared with the criterion of
325 micrograms per cubic metre, while for hydrogen fluoride the maximum is
3 micrograms per cubic metre, compared with the criterion of 21 micrograms per cubic
metre. Long-term concentrations of all emissions are also well below relevant
standards.

Dust emissions generated from handling process materials such as pyrolusite, coal,
sulphur and silica sand, as well as dust from quarry operations, will be controlled to meet
the relevant occupational health recommendations of the National Health and Medical
Research Council. Primary roads will be sealed to minimize dust from this source, while
secondary lightly trafficked roads will be watered as necessary. Appropriate safety
practices will be followed in the handling and use of toxic process chemicals.

Noise

Predictions have been made of the Project related noise levels likely to be experienced
in the town, which will be 10 kilometres away from the operations area. The frequency
and intensity of noise from all operational components which might represent potentially
significant noise sources have been combined by computer model, and meteorological
conditions which may accentuate noise reception, such as wind direction or inversion
presence, have been considered for 'worst case' situations. The resulting predictions are
that, even under these worst case situations and allowing for tonality, the maximum
effective noise level in the town due to Project operations will be 36 dBA. This is well
below the South Australian regulatory standard of 45 dBA for urban residential areas at
night, and is as low as the probable night-time background noise levels in the town.

The quarry, which will be situated about 15 kilometres north of the town, is unlikely to
provide a source of annoyance at that distance. Provision has been made for buffer
zones between the town and other intermittent noise sources, in order to reduce possible
annoyance. The main road buffer zone will be 150 metres wide, while a buffer zone of
about 350 metres in width will be provided for the possible future railway.

Within the town itself, air-conditioning noise will be the most likely source of annoyance.
The noise level of the air-conditioners to be installed by the Joint Venturers will
therefore be one of the selection criteria for this equipment. As industrial areas can
also be a source of noise annoyance in residential areas, these areas will be separated in
planning for the town.

Solid waste

The town will be the major source of solid waste, which will consist of household and
garden refuse, construction materials, and commercial and industrial waste. To dispose
of these wastes, the Joint Venturers will establish a sanitary landfill in the town area,
which will be operated by the municipality.

Project operations will generate a relatively small amount of solid waste, which will
include both contaminated and uncontaminated wastes. To dispose of the latter,
salvageable materials such as scrap metal will be sold, while unsalvageable waste will be
disposed of in the mine landfill tip adjacent to the tailings storage facility.
Contaminated waste will be decontaminated where possible and the salvageable portion
sold. That portion of the contaminated waste which is not salvageable will be drummed
where possible, and disposed of in a separate area of the mine landfill.
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RADIATION ASSESSMENT (Chapter 9)
Radiation standards

Project planning has taken into account the Joint Venturers' obligations under the
Indenture Agreement to adhere to the radiological protection standards required by the
Commonwealth of Australia's Code of Practice on Radiation Protection in the Mining
and Milling of Uranium Ores 1980 (Code of Practice), and the codes or recommendations
of the International Commission on Radiological Protection (ICRP), the International
Atomic Energy Agency (IAEA) and the National Health and Medical Research Council
(NHMRC). These standards relate to the control of exposure to radiation above naturally
occurring background levels both for employees and for members of the public. Three
mechanisms of exposure have been considered in relation to uranium mining and
processing: external exposure to gamma radiation, inhalation and retention of radon
decay products (radon daughters), and inhalation or ingestion of radioactive particulates.

Project radiation sources and incremental exposure levels

The principal sources of incremental radiation exposure from underground mining are
radon gas from in situ, broken and crushed ore (insofar as it gives rise to concentrations
of radon daughters), radioactive particulates in respirable dust, and gamma radiation.
Above ground sources comprise radon gas, its decay products and radioactive
particulates in respirable dust emitted from mine vents, ore transfer and processing, and
the tailings retention area; and gamma radiation from the tailings retention area, ore
processing and drummed yellowcake. The various radiation exposure pathways have been
considered for different employee categories and for town residents.

The limitation of exposure to radon daughters in underground mining is considered of
prime importance to the protection of employee health. The mine ventilation system
and mining methods will be designed to control radon daughter exposure in any year to
1 WLM (Working Level Month), which is one-quarter of the maximum permissible
exposure in the Code of Practice. With the relatively low uranium content of the ore,
silica inhalation rather than inhalation of radioactive particulates governs the
permissible dust concentrations in the mine working areas. Exposure from radioactive
dust is estimated to be one-thirtieth of the permissible level. Gamma radiation exposure
is estimated at one-tenth of permissible levels. It is predicted that plant employees will
be exposed to lower radon daughter and radioactive particulate levels than mine
employees, while gamma radiation during yellowcake packaging and drying is expected to
be slightly higher but still only one-fifth the permissible level.

In addition to meeting the individual limits for the different exposure mechanisms, the
Joint Venturers undertake to limit overall exposure of employees to radiation by limiting
the combined contribution from all mechanisms (radon daughters, gamma radiation and
radioactive particulates). This goes a step beyond the Code of Practice requirements,
and is consistent with the more recent ICRP recommendations on radiation protection.

The Joint Venturers have adopted a similar combined criterion for overall exposure of
members of the public in relation to maximum permissible concentrations set out in the
Code of Practice for members of the public, which are more stringent than permissible
employee exposure limits. Possible pathways for public exposure above natural
background levels are through inhalation of radon daughters and respirable radioactive
particulates dispersed from the operations area, and through ingestion of incremental
increases in radioactivity above that already contained in drinking water or in locally
produced meat and vegetables. Conservative estimates indicate that the total
contribution of increases in exposure for office workers at the main administration
office in the plant area is a factor of forty below the Joint Venturers' combined criterion
for public exposure. For town residents, this factor is seventy-five. This can be
compared with exposure from natural radiation sources which is one-sixth of the same



criterion. Thus, the increase in radiation exposure due to Project operations is not only
well below the Code limits, but it also represents only a small addition to the normal
background levels to which people living in a continental land tnass are continually
exposed.

At Project completion, the plant and mine will cease to be sources of radiation exposure.
Although the tailings retention area will continue to emit radon after decommissioning,
surface protection consisting of an average 1.5 metres of soil and an additional
0.5 metres of quarried rock will reduce this radon emanation by a factor of four.

Yellowcake Transport

It is planned to transport uranium concentrate (yellowcake) by road from Olympic Dam
to Port Adelaide via Pimba and Port Augusta. Relevant South Australian legislation
governing such transport is expected to incorporate Commonwealth legislation, which in
turn closely follows IAEA criteria for the transport of 'low specific activity materials'
(which include uranium concentrate). The concentrate will be packaged in steel drums,
which in turn will be secured in export shipping containers. Experience at other
Australian uranium operations where this packaging method is employed indicates that
radiation levels at the surface of the load will be a small fraction of IAEA limits. While
the chances of an accident of sufficient severity to cause a spillage of yellowcake are
small, contingency plans for cleaning up and monitoring spillage will be prepared.

Radiation monitoring

Regular operational monitoring of radioactive contaminant levels will be carried out by
the Joint Venturers to enable adherence to commitments regarding exposure limits
agreed with statutory authorities. This monitoring will not only provide data for
documentation of personnel exposures, but also for procedural controls to limit individual
exposure, and will act as a check on the functioning of ventilation and other engineering
systems. Baseline monitoring of natural radiation in the Olympic Dam area has been in
progress for two years to provide a benchmark against which to measure the incremental
exposure from Project operations. Occupational monitoring is presently carried out for
the protection of workers handling drill core samples and for those involved in
underground exploratory mining.

Regular monitoring reports are being forwarded to the appropriate authorities, and this
will continue throughout Project operations. Personal radiation results will be mad#
available to individual employees upon their request, but will otherwise remain
confidential. The Joint Venturers are also committed to providing regular briefing and
information services to employees and town residents, explaining the basis of radiation
protection being employed on the Project and the results of the monitoring programmes.

PROJECT INFRASTRUCTURE (Chapter 10)
Electricity supply

Initial power for the construction phase at Olympic Dam will be provided by a
132 kilovolt transmission line from Woomera, which will supply up to 30 megawatts from
the existing Port Augusta to Woomera line. To provide the total of 100 to
130 megawatts required for Project operation, a 275 kilovolt line from Port Augusta will
be constructed. It is expected that this power requirement can be met from currently
planned additions to the Electricity Trust of South Australia's generating capacity. The
route of the 275 kilovolt line will parallel the existing line from Port Augusta to Mount
Gunson, and then join the corridor of the 132 kilovolt line at a point 6 km east of
Woomera, remaining in this corridor until reaching Olympic Dam. This last section of
dual lines will require a 100 metre wide corridor to provide for line separation,
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construction access and a service road. As no new service road will be required for the
145 kilometre section to Mount Gunson, land disturbance over this section will be
confined to transmission tower sites, and environmental impact is therefore considered
minimal. For the 115 kilometre section from Mount Gunson to Olympic Dam, tower
construction and a service road as well as stringing of lines will involve some vegetation
clearance and minor alterations to surface hydrology, both of which can initiate soil
erosion and sand movement. However, vegetation clearance will be kept to a practical
minimum, and disturbed areas will be rehabilitated in keeping with operation and
maintenance requirements. Drainage and soil stabilization measures will be adopted
where practicable to alleviate erosion impacts. During the stage of tower siting, surveys
for archaeological sites will be undertaken. The route has been selected to avoid
airfields, homesteads and sites of environmental significance. An exposed outcrop of the
Andamooka carbonate sequence, a feature of geological significance near Purple Lake,
will also be avoided, although the crossing of Lake Windabout will require at least one
tower to be sited in the lake bed, with a causeway constructed for access.

Water pipeline corridor

During Project construction, water will be supplied at a rate of 6 megalitres per day by a
pipeline from Borefield A on the southern margin of the Great Artesian Basin near
Bopeechee, 100 kilometres north-east of Olympic Dam. To provide the additional water
necessary to meet the operational Project demand of 33 megalitres per day, a second
pipeline will be built from Borefield B deeper in the Great Artesian Basin, 50 kilometres
north-east of Borefield A. A 50 metre wide corridor will be required to accommodate
both pipelines, the 66 kilovolt transmission line (to provide power for pumps) and the
6 metre wide access road, as well as to provide construction access and sufficient
pipeline/transmission line separation to avoid induced electrical currents.

The pipeline alignment has been chosen as the most direct route which takes account of
environmental constraints, such as significant drainage depressions, gullies, escarpments,
and mound springs. For the first 46 kilometres, the corridor crosses an east-west
trending dune field. In this section, dunes are generally crossed at right angles to
minimize the impact. The dunes change direction north of this point to almost north-
south for the next 29 kilometres, allowing the corridor to be sited in swales parallel to
the dune direction. Use has been made of the abandoned Marree to Alice Springs railway
alignment for 9 kilometres from Bopeechee, following which the route goes north-east to
Borefield B, crossing 37 kilometres of gypcrete/siltstone tableland with entrenched
shallow water courses. Crossings of some drainage depressions, creek channels, and
areas of dune instability will be given special attention in relation to erosion control and
drainage. The corridor generally avoids areas of significant vegetation. It does however
involve the clearance of some bullock bush and native pittosporum which, while
classified as protected plants, are widespread in the region. In addition, the corridor
bisects a stand of Sarcostemma australe which has a restricted occurrence in the region.
An ungrazed dune field, rare in this pastoral country, will also be traversed by the
corridor. However, this area will not be significantly affected, and the long deviation
which would be required to avoid this dune field is not warranted. If an above ground
pipeline is selected, stock and vehicle crossings will be provided in appropriate locations
to minimize severance of pastoral land. Five archaeological sites considered of some
scientific significance were identified in the corridor and will be subject to further
recording.

Off-road vehicle movement by employees and contractors will be limited during
construction and operation to minimize environmental damage. However, improved
regional accessibility, while increasing the tourist potential of the area by removing one
of the major constraints to tourist activity, has the potential for environmental damage
which cannot be controlled by the Joint Venturers.
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Borefield development

About five bores will be installed at Borefield A, with four operating at any one time.
This will achieve an abstraction rate of 6 megalitres per day from the Cadna-owie
Formation, a fine to medium grained sandstone which forms a southern extension to the
Great Artesian Basin. At Borefield B, seven to ten bores (with two or three on stand-by)
will abstract 27 megalitres per day from what is believed to be the Algebuckina
Sandstone. At the time of writing, investigations were in progress to finalize bore
locations and to obtain more detailed knowledge of the hydraulic parameters of the
aquifers.

Water quality within the Basin generally has a salinity of 500 to 1,500 milligrams per
litre (total dissolved solids) with high sodium bicarbonate levels. This water is generally
unsuitable for irrigation because of the high sodium content and residual alkalinity.
Salinity increases at the margins, with Borefield B ranging from 1,400 to
1,800 milligrams per litre, while the range at Borefield A is from 1,700 to
2,700 milligrams per litre. To the north-west of the borefields, sulphate levels are high,
making the water corrosive and difficult to treat to provide a potable supply.

Further development of the Great Artesian Basin as a water resource is possible because
the recharge rate is currently only about 2% of the water available for recharge.
Increasing extraction will produce a steeper hydraulic gradient in the aquifer (thereby
inducing greater recharge), as well as a lowering of the groundwater pressure throughout
the Great Artesian Basin (resulting in a reduction in flows from existing bores and
springs as well as a reduction in leakage from the aquifer), until a new equilibrium
between recharge and discharge is established.

Current discharge from the entire Basin is estimated to be 3,100 megalitres per day, of
which 45% is lost through vertical leakage to overlying sediments, and 6% is discharge
from springs. The remaining 49% is bore discharge, of which less than 10% is used.
Within 50 kilometres of the borefields, discharge through vertical leakage is estimated to
be between 32 and 48 megalitres per day, while bores discharge about 13 megalitres per
day (of which less than 1 megalitre per day is used for domestic purposes or livestock
watering), and springs discharge about 1 megalitre per day.

The effects of pumping a total of 33 megalitres per day from the two borefields have
been predicted by computer model. As the estimated current outflow in the nearby
region is in excess of the required yield, the extraction will be balanced by the imposed
reduction in other discharges (principally the upward leakage through the overlying shale,
but also bore and spring flows). The flows in bores close to the borefields will be
significantly reduced (at Crow's Nest Bore within the boundary of Borefield B, for
example, a 100% reduction is predicted, while 25 kilometres away at Charles Angas Bore
the reduction will be only 18%). The terms of the Indenture Agreement protect the
rights of existing users, and the Joint Venturers must either make alternative supplies
available or come to other suitable arrangements with users who are adversely affected.
Furthermore, the Special Water Licence to be granted to the Joint Venturers under the
terms of the Indenture Agreement requires the Joint Venturers to install and maintain an
approved groundwater monitoring system, and to report annually on aquifer response and
future water management.

The effect on mound springs in the area is of environmental significance. Mound springs
are formed by the build-up of calcium carbonate which precipitates out of the waters of
artesian springs and by the deposition of sediments transported to the surface by artesian
waters. These springs occur along the southern and western margins of the Great
Artesian Basin from Queensland through northern South Australia. Some are still active,
some are waning in activity due to lowering of water pressure in the Basin from
groundwater use, while others are inactive or extinct. The mound springs are of
historical significance, as they provided a focus for early European settlement, being the
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only permanent source of water in the region. They are also of scientific importance, as
some support rare vegetation and aquatic fauna, while the mechanism of their formation
makes them of geomorphological interest. In addition, as the centre of Kuyani and
Arabana mythology, the mound springs area is also of anthropological and archaeological
significance.

The introduction of cattle and rabbits, and the presence of pastoralists and tourists have
generated grazing and trampling pressures which have resulted in the degradation of
many of the springs. The construction of the borefields will have no direct effects on
mound springs, but pumping will reduce the flows in eight springs, including a 17 to 33%
reduction for Hermit Hill Springs (a mound spring complex with some conservation
significance). Further studies of mound springs and the development of measures to
mitigate the effects on significant mound springs will be conducted in conjunction with
the Department of Environment and Planning's current mound spring survey work and the
Department of Mines and Energy's bore rehabilitation programme.

Other infrastructure

The existing transportation system within the region has sufficient capacity to
accommodate the transport requirements of the Project. The Joint Venturers have
already constructed an all-weather road from Olympic Dam to Pimba on the Stuart
Highway. A rail spur from Pimba to Olympic Dam may be built in the future, subject to
technical and economic review, but is not proposed in this Draft EIS. This spur would
connect the Project to the Trans Australia Railway standard gauge line. Port Adelaide is
the only South Australian sea port with the necessary facilities to service the Project,
although some upgrading of bulk unloading facilities may be required to handle sulphur
and pyrolusite. The existing airstrip at Olympic Dam is adequate for construction
purposes, but a higher standard facility closer to the town will be required during Project
operation. It is anticipated that connection with the national telecommunications
network will be via microwave link from Woomera, to be installed by Telecom Australia.

SOCIAL EFFECTS AND TOWN DESIGN (Chapter 11)
Population, workforce and accommodation

To operate and maintain the Olympic Dam Project at a production level of
150,000 tonnes per annum of copper will require a permanent on-site workforce of
approximately 2,400 people, with a further 700 supporting workers in government and
service industries. This workforce and its dependants are expected to give rise to a total
population of some 8,000 people by the fourth year of operation of the Project,
subsequently rising to 9,000 people at the production capacity contemplated. It is the
Joint Venturers' intention to develop a permanent, comfortable and stable living
environment in a new town at Olympic Dam, to be built some 10 kilometres south of the
operations area. Although initial development will be carried out by the Joint Venturers
under the provisions of the Indenture Agreement, the town will, from its inception, be an
'open town' administered by a municipality.

The forecast structure of the workforce will give the town in its initial years many of
the social characteristics observed in other mining towns, such as a significant
proportion of shift workers, the predominance of one employer, higher median incomes,
and a largely male workforce. Initially, the population of the town is expected to have
high percentages of larger than average sized families, and of people aged from twenty
to forty. There will also be more young children but noticeably fewer teenagers and
elderly people than in established towns. Possibly a quarter of the population of Olympic
Dam may be overseas-born. However, this demographic structure will change as the
town matures.
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The majority of the married workforce is expected to have a preference for detached
houses with gardens, with approximately 1,600 houses being required by the fourth year
of production. In addition, accommodation for 800 single workers will be provided in
units or flats, while caravan park facilities will be provided for a further 150 families.
The climatic characteristics of Olympic Dam will influence housing design, and an
adequate water supply will be required to sustain grassed areas and vegetation which are
important in mitigating the effects of the climate, and in contributing to the creation of
a pleasant town environment.

Town planning and facilities

Social, cultural and recreational facilities will be provided to a level appropriate to a
town of 9,000 people, with due regard to its location. Facilities will include three pre-
schools, three primary schools, one high school, a library, a hospital, State and local
government service and administration centres, commercial facilities, and a wide range
of opportunities for passive and active recreation. Certain of these will be funded by the
State Government under the provisions of the Indenture Agreement. The special needs
of a rapidly growing and relatively isolated community will be catered for, with
community welfare facilities and support services being directed particularly towards
the needs of young families, and the encouragement of the development of self-help
groups.

In the conceptual design of the town, particular attention has been paid to the effects of
climate, and to the preservation of vegetation and sand dunes at the town site. The
layout of the town will facilitate ease of access to the main centre and to local centres,
while maintaining privacy and safety for residents. In anticipation that the town may
continue to develop for a variety of reasons, sufficient land has been reserved at the
town site to accommodate an ultimate population of 30,000.

ECONOMIC EFFECTS (Chapter 12)

The Olympic Dam Project will generate a significant increase in economic activity in
South Australia. The $1,400 million construction expenditure (which excludes interest
and is expressed in December 1981 dollars) is estimated to increase economic output in
the South Australian economy by between $233 million and $638 million each year during
the four-year construction period. Once in production at the proposed capacity, the
annual Project expenditure of $117 million on goods and services is predicted to increase
South Australian economic production by between $88 million and $213 million. The
Project will broaden and strengthen the State's economic base, and is expected to add
between 32 and 43% to the State's present level of export income.

During the construction phase, the Project is forecast to generate an average of
approximately 9,300 to 18,600 jobs, while the production phase is estimated to generate
between 5,700 and 8,300 jobs. However, the total number of new jobs generated in South
Australia will depend ultimately on the ability of the economies of the State and the
Northern Region to meet the Project's demands for goods and services. Clause 12 of the
Indenture Agreement obliges the Joint Venturers, subject to normal commercial
considerations, to utilize South Australian labour and materials as far as practicable.

The Project will contribute considerable royalty and payroll tax revenue to the State
Government. Royalties from the Project have been calculated to average between
$18 million and $28 million per year, while payroll tax payments are estimated at about
$2.4 million for each year of production. Corporate taxation and personal income tax
paid by the on-site construction and production workforce will contribute a significant
amount to the Federal Treasury, while the Project's indirect and induced economic
effects could increase payroll and personal income tax receipts to between three and
seven times that derived from the directly employed workforce.
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CHAPTER ONE

Objective and Background

1.1 OBJECTIVE

The Olympic Dam Project is based on a very large copper-uranium deposit located
approximately 520 km north-north-west of Adelaide, South Australia (Figure 1.1). The
deposit was discovered by Western Mining Corporation Limited (WMC) in 1975. The
Olympic Dam Joint Venture was subsequently formed in July 1979 between Roxby Mining
Corporation Pty Ltd (a subsidiary of WMC), and BP Australia Limited and BP Petroleum
Development Limited (both subsidiaries of British Petroleum), to evaluate and develop
the deposit. Roxby Management Services Pty Ltd (RMS} was established by WMC in
1978, and appointed by the Joint Venturers to manage the Olympic Dam Project on their
behalf under the terms of the Joint Venture Agreement. The principal terms of this
Agreement were approved by both the South Australian and the Commonwealth
Governments.

The deposit is one of the world's major undeveloped mineral resources. A preliminary
estimate indicates that it contains at least 2,000 million tonnes of mineralized material,
with an average grade of about 1.6 % copper, 0.6 kg/t of uranium oxide, and 0.6 g/t of
gold. It also contains recoverable silver and significant amounts of rare earth oxides.
The known mineralization extends over an area of 7 by 4 km, and much of the drilling
over this large area is necessarily widely spaced. The above estimate is therefore not of
sufficient accuracy to represent an ore reserve, but is an indication of the total amount
of mineralization discovered so far. The degree of mineralization is variable throughout
this area. There are locations where drilling results indicate significant tonnages of
mineralization containing approximately twice these average grades of copper, uranium,
and gold, although not necessarily concurrently, Again, drilling densities in these areas
to date are insufficient for estimation of firm ore reserves,

The objective of the Olympic Dam Project is to extract and process the ore on site for
the production and sale of copper, uranium oxide, and the associated gold and silver. The
scale of development will be determined by the final feasibility study yet to be
undertaken. However, the intended capacity for which WMC and BP have provided
special financial relationships under their Joint Venture Agreement is 150,000 t/a of
copper metal and associated products. This is the production capacity which has been
addressed in this Draft Environmental Impact Statement (Draft EIS) and, for the
purposes of this Draft EIS, it is considered to continue for a thirty-year period.
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The following facilities will be required to achieve this production capacity:

. an underground mine to extract approximately 6,500,000 t/a of ore;

. a processing plant on site with an annual production capacity of 150,000 t of copper,
together with 3,000 t of uranium oxide, 3,400 kg of gold, and up to 23,000 kg of
silver;

. associated facilities for the mine and plant, including a tailings retention system,

workshops and other services;

. a town to accommodate up to 9,000 people;

. other infrastructure to service the mine, plant and town, including a 33 ML/d water
supply, a power supply of up to 130 MW, and transportation and communication
facilities.

Figure 1.2 shows the proposed development superimposed upon an aerial photograph of
the Olympic Dam area. A boundary fence delineates the Project Area, which
incorporates the two principal areas of development: the town site in the south, and the
controlled access area containing the main operations areas (the mine shaft, plant and
tailings retention areas). The locations of major infrastructure facilities such as the
airfield and the services corridors are also shown.

The size and nature of the mineralization is considered by the Joint Venturers to justify
a commitment to an expenditure of $100 million in exploration, evaluation, and
feasibility studies. However, commercial development on the scale outlined above would
involve an estimated capital expenditure of $1,400 million {excluding interest, and
expressed in December 1981 dollars). Such a commitment would only be made by the
Joint Venturers in the light of estimates of long-term returns and having regard to the
attendant commercial, financial and technical risks. This evaluation cannot be made
until the final feasibility study is completed.

Following receipt of environmental assessments from both the Commonwealth and State '
Governments, the Joint Venturers will proceed with the final feasibility study. Under
the terms of the Indenture Agreement between the Joint Venturers and the South
Australian Government, this study is required to be completed by 31 December 1984.

The terms of the Indenture Agreement further require the Joint Venturers to notify the
Minister responsible for the administration of the Act ratifying the Indenture of a
decision to proceed with commercial development. This notification must be made
before 31 December 1987. The Minister may, at the request of the Joint Venturers,
extend this date either if the Minister accepts the Joint Venturers' certification that it is
economically impracticable for them to make a commitment to proceed at that time or,
alternatively, if an independent expert confirms such a view. However, the deferment of
a commitment to proceed may not be extended beyond 31 December 1991.

While the Joint Venturers may approach potential buyers of uranium oxide to ascertain
their interest in the purchase of the output of the Project, the Joint Venturers are
prohibited by Commonwealth Government legislation from entering into any detailed
commercial negotiations or commitments for the sale of uranium oxide until
Development Status has been granted by the Commonwealth Government. Such status
cannot be achieved until environmental assessments have been completed by both the
Commonwealth and State authorities.






1.2 PROJECT HISTORY
1961 to 1975

WMC has been exploring South Australia for copper deposits since 1961. In 1972 a
review of regional historical data combined with various geological models led WMC
geologists to focus on the Stuart Shelf. Large scale surveys indicated a number of
coincident gravity and magnetic anomalies, suggesting to them that the Olympic Dam
area warranted further exploration.

Exploration Licence 190 was granted over that area in May 1975 and, by July, the first
drill hole, RD1, had intersected low-grade copper mineralization (approximately 1%)
353 m below the surface. Subsequent analysis showed that the mineralization also
contained minor amounts of uranium and gold.

1976 to 1979

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

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 interest in the Project to Roxby
Mining Corporation Pty Ltd, a wholly owned subsidiary of WMC. Ownership of the
Project is held as follows: Roxby Mining Corporation Pty Ltd 51%, BP Australia Limited
363%, and BP Petroleum Development Limited (a company incorporated in the United
Kingdom) 123 %.

In late 1979 permanent single 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
undertake the evaluation of the Project.

1980 to 1982

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.

The environmental baseline studies, which have provided much of the information used in
this Draft EIS, were commenced in late 1980 and have been continuous since that time.

Exploration Licence 783, which was taken out in 1981, covers the area of exploration
activity of the Joint Venturers. As Figure 1.3 shows, this includes parts of Roxby Downs
and Andamooka Stations. The landing strip and village have been excluded from this
licence and are the subjects of miscellaneous purpose licences. The shaft site and the
existing quarry are included in other leases granted under the Mining Act.

An Indenture Agreement between the Joint Venturers and the South Australian
Government, setting out the terms and conditions of development and production, was
ratified by the South Australian Parliament in June 1982. The principal matters with
which the Indenture Agreement is concerned are:
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. the obligations of 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 Indenture Agreement defines the Joint Venture Area boundary within which the mine
and plant are to be located. However, the town site is located within the Woomera
Prohibited Area which lies to the south and west of the Joint Venture Area boundary. At
the time of writing, negotiations were progressing between the State and Commonwealth
Governments to alter the Woomera Prohibited Area boundary.

1.3 EXISTING FACILITIES AND SITE DEVELOPMENT

Exploration drilling has been continuous since 1975, with a maximum of thirteen diamond
and three percussion drills operating at any one time. Drilling has been on an 800 m grid
to define the limits, shape and geological environment of the deposit, with closer spaced
drilling in areas of greater interest to investigate continuity of mineralization. To the
end of June 1982, more than 300 holes had been drilled.

Work on the Whenan exploration shaft development to the 500 m level will be completed
by October 1982. Ore samples have been extracted for metallurgical pilot studies during
the sinking programme, and further samples will be taken as development progresses.

Equipment and maintenance workshops, drill core sample preparation and storage
facilities, and office buildings have been erected on site, and workforce accommodation
for 300 people has been constructed at Olympic Dam. These accommeodation facilities
currently include single quarters for 160 people, a housing area of sixteen houses, and a

caravan park with thirty-six sites. The village also has a cafeteria, wet canteen and a
supermarket.

Existing development in the Project Area is shown on Figure 1.4, with development
related to the mine shaft area detailed on Figure 1.5.

Infrastructure and services already provided at Olympic Dam include:

. on-site water storage of 2 ML (or thirty days' current use), replenished daily by road
train tankers from Woomera

. 4 MW of power supplied by on-site diesel generators

. an 8 m wide, all-weather, gravelled road connecting to the Stuart Highway at
Pimba, 90 km to the south

. a 1,600 by 90 m unsealed airstrip (constructed to Commonwealth Department of
Transport licensing standards) used by daily charter flights to and from Adelaide and
by scheduled air services.

At the time of preparation of this Draft EIS, the Joint Venturers had expended
$75 million (expressed as present day dollars) in exploration and site development.

1.4 PROJECT TIMING

Feasibility phase

At the time of writing, activity in relation to the Olympic Dam Project was associated
with the preliminary stages of the final feasibility study. Ore reserve drilling for mine
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planning purposes and exploration development from the Whenan Shaft commenced
during 1982. The purposes of the development programme are to provide access to the
mineralization to allow the ore reserve to be confirmed by underground investigation,
and to obtain large ore samples for metallurgical testing.

Metallurgical activity in the feasibility phase will comprise process selection and
off-site testing of ore in order to prove the viability of the selected process. Conceptual
design of the main plant will then be undertaken. The process selected and the results of
off-site tests may indicate the necessity for more substantial on-site pilot testing.
However, this is not at present considered necessary, as the results of tests to date have
indicated generally consistent metallurgical behaviour.

Water will continue to be transported by road tanker from Woomera for the duration of
the feasibility phase, although this may be supplemented by water which has been
transported by road tanker from the Great Artesian Basin and treated in a pilot
desalination plant. In addition, activity will be directed to proving the supply in the
Great Artesian Basin, and to designing the borefields pipelines and a treatment system.
Power will continue to be supplied by on-site diesel generating sets as at present.
Accommeodation will be provided in the present village, which will be extended as
necessary, and final design for the initial stage of the town will be undertaken.

Completion of the final feasibility study will be followed by a period in which marketing
. and financing arrangements will be completed, and evaluation and approval reached by
the Joint Venturers, financiers and government authorities.

Timing of commitment

In addition to the procedural reasons set out in Section 1.1, the timing of commitment to
commercial production and of the rate of production build-up to 150,000 t/a of copper is
dependent on a number of factors.

Firstly, it is not' practical or realistic to assume that this output will be achieved
immediately operations commence. Mining operations must be developed over a
considerable period before design capacity can be achieved. The actual duration will
depend on the outcome of detailed mine planning work, and will be dictated by such
factors as the dimensions of the ore positions immediately available for development,
and the number of positions where such development will be required in order to achieve
the desired mine capacity.

Secondly, for technical, marketing and economic reasons, the detailed feasibility studies
could demonstrate the desirability of establishing the process facilities in a phased
manner, rather than attempting to construct and commission the total capacity at one
time.

An important part of the final feasibility study will therefore be the determination of a
time schedule for mine production and processing throughput, which will necessarily be
strongly influenced by financing and marketing considerations which cannot be assessed
or negotiated until environmental assessments have been completed. The schedule in
Figure 1.6 illustrates the development path presently considered by the Joint Venturers
to represent the most likely sequence of major activities during the construction,
commissioning, and early production years. For the reasons described above, it is
expressed in terms of Project years rather than actual calendar years.

Construction/production phase

Following Project commitment, the final design and construction of the major Project
facilities will commence.
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PROPOSED DEVELOPMENT SCHEDULE

A further programme of underground development will be initiated from the existing
Whenan Shaft. Construction of the decline from the surface will commence as soon as
possible after commitment, and will be completed within approximately thirty months.
The sinking of the second shaft {No. 2 Shaft) will commence after a period of design and
site preparation. Production from the mine will then commence {approximately
four years after commitment), will build up steadily, and could be expected to reach full
production within five years of start-up. This period from start-up to achievement of
full capacity recognizes the time required to undertake the underground mine
development necessary to attain full production levels.

The main metallurgical plant will probably be constructed in two stages. The first stage,
which will occupy two and a half years, will include site works, the first stage of the
copper extraction and recovery circuit, and the uranium extraction and recovery circuit.
The second stage will be completed to coincide with increasing output rates from the
mine.

Final engineering design of the initial water supply will commence after Project
commitment. The ultimate supply of both potable and process water will be the Great
Artesian Basin, with the first pipeline to the Basin and associated facilities being
completed about three years after commitment. Although this is earlier than necessary
for the process supply, potable water will be required for construction personnel and for
the initial town population.

The build-up in construction and mining activities, together with the initial occupation
of the town, will require an additional power supply until such time as the 275 kV line
from Port Augusta is completed. In order to provide this interim supply, a 132 kV
transmission line from Woomera will be constructed.
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1.5 PRODUCTS AND MARKETS
Value of production

At a production rate of 150,000 t/a of copper, 3,000 t/a of uranium oxide (U308),
3,400 kg/a of gold, and 23,000 kg/a of silver, the Olympic Dam Project would rank among
the ten largest copper producers in the world. At these production rates, the annual
value of production could range between $A442 million and $A658 million depending on
the metal prices assumed (Table 1.1).

Table 1.1 Estimated range of annual value of production ($A million)*

. Copper Copper Copper
U304 price $A1,500/t $A2,000/t $A2,500/t
$A25/1b 441.5 516.5 591.5
$A30/1b : 474.5 549.5 624.5
$A35/1b 507.6 582.6 657.6

*  Gold and silver prices are assumed in the table as $A400.00 per ounce ($12,860/kg)
and $A10.00 per ounce ($321.50/kg) respectively, contributing an annual total of
$A51 million to the value of production.

The principal uses and markets for copper and uranium, the Project's major products, are
discussed below.

Copper: use and markets
Copper is commonly marketed and sold as:

. copper concentrate: containing typically 25 to 60% copper in the form of
sulphides. These must be processed further to produce marketable primary copper,
usually by smelting and electrorefining, or by leaching and electrowinning;

blister copper: a relatively impure (approximately 98%) copper, the product of
smelting and converting of copper concentrate. If gold and silver are present in the
concentrate, most will report in the blister copper as valuable impurities. Further
refining is required prior to fabrication and to separate the goid and silver;

electrorefined copper cathode: an almost pure copper product used directly in
fabrication. It is produced by electrically depositing copper from an anode cast
from blister copper onto a cathode;

electrowon copper cathode: generally of a similar quality to electrorefined copper
cathode. It is produced by electrically depositing copper from a leach solution onto
a cathode. This product is in general use for fabrication, with the exception of
certain limited electrical applications.

Gold and silver present in copper concentrate may be recovered by separate treatment
associated with electrowinning of copper. Processing at Olympic Dam will result in
production of either high quality electrowon copper cathodes or blister copper.

The main consumers of copper are the more developed industrial economies. In 1980,
53% of end use consumption was in electrical applications, 21% in general and industrial
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engineering, 12% in building and construction, 11% in the transport industry, and 3% in
other applications. Within each of these sectors, copper and its alloys have a wide
variety of applications. Minor uses include coinage, ordnance and agriculture. About
70% of world copper consumption is as copper metal, with most of the remainder
consumed as alloys, mainly brasses, bronzes and cupro-nickels, with small quantities used
in the manufacture of chemicals,

Copper possesses high electrical and heat conductivity, corrosion resistance, and good °
alloying, rolling and drawing qualities. The main substitutes for copper are aluminium
for power cables, plastic for household water piping, and optical fibres for
talecommunications. Additional substitution is expected to be limited, although
increased efficiency in construction design and transport applications may continue the
trend towards a reduced weight of copper per component unit produced. Extensive
research into the development of new copper alloys is being directed towards retaining
and extending markets, particularly in general engineering applications.

Long-term forecasts of the demand for copper are based on the relationship between
resource use and income. The intensity of use of copper declines as economies mature,
industrial production rises, and efficiency of use increases {Figure 1,7). Forecasts of
industrial production growth over the period to 2000 indicate that growth will average
25 to 30% below the 1951 to 1975 annual rates. The average growth rate of copper
consumption is forecast at 2.6% per annum to the end of the century while the upper and
lower limits for growth rates are forecast to be 3 and 2% respectively.
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Using the figure of 7.3 million tonnes as the average annual refined copper consumption
for the western world from 1978 to 1981, the forecast of copper demand in 1990 is
9.4 million tonnes, and in 1995, 10.7 million tonnes. The incremental consumption is
2.1 million tonnes and 3.4 million tonnes respectively., If mine production is to satisfy
85% of this increment, new mine production required to 1990 is 1.8 million tonnes per
annum, and to 1995, 2.9 million tonnes per annum (assuming no closure of existing
operations). These significant increases in copper demand, plus any loss of production
resulting from closures, must be met by new supply sources and, where feasible, by
expansion of existing operations. The long lead time involved between the discovery of
significant deposits and large-scale commercial production means that the deposits likely
to be developed to satisfy this incremental demand will generally be among those
currently known. The projects likely to be developed first are those which are viable on
the current cost structure of the industry.

Uraniumw: 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 radio-isotopes 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
conventional turbo-generators. Other power stations use coal or hydrocarbon fuels to
provide this heat.

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 concentrate (or
yellowcake) 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 coré of the nuclear power reactor) are manufactured. None
of these activities are presently carried out in Australia.

At the end of 1981, there were 500 nuclear power reactors in operation, under
construction, or on order, in thirty countries (including Communist countries); 272 units
with a total capacity of 153,772 MW were commercially operable. As a comparison, this
is more than seventy-five times the present capacity of the South Australian electricity
generating system. There will be a marked increase in the number of operable nuclear
power reactors over the next three to four years, as units presently at advanced
construction stages are commissioned. Total nuclear generating capacity for all user
countries except the United States has increased steadily. In the latter, total nuclear
generating capacity has declined since 1977-1978, mainly as a result of the cancellation
of units previously on order. These cancellations result principally from decreased
economic growth leading to reduced forecasts of future electricity demand, and from
increased construction costs due to regulatory delays, inflation and high interest rates.

In the United Kingdom, some thirty thermal nuclear power stations have been designed
and constructed, representing almost 500 reactor years of operational experience since
the 1950s. In 1980, the British Government announced a further expansion of the nuclear
power industry, designed to raise the proportion of total electric power generated in the
United Kingdom by nuclear reactors from 20 to 30%.
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Estimates of future nuclear generating capacity and associated uranium demand were
published by the Uranium Institute, London (1981). The Institute's most probable
forecast of uranium requirements of western world countries, together with estimates of
the supply capabilities of existing uranium mines and those under construction, are shown
in Figure 1.8. These forecasts are based on an appraisal of each country's ability to
implement its nuclear power programme. In the case of the United States, it is assumed
that only currently operating and committed reactors will contribute to the forecasts of
total installed capacity by 1995. In other countries new reactor commitments are
expected.

Recent economic conditions of recession, depressed total world energy consumption
growth rates, and lower electricity growth have reduced the level of commitment to, and
resulted in deferment of, both coal and uranium fuelled power stations. Uranium spot
prices have fallen, although consumption is increasing. Some high cost uranium
producers, particularly in the United States, have withdrawn from the industry, while
others have reduced output. Some new mines with favourable cost structures have been
brought into production. Stocks continue to be high, but a balance between western
world consumption and production of uranium is expected to be established during the
mid-1980s.

However, by the late 1980s, the depletion of reserves in existing mines, coupled with
increasing demand as nuclear power capacity continues to expand, will provide
opportunities for competitive new uranium supply capacity to be established.
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1.6 CONSEQUENCES OF NOT PROCEEDING WITH THE PROJECT
The copper market

If the Olympic Dam Project did not proceed, the effect on the copper market would be
minor. Although at a production rate of 150,000 t/a the Project would be a very large
individual producer, this production would still only represent about 2% of western world
copper production. There are a number of other large projects at varying stages of
development throughout the world, many situated in South America (notably in Chile,
Peru and Argentina). Copper production foregone at Olympic Dam would therefore be
replaced by expansions of existing projects, or by the development of new projects.

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

The uranium market

The impact of not proceeding with the Olympic Dam Project would be more significant
on the uranium market. At the expected production rate of 3,000 t/a, Olympic Dam
would represent about 7% of present world production. As with copper, there are a
number of alternative projects awaiting development, particularly in Canada and as a
by-product of gold mining in South Africa. If uranium were not produced at Olympic
Dam, uranium demand would be met by increased output from existing projects or by the
development of new projects.

South Australia has alternative sources of uranium production, but these are not of
sufficient size to be able to replace the uranium production proposed at Olympic Dam by
increasing their planned capacity. There could be some increase in production in mines
elsewhere in Australia which could partly replace Olympic Dam uranium. However, a
significant proportion of the replacement production could occur in the overseas
countries nominated above, and the benefits of development would accrue to these
countries.

The South Australian economy

The economic benefits for South Australia estimated to accrue from the Project are very
substantial and include:

. the creation of between 9,300 and 18,600 new jobs in South Australia during the
construction phase;

. an increase in the total output of the South Australian economy of between
$230 million and $640 million per annum during the construction phase;

. the creation of between 5,700 and 8,330 new permanent jobs in South Australia
during production at Olympic Dam;

. an increase in the total output of the South Australian economy of between
$88 million and $213 million per annum during production;

. receipt by the State of South Australia of between $18 million and $28 million
per annum in royalties from the Project during production;

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

I1-15



. a significant strengthening of the South Australian economic base: the Project will
add a new industry to the State and increase the value of South Australian exports
by between 30 and 40%;

. the development of a major new population centre in the north of the State.

Should the Olympic Dam Project not proceed, these benefits would be lost to the South
Australian economy. Neither the jobs nor the capital would be readily transferred to
other projects or production areas in this State, and there are no alternative
developments with the same potential for employment in South Australia, particularly in
a long-term context. Funds for the Olympic Dam Project will probably come mainly
from overseas sources, and would be dedicated to the development of the specific
resource at Olympic Dam and, thus, not be transferable to other employment creating
projects. These funds would neither compete with, nor be available for, alternative
projects or other domestic purposes in South Australia, as the Olympic Dam Project will
be competing on international financial markets with similar projects in other countries.

1.7 STRUCTURE OF THE REPORT

The structure of this Draft EIS has been derived from consideration of the most
effective way to describe the scale and physical characteristics of the Olympic Dam
Project, and those environmental factors which studies by the Joint Venturers'
consultants have identified as the most relevant in assessing the environmental effects
of the Project.

Major elements of the Project have been broadly categorized as follows:

. surface facilities required for mining and processing
. underground development
. 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 major supply corridors to and from
the site

. accommodation of the workforce
. expenditure of funds and creation of employment opportunities.
The physical elements of the Project are described in detail in Chapter 2.

Subsequent chapters (Chapters 3 to 12) describe the effects of the Project on the
existing environment, with environmental aspects grouped according to their relationship
to major elements of the Project as shown in Table 1.2. Each chapter commences with a
summary, followed by a description of any relevant methodological or other background
information.

Of necessity, the document contains a significant number of technical terms which may
not be familiar to readers, and a glossary of these technical terms has therefore been
included as an appendix. Technical abbreviations used in the document are contained in
a second appendix, while references are brought together as a third appendix,
categorized by the chapter in which they occur. The people involved in the preparation

1-16



of the Draft EIS are listed in a fourth appendix. Additional technical reports used in the
preparation of this Draft EIS have been submitted to the Department of Home Affairs
and Environment, and to the Department of Environment and Planning, and inquiries
relating to this material should be directed to these departments.

Table 1.2 Report structure
. . Environmental Chapter

Major Project element considerations ) number
Surface development . Terrestrial environment 3

. Land use 4

. Aboriginal environment 5
Underground development . Geology ‘I

. Hydrogeology 6

. Seismicity _J
Effluents and emissions . Tailings storage 7

from the development
. Air emissions
. Solid waste

|
oo

. Noise
. Radiation 9
Infrastructure development . Power supply _‘
. Water supply 10
. Other infrastructure J
Community and . Social effects B 11
economic development . Town design _J
. Economic effects 12




—_
-_._\_.___\_‘_‘_\
—_

+ PROJECT AREA
BOUNDARY
FENCE

~— Sealed Roads
Unsealed Roads

——  Water Pipeline

—— Conveyor

——  Fences

=== Transmission Line

Figure 2.1
PROPOSED PROJECT

DEVELOPMENT



CHAPTER TWO

Project Description

2.1 INTRODUCTION

The Olympic Dam Project will be an integrated production complex comprising an
underground mine and associated quarry, a metallurgical treatment plant, workshops,
stores and offices. Support facilities will include a town, power and water supplies,
communication services, and transportation facilities. Development planned for the
Project site is shown in Figure 2.1. This chapter describes the various Project elements
associated with the Project Area and the alternatives which have been considered in the
decision making process.

This chapter commences with a brief summary of the geology of the deposit
(Section 2.2}, as the location and type of mineralization govern the mining and ore
processing methods which will be employed.

Section 2.3 presents the approaches currently favoured for mining the ore.
Approximately 6,500,000t of ore will be mined each year by proven mining methods
including open stoping, room-and-pillar, and post-pillar cut-and-fill. The particular
method used will depend on the varying ore types and geological setting. Access to the
mine will be provided through two shafts and a decline. Ventilation will be provided to
underground workings through the access openings and ventilation raises at a rate of
approximately 2,200 m® of air per second.

Section 2.4 discusses the methods of ore processing which are presently being evaluated,
using ore samples from drill core and from the Whenan Shaft. The plant may use any one
of the methods being considered, or a combination of these, to ensure the most efficient
treatment. All proposed ore treatment methods include a concentrator for grinding and
flotation of ore to produce a sulphide concentrate which will contain most of the copper
from the ore. This concentrate may be roasted, leached and electrowon {(RLE); smelted
and converted (SC); or pressure leached and electrowon (PLE). The SC circuit will
produce blister copper containing gold and silver, while both the leach circuits will
produce electrowon copper cathode with gold/silver bullion as a by-product. Tailings
from the concentrator will be treated to produce uranium oxide by atmospheric leach
(AL) or pressure leach (PL) circuits using sulphuric acid as the leaching agent.

The effluents and emissions resulting from processing the ore are discussed in
Section 2.5. The main component of process waste is the tailings, which will be placed



in a tailings retention system (TRS) by subaerial deposition. A more detailed description
of the TRS is given in Chapter 7. Other sources of wastewater are also identified, as
well as sources of air emissions, solid waste and noise. :

The infrastructure requirements for the Project are discussed in Section 2.6. Water will
be supplied through two pipelines from the Great Artesian Basin at the rate of about
33 ML/d. A portion of this water will be desalinated to provide potable water to the
town, plant, mine and offices. A 132 kV power transmission line will be constructed
from Woomera and a 275 kV line from Port Augusta to provide electrical power to meet
Project needs. Transportation infrastructure will include upgrading the existing road
from Woomera, construction of a new airport near the town, and provision for a possible
rail spur from Pimba.

Section 2.7 describes the general design of the town, to be established about 10 km south
of the plant. It is planned to accommodate approximately 9,000 people initially, and will
be administered by a municipality. Services, including schools, police and fire
protection, social and medical services, and normal public amenities will be provided. A
more detailed description of the town for specific impact assessment purposes is
provided in Chapter 11.

Alternatives considered in relation to the proposed development are presented in
Section 2.8. The option of extracting only copper and precious metals is discussed, as
well as other possible mining methods. Alternative water supplies to that of the Great
Artesian Basin are examined; a comparison is made between the subaerial tailings
deposition method and other methods of deposition which were considered; and there is a
discussion of the range of options considered in town development and in the location of
town sites.

2.2 GEOLOGICAL SUMMARY

The following brief description of the orebody geology and mineralogy is provided, to
indicate the depth of the deposit and the characteristics influencing the mining and ore
processing methods selected. A more detailed description of the geology is provided in
Chapter 6. '

The Olympic Dam copper-uranium-gold deposit occurs beneath flat-lying barren
sedimentary rocks, ranging in thickness from 270 to 370 m. The mineralization consists
of a complex association of fine grained copper sulphide minerals, uranium minerals,
gold, silver, and rare earth minerals, contained in a sequence of coarse grained
sedimentary rocks (breccias) more than 1km thick. Two principal types of
mineralization are present in the breccia sequence:

. Type 1 consists of bornite, chalcopyrite, and pyrite, with associated uranium and
rare earth minerals and gold. The main gangue constituents are hematite, quartz
and sericite, with lesser amounts of fluorite, carbonate and chlorite. Ore zones of
this type range from 30 to 250 m in thickness, are usually flat-lying or gently
dipping, have a wide areal extent, and occur throughout the area of mineralization.

. Type 2 consists of chalcocite and bornite, with associated uranium and rare earth
minerals and gold. The main gangue minerals are hematite and quartz, with lesser
fluorite and minor sericite. Carbonate and chlorite are not present. Ore zones are
much thinner than Type 1 zones, ranging from 5 to 50 m in thickness, and are

» confined to a linear north-west trending zone overlying Type 1 mineralization.

The two photomicrographs presented in Figure 2.2 are typical of the sulphide/uranium
associations for both ore types. As a guide to scale, the area of the top photograph is
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Bornite (pale pink) with rounded inclusions of uraninite (grey) and pyrite (pale yellow) in a quartz,
sericite gangue (top left corner).

Figure 2.2
PHOTOMICROGRAPHS OF SULPHIDE/URANIUM ASSOCIATIONS

20 um




approximately equal to 1/40th the area of the head of a pin, while the area of the sample
in the bottom photograph is about 1/200th of a pin head in size.

2.3 MINING

Proposed surface development for the mine is illustrated on Figure 2.3. The mine access
points (Whenan Shaft, No. 2 Shaft and decline) are shown, as well as the surface
stockpiles for below ore grade material and mullock, the infrastructure connections for
conveyors, rail and road, and the surface support facilities such as workshops, storage
areas and car parks. Approximately 6,500,000 t of ore will be mined each year, on a
basis of three shifts per day, five days per week (for a total of 250 days each year).

2.3.1 Mining method

The method of mining selected for any particular ore zone will be dependent upon the
size of the ore zone, depth, ore grade, geological properties and other factors. Proven
mining methods will be used, and those currently favoured (based on present knowledge
of likely mining conditions) include open stoping, room-and-pillar, and post-pillar cut-
and-fill. An isometric view of the pattern of mineralization and mine development is
given on Figure 2.4, with each of the preferred mining methods shown in its correct
relationship to the size of ore zones. The connection of the mining areas to the mine
access points is also indicated. The applicability of mining methods to ore zone types is
discussed below, together with a general description of each mining method.
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Open stoping

In ore zones thicker than 50 m, an open stoping method with back-fill will probably be
used. Each main ore block will be divided into alternating stope panels and main
transverse pillars, each about 120 m wide. The main transverse pillars will provide
regional ground support while the stope panels are being mined. The panels and main
pillars will each be subdivided into stoping blocks (typically 40 by 40 m), which will run
the full height (up to 120 m) of the mining block as shown in Figure 2.5. The panels and
main pillars will both contain remnant pillars which assist long-term ground support.
These will be extracted by firing explosives in large diameter blast holes once both the
panels and main pillars have been mined and back-filled. Primary stopes will be mined
first and filled, with the secondary stopes then being extracted individually. Following
this, the main pillar panel will be extracted in a similar way to the stoping panel. Mass
blasting will be used wherever possible, to limit the frequency of firing. Ore will be
extracted from the stopes at the drawpoints by diesel or electric load/haul/dump (LHD)
units. The LHD units will dump into ore passes, which will feed the haulage level. Once
a main ore block has been mined, including remnant pillars, extraction level remnants
will be mined to the extent which ground conditions permit.

Stopes will be filled with any one or a combination of quarried or waste rock, quarried
and crushed aggregate, or hydraulic fill with or without cement, depending on extraction
ratios and support requirements. Crushed and screened rock will be delivered to the
main fill passes via conveyor from the quarry stockpile. Rock will be transported by
conveyor or LHD units from the base of the central fill passes to a raise-bored hole in
the exploration level above the stopes, where it will be discharged through the raise into
the stopes. Hydraulic fill will be delivered to the stopes through a pipeline system,

Room-and-pillar

Ore zones which are relatively thin (less than 10 m in thickness) and flat-lying (less than
25° dip) will be mined by room-and-pillar methods illustrated in Figure 2.6. Using this
method, rooms approximately 5 m wide and 5 m high will be driven along the ore strike.
Pillars will be formed by driving breakthroughs between rooms, with the resulting island
pillars being approximately 4 by 6 m. Stoping will utilize mechanized drill jumbos and
conventional blasting techniques.

Ore blocks will normally be developed before production commences, to ensure through-
ventilation. Air will enter the rooms from the access ramp and be passed directly from
the rooms to an exhaust airway.

The room-and-pillar method is to be used for blocks up to 10 m thick. For the blocks
between 5 and 10 m high, the top 5 m of the room will be extracted first so that the top
can be rock bolted to stabilize the roof section if necessary. The floor will then be
benched down to the limit of the ore.

Post-pillar cut-and-fill

For ore blocks between 10 and 25 m thick, mining will typically be by the post-pillar cut-
and-fill method shown in Figure 2.7. Stope development will commence at the base of
the ore block and proceed upwards. The first 6 m above the base of the block will be
mined in a manner similar to the room-and-pillar method. The lower 3 m of the initial
slice will then be filled, and mining will proceed in 3 m high slices. Roof support will be
by island pillars approximately 6 m square, with the actual size depending on rock
mechanics investigations and site experience.

Back-filling allows the vertical progression of the stoping operation, and provides lateral
support for the post-pillars which are formed from the initial island pillars as mining
progresses upwards. Fill will consist of waste rock or quarried rock dumped in the stope
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by truck and spread by bulldozer, and hydraulic fill piped to the stope. The top 0.3 m of
hydraulic fill placed in each lift will be cemented to reduce dilution of ore due to the
presence of fill. Cementing of this top layer will also provide a better working surface
for mobile equipment. Three metres will be left between the fill and the backs of the
stopes at the completion of each fill cycle, to allow room for spreading the fill. Working
on top of the cemented fill, the mining of the ore will proceed upwards to the top of the
ore block.

2.3.2 Access

Three mine access openings are planned (Figureé 2.3 and 2.4). The first of these is the
Whenan Shaft which is currently being developed. It is a 6.5 by 3.5 m vertical shaft with
a possible ultimate depth of 730 m. This shaft is partly lined and shotcreted, and could
be used for ore haulage, for waste rock hoisting (with on-surface facilities to recycle
mullock for underground fill), and for mine servicing.

The second opening will be a decline approximately 3 km long, 7.5 m wide, and 4.5 m
high, with a slope of 11%. This will be developed using either a continuous rock cutting
machine or by conventional means {drill and blast). The base of the decline will join the
internal ramp system, providing access to the various levels of the mine for the transport
of men, equipment and material.

The third mine access opening will be the No. 2 Shaft, which is expected to be a vertical
circular shaft 7.5 m in diameter and 800 m deep, lined with shotcrete. Its main function
will be for ore haulage, using wirerope-guided skips.

Z2.3.3 Ventilation

The mine ventilation system will be designed to meet standards set by all the relevant
statutory authorities in relation to concentrations of radon daughter products, diesel
fumes, blasting fumes, dust, and the maintenance of satisfactory working conditions
underground.

Generally, maximum ventilation efficiencies will be achieved by:

. segmenting the stoping areas into ventilating districts

. back-filling mined out stopes to reduce the potential radon daughter generating
areas (with the general exception of room-and-pillar stopes)

. using a 'once through' ventilation system
. avoiding 'series’ ventilation to ensure that fresh air is supplied to each working place

. limiting the air residence time according to requirements to reduce radon daughter
build-up in the air

. using a push/pull ventilation system for flexibility and to assist in ventilation control
. preventing recirculation of air
. ensuring water is kept away from intake airways wherever possible

. the effective use of water for dust suppression.
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It has been estimated that approximately 2,200 m® /s of air will be required for mine
ventilation. Air will be forced into the mine by intake fans, and drawn through the mine
by exhaust fans {as shown schematically on Figure 2.8). Fans of similar capacity will be
located on top of intake and exhaust raises situated around the perimeter of the orebody.
Generally, air will be downcast on one side of the stoping area and upcast on the opposite
side. The number of fans required will depend on the specific stoping layouts. The
proposed volume circulation of air in the mine will be at least 8 t of air for each tonne of
ore mined.

General design criteria for the ventilation system are as follows:

. air velocity in all transport and personnel

access openings: = 0.5 m/s
. air velocity in ore producing areas (not

including mined out areas which will be

sealed and kept under a negative pressure): = 1 m/s
. air velocity in development ends: = 0.5m/s
. maximum air velocity in horizontal or decline

intake airways where employees travel or work: = 6 m/s
. air velocity in horizontal or decline return

airways: = 4 to 10 m/s
. maximum air velocity in downcast service shaft: = 10 m/s
. air residence time after contact with ore before

reaching return airways: = 15 mins.

All producing (stoping) areas will have through-ventilation. Dead ends, such as headings
being developed, will be ventilated by forcing air through ventilation ducting to the face
being advanced.

Air temperatures increase with depth, due to the geothermal gradient; therefore
refrigeration of air may be required below the 600 m level, especially for large openings
such as crusher stations, workshops, and long development ends.

2.3.4 Transportation

The decline and the Whenan Shaft will provide access for transporting personnel and
materials to and from the mine. Material flow through the mine is shown schematically
in Figure 2.9.

Ore will be hauled from the stopes to ore passes by diesel or electric LHD units. From
the base of the passes, ore will be loaded by chute onto electrically driven ore trains,
diesel or electric trucks, or conveyors, for transport to underground storage bins at the
No. 2 Shaft. A single-level loading station will be situated at each shaft. Ore will be
crushed to a size of less than 200 mm prior to loading into the ore skips for haulage up
the shafts to the surface.

Mullock from the development headings will be trucked directly into the stopes as fill, or

stockpiled on the surface to be reclaimed later for stope fill. Below ore grade material
will be stockpiled on the surface for possible later treatment.
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Mine consumables such as fuel, hydraulic fill, compressed air, and water for underground
use, will be delivered through pipelines from the surface. Fuel receiving tanks will be
located at refuelling bays.

Batch consumables such as explosives and concrete will be transported through the
decline by vehicles specially allocated for these purposes. Articulated personnel carriers
and conventional highway vehicles will be utilized for transporting personnel.

2.3.5 Ground support

Ground support comprises the measures used to provide adequate stability for
underground openings. In general, the Olympic Dam rocks are competent and, based on
evidence from drill cores and the Whenan Shaft development, natural ground conditions
are expected to be good.

Mechanical support

Support for development headings will be provided where required either by rock bolts,
shotcrete or steel sets, timber, or concrete. Operating stope support will be provided by
large regional pillars and cable or rock bolts if necessary. After the adjacent stopes
have been mined and filled, the regional pillars will be mined, with support being
provided by the fill material.

Mine-fill
Fill is required in two of the three mining methods currently favoured (post-pillar cut-
and-fill and open stoping). The room-and-pillar areas will generally remain unfilled, as

the remaining rock pillars will provide any required long-term support.

Available sources of fill are:

. quarried dolomitic limestone

. mullock from underground development
. rejected below ore grade material

. dune sand

. hydraulic fill extracted from plant tailings.

The use of dune sand is not currently favoured because its rounded grain shape and size
distribution are not suitable for a competent fill.

For post-pillar cut-and-fill, the fill used must be able to:
. be graded to form a level surface
. provide the lateral support required for the post-pillars
. provide a sound working floor for the large mobile equipment used
. allow the vertical progress of the mining operation.
These requirements would be satisfied by any of the following materials:
crushed dolomitic limestone
. development mullock
hydraulic fill recovered from plant tailings.
Hydraulic fill may require the addition of some cement to stabilize the working surface.
The open stoping method requires fill which is strong enough to provide regional support

to the mined out area and able to stand vertically as a free face for more than 100 m, to
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ensure that fill does not dilute the ore being extracted alongside. To achieve this, the
fill must not segregate during placement. It is particularly important that any hydraulic
fill used in this method is free draining enough to allow its water content to drain off.
Suitable fill for use with this method would be:

. crushed dolomitic limestone {mullock or below grade material) with cement slurry

. crushed dolomitic limestone (mullock or below grade material) with cemented
hydraulic fill from tailings

. cemented hydraulic fill (if the vertical face is not too high).

The use of cement may be reduced in any of the above fills by replacement with ground
smelter slag or fly ash, both of which exhibit pozzolanic properties.

A test programme to evaluate the suitability of various types of fill for use at Olympic
Dam has been under way since March 1981, and will be continued in order to refine
proposed filling techniques. It is expected that, under favourable conditions, up to 20%
of tailings can be used as mine~fill.

Mullock stockpile

During the development stage of the mine, the mullock or waste rock will be hauled to
the surface {as there is no requirement at that stage for underground fill} and will be
stockpiled in an area to the east of the Whenan Shaft (Figure 2.3). The maximum size of
the mullock stockpile will be about 1 million tonnes, which will occupy an area of
approximately 150 by 150 m to a height of 20 m. The stockpile will not contain any
significant quantities of ore grade material. As mining commences and rock-fill is
required, the mullock will be recycled underground. The stockpile will therefore
progressively diminish until all surface mullock has been used.

2.3.6 Quarry for mine-fill

The mining operation will include a dolomitic limestone quarry to be located
approximately 800 m north of the northern boundary of the tailings storage area
(Figure 2.1). This location has been selected because the dolomitic Andamooka
Limestone is generally close to the surface in this area.

The products of the quarry will have several uses, including:

. mine-fill

. road surfacing material

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

. concrete aggregate for general use.

Total production from the quarry will be about 3,500,000 t/a, with mine-fill constituting
the primary use.

Operating conditions

The limestone quarry will be operated in a conventional manner. Overburden will be
removed by bulldozers and scrapers, with limestone being drilled and blasted, and then
extracted by a conventional truck and shovel operation. It is expected that some quarry
operations will be carried out on a three shift per day basis while others, such as
overburden removal, will be undertaken on a more intermittent basis. The distance from
the quarry to the northern boundary of the town site is about 15 km. The attenuation
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provided by this distance, together with the intermittent nature of blasting, will prevent
guarry operations from becoming a noise nuisance in residential areas. Further details of
noise emissions are given in Chapter 8.

Rehabilitation

Rehabilitation of the quarry will be undertaken on a progressive basis as part of the
environmental management programme required under Clause 11 of the Indenture
Agreement. The batters at the quarry edge will be broken down and overburden will be
respread and lightly ripped to provide seed traps, with some contouring if necessary to
avoid erosion. Regeneration is expected to occur naturally, although reseeding of
certain areas using indigenous seed stock may be necessary to aid natural revegetation.

2.3.7 Below ore grade material stockpile

In an underground mining operation, extensive surface stockpiling of material is not
necessary. While some material which must be brought to the surface during the initial
development period will be of sub-economic grade mineralized material, this stockpile
will remain small as, during production, most material will be readily classified either as
waste or as treatable ore. It is expected that about 150,000 to 200,000 t of this material
will be stockpiled, which will occupy an area of approximately 60 by 60 m to a height of
20 m, This stockpile will be sited to the north of the mullock stockpile (Figure 2.3).

The grade of this stockpile will vary from time to time. On an incremental basis, it is
economic to treat any material already mined and hoisted to the surface if its treatment
cost is equal to, or less than, the value of the recoverable metal contained in the ore.
Thus, it is not possible to predict the grade of the stockpile material, as this will be
dependent on the current cost of treatment and on changing metal prices.

Drainage systems will divert surface run-off from surrounding areas away from the
stockpile. Experience with the existing temporary ore storage area has shown that
dusting of stockpiles does not occur. Even on reclaim, little dust is generated, due to the
cementation which occurs in the stacked ore. Radon release is not expected to be a
problem, as measurements made above the present ore stockpile (even in still air
conditions) show only background radon levels, Nevertheless, conservative assumptions
have been made in assessing emissions from stockpiles (Chapter 9).

The ore has a low sulphur content (in the order of 2%) and the sulphides are generally
non-reactive in arid environments., It is not expected, therefore, that the stockpiles
containing mineralized material will generate acidic run-off, and this expectation has
been confirmed by experience with the present temporary ore stockpiles. The stockpiles
will be bunded, however, to contain any particulates which might be washed off hy rain.

2.4 ORE PROCESSING

Ore will be hoisted to the surface and transported to the metallurgical plant for
treatment. The main components of the plant will be the concentrator, the concentrate
processing circuit and the flotation tailings processing circuit, all of which will operate
nominally for twenty-four hours per day every day of the year. Ore comminution and
flotation cells in the concentrator will produce a bulk sulphide concentrate containing in
excess of 90% of the copper and 70% of the precious metals. The flotation tailings will
contain the bulk of the uranium.

Several methods of treatment are being considered for concentrate and flotation tailings
processing. As shown on Figure 2.10, concentrates may be processed by one of three
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methods: roasting, leaching and electrowinning (RLE); smelting and converting (SC); or
pressure leaching and electrowinning (PLE). In the RLE and PLE options, high purity
copper cathode is produced, with the residue from the concentrate leaching process
being processed further by cyanidation and electrowinning to produce gold/silver bullion.
In the SC option, blister copper is produced containing the gold and silver as valuable
impurities.

Flotation tailings may be processed by atmospheric leaching (AL) or pressure leaching
(PL) to extract the uranium. The principal difference between these options is in the
conditions under which the uranium is leached from the flotation tailings. Subsequent
processing steps of countercurrent decantation, solvent extraction and stripping, and
precipitation and calcining are common to both options.

It should also be noted that in the PLE option for concentrate processing, the flotation
tailings are added to the leached concentrate for a combined atmospheric or pressure
leach. After countercurrent decantation, uranium solvent extraction and stripping then
occurs, following which the pregnant solution containing uranium is passed through a
precipitation and calcining step. The copper contained in the raffinate (barren solution
from uranium extraction) passes through a solvent extraction and stripping step for
copper followed by electrowinning to copper cathode.

Layouts for the plant area for these different processing options are shown on Figures
2.11, 2.12 and 2.13.
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2.4.1 Ore handling

Ore which has been hoisted to the surface will be dumped into a surge bin before
transportation to the plant. This ore will be moist from dust suppression measures used
underground, and the surface conveyor system will also be covered to prevent ore dust
from being blown from ithe conveyor. Transfer points will either be enclosed or have
dust suppression devices such as water sprays or negative-pressure dust collectors.

Material which has been extracted during mine development will be temporarily stored
on the surface. Mineralized material which is below ore grade will be stockpiled
separately on the surface, and may either be processed at some later date by blending
with higher grade ore, or used as mine-~fill.

In the event of mine-to-plant conveyor failure, the mine shaft surge bin will be capable
of containing approximately one hour's production. Once this bin is full, ore will be
diverted to an ore storage pad for temporary storage. Ore will be reclaimed from the
temporary storage pad by front-end loader, and either transported to the plant by truck
or loaded back into the shaft surge bin. About three days' storage capacity will be
maintained at the plant in covered live ore storage bins.

2.4.2 Concentrator

A schematic diagram of the concentrator operations, setting out the comminution and
flotation processes, is shown on Figure 2.14.

Comminution

Ore crushed underground to less than 200 mm will be reduced to the fine size required
for flotation separation (less than 75 um) by conventional methods, including crushing
and screening, autogenous or semi-autogenous grinding, ball milling and/or pebble
milling.

Feed conveyors will receive ore from storage bins and deliver it to the primary grinding
mill feed chute. The conveyors will be enclosed or covered, and dust collection or dust
suppression devices will be installed at transfer points. Recycled process water will also
be added to the mill feed, creating a slurry of 68 to 75% solids.

Present planning is based on a two-stage grinding process. The ore will be ground
initially in semi-autogenous grinding (SAG) mills. Steel balls (approximately 75 mm in
diameter) may be added to these mills to allow efficient use of energy and to ensure the
necessary grinding capacity. The secondary grinding mills (ball mills) will operate in
closed circuit with hydrocyclones to separate a minus 75 um (200 Tyler mesh) product.
Oversize (cyclone underflow) will be returned to the mill feed, while minus 75 ym ore
will be fed to the flotation circuit as a slurry containing approximately 30% solids.

Flotation

A conventional flotation circuit will be used consisting of rougher cells and two-stage
cleaner cells collecting all sulphides to produce a bulk sulphide concentrate.

Collectors including sodium ethyl xanthate and/or sodium dithiophosphate will be added
to the flotation feed slurry to create hydrophobic sulphides. A mixture of methyl
isobutyl carbinol and a polyglycol will be added as frother. Collectors and frothers will
be diluted with water to a 1% solution and then added to the system at the rate of about
0.025 and 0.05 kg/t of ore respectively.

Parallel trains of rougher cells will provide the first stage of separation of sulphides
from gangue minerals. The sulphides as concentrate will be passed for further upgrading
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to cleaner and recleaner cells. The gangue minerals as tails from the rougher cells will
pass to the scavenger cells, where additional collectors will be added. The scavenger
concentrate will then be returned to the distributor. The scavenger tails will pass to a
thickener for dewatering to 60% solids before passing to the flotation tailings processing
circuit for extraction of uranium. Water removed in thickening will be recycled to the
grinding section.

Concentrates from the rougher cells may be reground in a separate ball mill before
passing to the cleaner and recleaner cells. Final concentrate from the recleaner cells
will be thickened and transported to storage within the concentrate processing circuit.
Make-up water will be added to the concentrator circuit to balance water removed from
that circuit in the thickened concentrate and flotation tailings.

2.4.3 Concentrate processing

The concentrate processing circuit will treat flotation concentrate to produce copper,
gold and silver. The three methods being considered for use at the plant are detailed
below. Metallurgical pilot studies are presently under way to determine the most
efficient method of ore treatment, and the final plant design may use any one or a
combination of RLE, PLE or SC treatment methods. For the RLE and PLE options, an
additional processing circuit for recovery of precious metals by cyanidation would be
required.

Roasting, leaching and electrowinning
Process flow for the roast/leach/electrowin (RLE) circuit is shown on Figure 2.15.

Using this method, concentrate would be transferred to the RLE circuit as a thickened
slurry at about 60% solids, either directly from the concentrator or from the repulping of
concentrates held in storage. The slurry would be fed from a surge tank into a fluid bed
roaster operating at about 700°C to produce a copper oxide/copper sulphate calcine.
The roast would be autogenous with the addition of fuel only being necessary for
start-up. Off-gas from the roaster would pass through a gas clean-up system (including
a cyclone, wet gas scrubber and electrostatic precipitator) to remove particulates, prior
to the cleaned gas being passed to a sulphuric acid plant. A bleed stream from the
scrubbing tower would pass to the calcine leach circuit.

Calcine discharging from the roaster would be quenched in dilute sulphuric acid as the
first part of a two-stage countercurrent leach dissolving both copper and any contained
uranium. The main supply of acid would come from the barren solution (raffinate) from
the copper solvent extraction step. Copper leach residues would be filtered and washed,
before passing to a cyanidation section for the recovery of precious metals. The copper
containing leach solutions (liquor overflow) would be conditioned, clarified and filtered
to remove any suspended solids, which would be returned to the leach circuit.

The clarified copper-containing solution would pass to solvent extraction (SX) where
copper would be transferred to an immiscible organic phase. Raffinate would be
returned to the copper leaching circuit., The copper would be stripped from the organic
phase by strongly acidic spent electrolyte from the tankhouse. The copper-rich
(pregnant) electrolyte would return to the electrowinning tankhouse for the production of
high purity copper cathecde.

Lead anodes and copper cathodes would be used, with the copper from the solution being
electroplated out of the acid solution onto the copper cathodes. Voltage across the
electrolyte would be 2 to 2.5 V. Electricity consumption in electrowinning would be
approximately 2,700 kWh/t of copper produced. Cathodes would be lifted from the tank,
washed, and stored for transport.
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About 1.5t of acid would be generated in the electrolyte for each tonme of copper
produced, and would be made available to the tailings uranium leach section via a bleed
of raffinate from the copper SX section. This bleed stream would also transfer uranium
taken into solution in the copper section to the tailings uranium leach section.

Roaster off-gases containing up to 7% sulphur dioxide (SO,) would pass through a gas
cleaning train to a contact type sulphuric acid plant, which would produce concentrated
sulphuric acid for use in the tailings uranium leach section. Some quantity of acid may
also be purchased. The gas cleaning train is designed to prevent chemical poisoning and
physical blockage of acid plant catalyst beds and to reduce mist emissions from the acid
plant stack. It would consist of wet scrubbing towers coupled with gas coolers and
electrostatic mist precipitators.

Cleaned gas would pass to a drying tower, where residual moisture would be removed by
a circulating strong sulphuric acid spray system, before being heated and forced through
a multiple tray catalytic converter using a booster blower. In the converter, the SO,
and oxygen contents of the gas would be combined to form sulphur trioxide (§O,). This
is an exothermic reaction and gas strengths would be high enough to maintain
autothermal operation, where heat removed from the converter outlet gas is used to
preheat new feed gas from the drying tower. Water absorbed in the acid drying tower
would necessitate an acid bleed, which is used in the final absorption tower to absorb
SO;, producing new strong sulphuric acid. Water, fumes and solids removed in the gas
cleaning train would be returned to the copper leach circuit. Stack emissions would
consist of nitrogen and traces of sulphur oxides.

If sufficient acid for leaching operations is not produced from roaster off-gases and
electrowinning, then a supplementary source of acid would be used. Acid may be
transported to the site or produced on site by burning elemental sulphur with the gases
going to the acid plant. Metallurgical studies conducted on ore from the Whenan Shaft
will determine the amount of imported sulphur, if any, which would be required.

Pressure leaching and electrowinning

Process flow for the concentrate pressure leach/electrowin (PLE) circuit is shown in
Figure 2.16. By comparison with the RLE process route in which sulphide concentrates
would be converted to a soluble form by roasting, in the pressure leach route copper
sulphides would be rendered soluble by leaching at 220°C in acid solutions with oxygen
present.

Thickened concentrates would be pumped at high pressure through a heat exchanger to a
primary autoclave. Gases evolved from the primary autoclave, carbon dioxide (CO,) and
hydrogen fluoride {HF), would be scrubbed with the scrub liquor returned to the tailings
leach circuit. Slurry from the primary autoclave would pass to multi-stage secondary
autoclaves to complete the extraction of copper, with an oxygen stream flowing
countercurrent to the solids. Slurry from the final autoclave would pass through the heat
exchanger to transfer some of its heat content to the incoming stream of new feed. The
slurry would pass through a system of let down chokes and flash tanks to reduce
temperature and pressure before being discharged into a thickener.

Thickener underflow (the residue from the leach) would be filtered, washed, and passed
to the cyanidation section for the recovery of precious metals. Thickener overflow,
containing copper and some uranium in solution, would pass to the flotation tailings
uranium leach section where the copper and uranium would be recovered by separate
solvent extraction (SX) circuits.

The copper SX circuit would be similar to that described under RLE, with the final

product being high purity copper cathode. The uranium SX circuit would be similar to
that described under tailings processing, with the final product being yellowcake.
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From the concentrate pressure leach part of the circuit, the sulphur content of the
sulphide concentrates would be converted in the autoclaves into sulphuric acid as part of
the high pressure leach under oxygen. This acid would then be transferred to the tailings
uranium leach section. Acid requirements additional to that generated in the pressure
leach would be either transported to the site or produced by burning elemental sulphur
and passing the SO, so produced through a contact acid plant. The operation of the acid
plant would be similar to that described for the RLE option.

Cyanidation

Process flow for the gold circuit to obtain precicus metals by cyanidation is shown on
Figure 2.17. The circuit would be similar for residues from the RLE or PLE concentrate
processing circuits.

Washed leach residues would be pumped to the cyanidation plant, where they would be
neutralized with lime and ground in closed circuit with a cyclone for size control. The
ground slurry would be leached in a dilute cyanide solution {0.05% sodium cyanide) in a
series of aerated agitated leach tanks to dissolve precious metals.

The dissolved metals would be recovered from solution using the carbon-in-pulp (CIP)
process. In this process the leached slurry would be mixed with powdered activated
charcoal which selectively adsorbs the precious metals from solution. The charcoal
would be of a slightly coarser size than the slurry particles, and would be screened from
the slurry when it became sufficiently loaded with gold and silver. The flow of charcoal
would be countercurrent to the flow of slurry.

The tailing slurry from which the charcoal has been removed would still contain liquor
with dissolved sodium cyanide. This liquor would be separated from the residue solids
using vacuum wash filters and returned to the gold mill circuit as make-up water. The
washed solids would contain trace amounts of combined cyanides which would be
destroyed when they were pumped to the uranium leach circuit tailings sump.

Loaded charcoal would be stripped of gold and silver, using hot alkaline cyanide solution,
and the solution would be circulated through the charcocal stripping tank (or elution tank)
in series with an electrowinning cell. Gold and silver would plate out on the cell
cathodes, and the metals would be recovered from the cathodes either by replating in an
additional electrolytic cell or by fire refining. The stripped charcoal would be
reactivated by heating in a rotary kiln and would then be recycled to the CIP adsorption
circuit,

Smelting and converting
Process flow for smelting and converting (SC) of concentrate is shown in Figure 2.18.

Concentrate from the flotation circuit would be thickened, filtered and stored.
Reclaimed filter cake would be transferred to the furnace building, where it would be
mixed with flux (ground silica) and then dried in oil-fired fluid bed dryers. Entrained dry
concentrate would be removed from the dryer off-gas stream in a multi-stage gas
cleaning system.

Elemental sulphur would be added to the concentrate-flux blend to achieve autogenous
smelting and process control, and the mixture would be delivered to a flash furnace.
Using the flash smelting process, air enriched with oxygen would be injected with dry
concentrates in the burners, providing the correct combustion conditions.

During start-up, oil burners would be required to heat and charge the furnace, but during

normal operations smelting would be autogenous and no external heat would be required.
At smelting temperature (1,200°C), copper minerals would be partially oxidized to form
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copper sulphide (Cu, S) which, with iron sulphides, would form matte, a mixture of Cu, S
and ferrous sulphide (FeS). Excess iron from pyrite and copper minerals would be
oxidized to form ferrous oxide {FeQ) which would react with silica to form a slag.

Slag and matte are almost immiscible as liquids during smelting, with the slag layer
floating on the matte. Matte and slag would be drawn off periodically to maintain near
constant levels of both components in the furnace. Slag from the furnace would be
tapped into large ladles for cooling, while matte would be transferred by large ladles to
converters,

Off-gas from the furnace would contain SO,. Before delivery to the sulphuric acid
plant, the gases would be cocled from about 1,200 9C to 315 °C in a waste heat boiler,
and cleaned in a hot electrostatic precipitator. Dust removed from the gas stream would
be recycled to the furnace. Steam from the waste heat boiler would be used in the
uranium leach circuit. The cleaned gas would pass to a contact sulphuric acid plant
similar to that described for the RLE process for concentrates.

The purpose of converting is to remove iron, sulphur and other impurities from maitte,
producing blister copper which contains approximately 98.5% copper. Converting would
be carried out in cylindrical Pierce-Smith converters, typically 4 m in diameter by 9.2 m
in length. Molten matte would be transferred by ladle after tapping from the furnace,
and charged into the mouth of the converter which would be tilted forward to receive
the matte. Conversion to blister copper would be a two-step operation: first, slag-
forming to remove iron, and then oxidation to remove sulphur.

The slag-forming stage would be accomplished by adding silica flux and blowing air
through the converter. This oxidizes FeS in the matte to form FeO which reacts with
silica to form a slag, which would be periodically discharged through the converter
mouth into a slag ladle.

After slag removal, the converter would be recharged with matte and the process
repeated until the remaining matte was of sufficient quantity for the oxidation stage.
The converter slag would be returned to the flash furnace. During oxidation, air would
be blown through the charge until the matte had been nearly completely oxidized to
copper.

By tilting the converter, the copper would be poured into a ladle from which it would be
cast into slabs, cooled, and stored for transport as blister copper. Precious metals
including gold and silver would be contained in the copper matte and would comprise
some of the impurities associated with blister copper. Further refining would be
required to remove and recover these metals, and to purify the copper prior to use in
fabrication.

Slag from the furnace would contain significant amounts of copper and any minor
amounts of uranium associated with the concentrates. The slag would be cooled slowly,
to promote the growth of copper bearing crystals in the slag. After the slag had
solidified, it would be removed from the ladle, further cooled, broken up, crushed, and
the copper content recovered by flotation in a separate circuit. Slag concentrates would
be added to the concentrate from the primary flotation circuit prior to thickening and
filtering and then returned to the furnace. Tailings from slag flotation may be used as
mine-fill or, alternatively, pumped to the TRS. A possible future option for some of this
slag to be treated to recover uranium is being investigated.

Off-gas from the converter would be cooled to about 300°C, cleaned by an electrostatic
precipitator, and transferred to the acid plant. Under some conditions, oxygen
enrichment of the converter air to 23 to 25% O, may be practised, increasing the SO,
content of the off-gas. The converter hood would be designed to provide adequate
tightness to maintain SO, concentration at about 4.5% or greater with no oxygen
enrichment.
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2.4.4 Flotation tailings processing

Tailings from the flotation circuit would be thickened to about 60% solids, with excess
water being returned to the grinding section of the concentrator. The thickened tailings
would be leached with sulphuric acid either by atmospheric leaching (AL) or pressure
leaching (PL) to dissolve the uranium and that part of the copper minerals not collected
by flotation.

Atmospheric leaching

Process flow for atmospheric leaching is shown on Figure 2.19, with plant layout for
atmospheric leaching being shown on Figures 2.11 to 2.13.

Atmospheric leaching would be carried out in one or possibly two stages, in rubber-lined
agitated leach vessels at approximately 60°C for sixteen to twenty-four hours.
Manganese dioxide (MnO,) as pyrolusite would be added to aid in the dissolution of the
uranium, approximately 90% of which would be extracted during the leach. Slurry
discharge (or hot leached pulp) would be combined and washed by a countercurrent
decantation (CCD) circuit consisting of several thickeners in series. Flocculant would be
used to enhance the settling characteristics of the solids.

A rake mechanism would move the settled solids in each thickener to a withdrawal point,
for pumping to the next thickener. Underflow from the last CCD unit would be the final
residue, and would be pumped to the TRS. Raffinate from the uranium solvent
extraction section would be used as new wash solution on the final CCD unit, while
thickener overflows would advance countercurrent to the solids,

Overflow from the interstage leach thickener would be clarified to limit entrained solids
and sent to the SX plant, Here the uranium containing feed solution would be mixed with
an organic solvent having a high selectivity for uranium ions. Mixer/settlers would be
used in series for the transfer of the uranium to the organic phase.

Following solvent extraction, the raffinate would be recycled as the wash stream to the
last thickener in the CCD circuit.

The uranium-rich loaded organic liquid would be washed in a separate mixer/settler to
remove entrained solids, then stripped using acidified sodium chloride/ammonium
sulphate. The stripping solution would then be mixed with the pregnant organic solution
to transfer uranium from the organic phase to the strip liquor. The solutions would be
settled, with the barren organic solution being recycled to the extraction circuit and the
strip liquor being pumped to the precipitation circuit.

Ammonia would be added to the strip liquor causing the uranium to be precipitated as
ammonium diuranate (ADU) The precipitate would be thickened and fed to a calciner
operating at about 600°C to oxidize the ADU to uranium oxide (U; Oy). This product
would be discharged to a bin prior to drumming. Drumming will be fully automated
within an enclosed booth. The walls, floors and ceilings of the booth will be smooth to
facilitate cleaning. Drums of yellowcake will be stored in a separate secure storage area
prior to shipment from the site.

Combustion gases from the calciner would be scrubbed prior to discharge to the
atmosphere, and the liquor from the wet scrubber would then be returned to the uranium
solvent extraction circuit.

Pressure leaching

Process flow for tailings pressure leaching is shown in Figure 2.20. Plant layout for
pressure leaching would be similar to that for atmospheric leaching, except that the
primary leach tanks would be replaced by multi-stage autoclaves.
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In this process, the feed material (flotation tailings thickened to 60% solids, which
contain most of the uranium and a small amount of copper) would be delivered into the
primary uranium leach, which is an agitated repulp tank. Here it would be mixed with
countercurrent solution containing acid, dissolved uranium and copper from the
secondary pressure leach circuit. The resultant diluted slurry would be fed to the
primary atmospheric acid leach circuit in which acid released in the secondary leach
would be utilized and some uranium would be extracted. The output from the primary
leach would be thickened with the solids being pumped to the secondary pressure leach.
The primary leach solution {or pregnant solution) would be pumped to the clarification
section to prepare it for uranium extraction.

The thickened solids from the primary leach, after addition of further acid, would be
passed through a slurry-to-slurry heat exchanger, the heat being transferred from the
slurry discharging from the secondary leach circuit to the incoming slurry stream. The
heated slurry would pass first through a preleach vessel. The gases evolved during
leaching (CO, and HF) would be vented to a wet scrubber with subsequent discharge of
the CO, to the atmosphere.

The slurry discharge from the preleach vessel would then pass through multi-stage
autoclaves with countercurrent flow of air or oxygen. Discharge from the final
autoclave would be passed through the heat exchanger and then let down in pressure and
temperature through a choke and flash tank system discharging to the multi-stage
countercurrent decantation system. The CCD washing of leach discharge slurry and
treatment of pregnant leach solution by clarification, solvent extraction, precipitation
and ADU calcination would be the same for both the PL and AL process methods.

2.4.5 Metallurgical analytical services

Sample preparation will be in a well ventilated facility with all off-gases being cleaned
in a high efficiency dust collector. All drying and laboratory digestion operations will
also be well ventilated, with the off-gases being cleaned in a high efficiency wet
scrubber before being vented to the atmosphere. Scrubber effluent and all liquid and
solid residues from the laboratory will be combined and pumped to the uranium leach
tailings sump for transfer to the TRS.

2.5 EFFLUENTS AND EMISSIONS

The main sources of air emissions and wastewater effluents associated with ore
processing are identified on Figures 2.14 to 2.20. These emissions are summarized
below, together with brief descriptions of solid wastes and noise emissions. Industrial
safety aspects relating to emissions and other occupational hazards are also discussed.
The details relevant to the assessment of impact, including likely quantities of emissions
and their relevant physical and chemical characteristics, are provided in relation to
tailings in Chapter 7, and in relation to other emissions in Chapter 8. A detailed
discussion of radioactive emissions is provided in Chapter 9.

2.5.1 Tailings containment

Tailings retention system

The tailings retention system (TRS) will comprise a tailings storage facility with a
decant system, and a decanted liquor evaporation pond. It will be sited in the tailings
retention area, approximately 3 km north-west of the plant area (Figure 2.1}. The
tailings storage facility, occupying an area of 400 ha, will provide permanent storage for

the tailings.
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An adjacent evaporation pond will be used for the evaporation of decanted tailings liquor
during the life of the Project, and will be removed at the end of the operation. This will
cover approximately 50 ha, and will be lined with a synthetic membrane.

The tailings storage facility will be square in plan, and divided by two transverse
embankments creating four separate bays of equal area. All embankments will be
constructed from the local swale and sand dune materials. A concrete decant structure
will be located in the centre of the facility to decant tailings liquor from all four bays.
The tailings storage facility and decant structure will initially be constructed to a height
of 10 m. As additional storage capacity is required, the embankments and decant
structure will be raised in 5 m increments to achieve a total height of 30 m after thirty
years of operation.

TRS operation

The tailings will be discharged into the storage using the subaerial deposition method.
They will be deposited in thin layers in the four separate storage areas on a cyclical
basis, with the cycle times calculated to permit the reduction of the moisture content of
each deposited layer to a predetermined level. At this level, the tailings will be partially
saturated, and will result in the laminated development of a dense high strength mass
retaining sufficient moisture tc effect the necessary radon attenuation. Cycle times can
be varied as required during operations to take account of seasonal variations in
evaporation rates.

Supernatant liquor will be released 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 will be directed to controlled decants, and then
through channels to a centrally located sump, from where it will be pumped to the lined
evaporation pond. Sufficient pumping capacity will be installed in the sump to ensure
that all run-off resulting from a 1 in 200 year 72-hour storm (210 mm) will be removed
from the storage facility within approximately forty days. Cyclical deposition of the
tailings into each of the four separate storage areas will permit total evaporation of any
remaining free standing ligquor.

The stored tailings will not be subject to further consolidation following commissioning,
and at Project completion the exposed tailings surfaces within the TRS will be totally
covered by earth and rock armour.

2.5.2 Emissions to air

Emission levels of dust, which is the principal emission from the concentrator, will be
low, as the ore from the mine will be moist, and the grinding and flotation circuits will
be wet systems. Dust generated from conveyors to ore storage and grinding mills will be
controlled by covering conveyors, by using water sprays or dust collection at transfer
points, and by enclosing live ore storage bins at the mine and plant.

In the RLE circuit, the major emission will be the tail gas from the acid plant, the
principal pollutant of which will be SO,, with very small amounts of HF. There is also a
strong economic incentive to keep these emissions at low levels. The Joint Venturers
intend to maximize the recovery of SO, in the acid plant as it will provide a significant
source for the production of sulphuric acid. If capture is not maximized, any shortfall
must be made up by importing and burning elemental sulphur. Hydrogen fluoride removal
(as part of precleaning of gases before acid production) is necessary to prevent poisoning
of the catalyst in the sulphur dioxide converter. Minor amounts of acid mist will be
present in the electrowinning tankhouse,
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For the PLE circuit, the tail gas from the acid plant will also be the main emission, with
minor acid mist produced in the electrowinning tankhouse. In addition to these sources,
there will be the gases evolved from the autoclaves used in the pressure leach process.
These gases, containing CO, and HF, will be passed through a wet scrubber and the
liquid effluent returned to the uranium leach circuit.

In the SC option, the furnace fugitive gas collection system and the fluid bed
concentrate dryer will be additional emission sources. Off-gas from the fluid bed dryer
will be passed through a baghouse and electrostatic precipitator. The emissions to the
atmosphere will be SO, and nitrogen oxides, with only minor quantities of particulates
remaining in the emission flow. The dust collected will be returned to the process.
Fugitive dust from the furnace, which will be collected in a high efficiency dust
collection system, will also be returned to the process.

In both the AL and PL circuits for treatment of flotation tailings from the concentrator,
two emissions will be the combustion gases from the calciner and dust from the
yellowcake bin. The combustion gases from the calciner will be passed through a wet
scrubber, with the spent liquor being fed to the uranium solvent extraction circuit. Dust
from the yellowcake bin and yellowcake packaging area will be collected in a baghouse,
and returned to the bin.

For the PL option for flotation tailings, there will be a similar emission from the
autoclaves to that described for the pressure leaching of concentrate. The gases evolved
from the autoclaves will be scrubbed, and the emission to the atmosphere will contain
CO, and HF. The HF emission will be controlled in the same manner as in the pressure
leaching of concentrate.

2.5.3 Wastewater
Wastewater generated by the Project will arise from:
. process wastewater and site laboratory waste;

. saline water from dewatering of the sediments overlying the orebody, water pumped
from the mine (including wash down and drilling water and some seepage from
back-filling operations), and saline groundwater infiltrating into underground
openings;

. sewage from the mine, plant, workshops and offices;

. miscellaneous wastewater arising from such events as equipment washdown, and
pipe breaks and spillage clean-up outside contained sections of the plant, and from
stormwater run-off from roofs, roads, paving, and other surfaces at the mine, plant
and workshop areas.

Process wastewater disposal

For all the process options, nearly all the liquid effluents from individual process
sections will be recycled back to the process, as these effluents will still contain minor
guantities of valuable mineral constituents. The only operational waste streams from
the process options will be the following two from the precious metal recovery circuit:

. the washed solids residue from the CIP adsorption process
. the reject carbon slurry from the recyling of the barren carbon solids.

The washed solids residue will contain trace amounts of combined cyanides. When this
effluent is pumped to the tailing sump of the uranium leach circuit, the residual
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complexed cyanide will decompose by combination with the acidic uranium tailings in a
well ventilated agitated tank before being pumped to the TRS. Minor amounts of
hydrogen cyanide gas will be released in this operation, but experience from equivalent
operations elsewhere indicates that the rate of emission is not likely to create a hazard
to operators.

The reject carbon slurry is an aqueous solution containing carbon particles which are too
fine to be reused in the CIP adsorption process. This slurry is separated from the barren
carbon return flow in a surge tank and diverted to a slop tank. It is then pumped to the
tailings surge tank for storage in the TRS.

Intermittent flushing of tanks will be carried out for maintenance purposes. In addition,
there is the possibility of accidental spillages and pipe breaks within process areas. Each
area within the plant will therefore have a wastewater containment system, to ensure
that wastewater generated from such events will be contained, drained to a sump within
the area, and pumped back into that section of the process.

Mine dewatering and mine wastewater

The sediments overlying the breccia sequence hosting the mineralized area will be
dewatered prior to mining. This highly saline groundwater will be pumped to a separate
clay-lined evaporation basin of 75 ha, adjacent to the TRS (Figure 2.1}). As it will not be
possible to dewater all areas prior to mining, some small inflows can be expected to
continue during operations, and there will also be a minor inflow from the breccia
sequence.

Water will be required during mining for such activities as drilling, washing equipment,
wetting broken ore and placement of hydraulic fill. If the quality of mine water is
suitable, it will be used for process make-up water, although contamination from oil,
sludge and other sources, or the salinity of this wastewater, may preclude this
possibility. If plant reuse of mine water is not possible, it will also be pumped to the
TRS for disposal by evaporation.

Sewage

Sewage flow from principal works areas will be pumped to a site to the west of the plant
(Figure 2.1), where it will undergo conventional treatment. Effluent will be periodically
tested and, if suitable, it will be used for local irrigation. If, however, the water is
contaminated, it will be pumped to the TRS for evaporation. At remote smaller
locations, such as the quarry, borefields, and tailings retention area, septic tanks will be
used for disposal of sewage flow.

Miscellaneous wastewater
Wastewater from events occurring outside a contained section (such as from exterior
pipe breaks and spillage clean-up from roads, and at equipment washdown pads) will be
collected in sumps. From there it will be pumped to the TRS for evaporation.
Stormwater run-off will be collected in an excavated pond and pumped back to the plant
circuit as make-up water.

2.5.4 Solid waste

The mine, processing plant and support facilities will generate small amounts of solid
wastes, including:

. normal office wastes such as paper
. worn out clothing such as overalls, gloves and boots
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. oil drums

. broken metal from equipment

. obsolete pieces of equipment

. workshop waste such as metal cuttings.

These wastes will be separated into contaminated and uncontaminated wastes.
Uncontaminated waste considered salvageable, such as scrap metal, will be sold, while
uncontaminated materials not considered salvageable will be disposed of in the mine
landfill tip, which will be situated adjacent to the tailings storage area. Material which
is considered contaminated will either be decontaminated by washing down where
appropriate, or placed in steel drums. Salvageable material will be sold, and
non-salvageable material will be disposed of in the mine landfill tip.

The waste will be disposed of on a regular basis (probably weekly), and covered with soil.
The South Australian Waste Management Commission Act of 1979 will be taken into
account in the construction and operation of the disposal facility.

2.5.5 Noise sources
The principal noise sources associated with the Project will be:

. the ventilation fans, conveyor belt drives, mine compressors, winder motors and ore
dumping bins associated with the mine;

. grinding mills, pumps, blowers, and motors associated with the processing circuits.
For the smelter option, the converter operation and the burners in the furnace would
be additional sources;

. quarry operations;
. transformer stations;
. traffic.

The Joint Venturers will specify that the noise level from individual items of equipment
must not exceed 85dBA at 1 m. The combined effects of these noise emissions are
discussed in Section 8.4.

2.5.6 Industrial safety aspects of the Project

The Project operations will involve typical occupational risks associated with the mining
and extractive metallurgical industries. All normal State laws apply with respect to the
Joint Venturers' responsibility for controlling these hazards and providing safe systems of
work. Compliance with regulations will be subject to checking by inspectors from the
Department of Mines and Energy, who have the authority to give directives and to order
suspension of operations in the interests of safety or where there is undue impact upon
the environment.

A safety policy statement drawn up by the Joint Venturers will be provided to all new
employees. This policy will provide for specific safety and health related input to all
aspects of design, in conformity with accepted safety standards. These standards are
discussed further in Section 8.4. A specific safety audit is envisaged at the detailed
design stage. The policy also provides for development of employee training programmes
to increase awareness of potential hazards and safety related procedures, and defines
provision of a 'safe system of work' on a day-to-day basis as a line management
responsibility.
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In the mine and metallurgical plant, there are hazards which arise either from acute
exposure or from chronic exposure, and the following is an indicative, but not exhaustive,
listing of sources of hazard:

. Risks from acute exposure:

Rock falls Hot slurries, solutions and equipment surfaces
Mechanical equipment Acid, alkali and cyanide solutions
Electrical equipment Kerosene
Mobile equipment Lime
High pressure air Noxious gases: carbon monoxide, nitrogen
High pressure water oxides, sulphur oxides, and ammonia
High pressure hydraulic fluid Heat stress
High pressure steam Manual handling.

. Risks from chronic exposure:
Noise Inert dust
Silica Process reagents
Solvents Radiation exposure.

Diesel fumes

The ranking of these potential hygiene and safety hazards will differ between the various
areas, and the priorities for control will be responsive to these variations. Protective
measures to provide for safety and contaminant control will be built in at the design
stage. The aim will be to eliminate or reduce to the minimum the necessity for special
protective clothing or respiratory protection for personnel, as general area
environmental acceptability is considered preferable.

The design of the treatment plant will feature safety equipment for personnel
protection. Safety showers and eyewash stations will be provided in all areas where
hazardous chemicals or conditions dictate, and access to hazardous areas will be
restricted. In the areas of ammonia and cyanide storage, self-contained breathing
apparatus will be provided. Particular attention will be paid to layout of clear access
ways and escape routes.

The solvent extraction plants will include major fire protection systems based on
automatic protection of personnel and equipment via deluge cooling sprays. These will
allow an adequate period, with the fire under control, to properly carry out procedures
for extinguishing the fire.

2.6 PROJECT INFRASTRUCTURE

Infrastructure will be developed to meet Project needs for water, power, transportation
and communications during construction and operation. Major corridor development for
water and power transmission is shown on Figure 2.21, To meet transportation demands,
a new airport will be constructed near the town; a rail spur may also be constructed in
the future from Woomera or Pimba, with investigations into design and alignment being
made at a later date. A central services area, containing workshops, storage and support
facilities, will be established within the Project Area.

2.6.1 Power supply

Power supply for the Project will be developed by the Joint Venturers in two stages: a
132 kV line will be constructed from Woomera to supplement on-site generation during
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construction and initial town occupation, while a 275 kV line from Port Augusta will be
built to meet Project needs during production. From the Project switchyard, 66 kV and
11 kV lines will extend to the mine, plant, town, borefields and other installations.

132 kV transmission line

The 132 kV transmission line will commence at a switchyard to be comstructed
approximately 3 km south of Woomera, adjacent to the existing 132 kV line, and will
terminate at the Project switchyard adjacent to the plant. The route selected is clear of
the permanent facilities at Woomera and those proposed at the Project site. The width
of the corridor will be approximately 100 m to accommodate the 132 kV line and the
necessary minimum clearance of 60 m from the 275 kV line from Port Augusta, and will
also contain a 6 m wide service road.

The 132 kV line will be of conventional construction, using lattice towers, and either
steel and concrete stobie poles or reinforced concrete tubular poles. Its capacity will be
adequate for the 30 MW available at Woomera.

275 kV transmission line

The 275 kV transmission line will be constructed from switching facilities at the
Electricity Trust of South Australia's substation near Port Augusta. The preferred route
from this substation parallels the existing 132 kV line to the east of Port Augusta, and
would use the existing service road and corridor to a point about 35 km south-east of
Woomera, just south of Mount Gunson. From there, the existing line veers slightly west
directly towards Woomera. The new line, however, would continue towards the 132 kV
line corridor to Olympic Dam, which it would join at a point 6 km east of Woomera, and
then remain in this corridor until reaching the Project switchyard.

The Indenture Agreement obliges the Electricity Trust of South Australia to make
available to the Joint Venturers up to 150 MW of power.

Stand-by power supply

The provision of two incoming transmission lines provides a degree of security of supply.
However, an emergency power supply will also be provided which could be used in the
event of a total outage of the transmission lines. Essential services to the mine, plant
and town can thus be maintained, ensuring that mining personnel can be brought up from
underground, and that continuous electrical supply is available to critical sections of the
plant. This emergency power will be supplied by gas turbine sets with a total installed
capacity of approximately 30 MW. These sets will be situated adjacent to the Project
switchyard.

2.6.2 Water supply

The Joint Venturers will supply water for the Project from two borefields to be
developed in the Great Artesian Basin. The pipeline route and borefield locations are
detailed in Chapter 10, With the possible exception of some very minor deviations where
necessary to avoid particular features such as isolated higher sand dunes, the pipeline
alignment has been finalized. However, at the time of writing, the final siting of the
individual bores remained to be determined, although it is expected that they would be
within the borefield areas and close to the positions indicated.

During the construction period, about 6 ML/d will be pumped through a pipeline from
Borefield A, approximately 100 km north-east of Olympic Dam. However, as this
borefield cannot supply sufficient quantities of water to meet Project demands during
production {estimated to average about 33 ML/d), Borefield B will be developed
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approximately 50 km north~east of Borefield A. About five bores, spaced at intervals up
to 1,500 m apart, will be developed in Borefield A, and another seven to ten bores spaced
at similar intervals will be developed in Borefield B. Each borefield will be serviced by a
separate pipeline, with both pipelines being parallel from Olympic Dam to Borefield A.
Power for the bores and pumping stations will be supplied through a 66 kV transmission
line from the Olympic Dam substation.

Water demand

The water supply system has been designed to meet projected requirements for the plant,
mine and town. The design will enable daily requirements to be pumped in twenty-two
hours, with evaporation loss resulting from open storages being considered in pipe and
pump design.

Average daily process and potable water requirements during production are indicated in
Table 2.1.

Table 2.1 Average daily water requirements
Process water Potable water

(ML) (ML)
Mine - 1.9
Plant 23.3 -
Central services area - 1.1
Town - 6.5
Total 23.3 2.5
Borefield A

Borefield A will be pumped at an average rate of 6 ML/d over the life of the Project,
meeting water requirements during construction and initial town occupation and
supplementing the water supply during production. Normally, four of the five bores will
be operating at any given time.

Buried pipelines will act as collectors to bring water from the bores to the forwarding
pumping station, which will be located at the near margin of the borefield., It will
consist of an open pump pond and enclosed pumping station, a switchyard, and other
equipment. The pumping station switchyard and pond will be enclosed by a vermin-proof
fence. A booster station localed approximately 50 km from Qlympic Dam will be similar
to the forwarding station, except that the pond will be replaced by an open circular steel
or concrete tank for water balancing.

The underground pipeline from the forwarding station to the Project site will be
approximately 350 mm in diameter. A 6 m gravel service road will be developed parallel
to this pipeline for construction purposes and to provide service access to the borefields
and pumping stations. Allowance will be made for later road expansion to 12 m. Power
for the pumping stations and bores will be provided by an overhead 66 kV transmission
line, commencing at the Olympic Dam substation and parallelling the pipeline for most
of its length. A transformer will reduce voltage to 11 kV at the forwarding station for
distribution to each bore, and individual bores will have transformers for further
reduction to 415 V. A design width of 50 m has been adopted for this corridor, based on
the minimum required to contain these services, to permit construction, and to avoid the
possibility of induced electrical currents in any steel sections of pipelines. However,
disturbance or clearance of vegetation will not be required over the whole width, and
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revegetation will be encouraged except where adjacent to the access road and
transmission lines.

Borefield B

Water will be pumped from Borefield B at a rate of up to 27 ML/d to meet production
demands. Seven to ten bores will be constructed at this borefield, and normally two or
more bores will be kept on stand-by.

Collector lines will be installed, and a forwarding station similar to that at Borefield A
will be constructed. In addition, the forwarding station serving Borefield A will be
equipped with pumps and balancing tank storage capacity to service the additional
pipeline from Borefield B.

The pipeline from Borefield B will be 600 to 800 mm in diameter, and final design
considerations will determine whether this will be placed above or below ground. This
pipeline will parallel the Borefield A pipeline, and then extend north-east to the Marree-
Oodnadatta road and rail alignment. It will follow the trackbed of the railway to a point
6 km west of Alberrie Creek, then branch north-east to Borefield B. Existing trackbed
structures will be used where available for creek crossings. The 66 kV line serving
Borefield A will be extended parallel to the pipeline. The access road will be developed
from Borefield A to the railway, and from there to Borefield B. The Marree to
Oodnadatta road will be used to provide access between Bopeechee and Alberrie Creek.

Water treatment

The water drawn from the borefields is too high in contained salts and fluoride for direct
use as a potable supply, but is suitable for process use without treatment (Table 2.2). A
schematic diagram of storage and treatment facilities at the Project is shown in
Figure 2.22.

Table 2.2 Quality of water from borefields area

Chemical . . NHMRC and
characteristic Borefield A Borefield B AWRC guidelines*
Total solids (mg/L) 2,220-3,700 1,280 -1,950 1,500
Calcium (mg/L) 15-34 3-12 z200
Chloride (mg/L) 135-~-1,000 100 - 480 600

Total iron (mg/L) Up to 1.1 - 1.0
Magnesium (mg/L) 13 - 35 0.4 -11.5 150
Sulphate (mg/L) 50 - 360 5-34 400
Sodium (mg/L) 830-1,250 520 - 700 -

Nitrate (as N) {mg/L} <1 <1 10
Fluoride (mg/L)} 0.7-4.2 3.1-4.0 1.5

Total hardness (mg/L 93 - 230 19 - 66 600
Radium - 226 (mBq/L) 63 26 400

pH 7.1-8.0 7.5-8.1 6.5-9.2

*  Desirable current criteria for quality of drinking water published jointly by the
National Health and Medical Research Council and the Australian Water Resources
Council (Commonwealth of Australia 1980).

Potable water (meeting the standards and requirements of the South Australian Health
Commission) will be obtained by desalination of portion of the incoming borefield water
in a reverse osmosis or electrodialysis plant located adjacent to the raw water storage.
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Brine discharge from this plant will be added to the process supply. These treatment
facilities will be built in stages to meet Project demands, and the higher quality water
from Borefield B will be used for plant feed as soon as it becomes available.

Water storage

Process (raw) water storage: The water pipelines will discharge into a process water
storage to be located about 2 kin east of the plant area (Figure 2.1). This open storage
will contain a minimum of fourteen days' average usage to provide for interruptions to
borefield supply, for fluctuations in demand, and for emergency use. The containment
will be an excavated basin with raised embankments on an existing claypan. Process
water will be pumped directly from this storage to the plant. The desalination feed for
the potable supply will, under normal conditions, come directly from the incoming
pipeline, with emergency feed only coming from the process waler storage.

Potable water storage: A further major storage adjacent to the town will be provided
for potable water supplied from the desalination plant (Figure 2.1). This reservoir will be
of sufficient capacity to cover seasonal fluctuations in demand, permitting the
desalination plant to operate at a near constant rate throughout the year. The storage
will also provide emergency capacity for town and mine requirements in the event of
interruptions to supply from the desalination plant. The probable design for this potable
water storage will be based on that used at WMC's Kambalda nickel mining operations.
This consists of a 'turkey nest' type circular excavation with a cut-and-fill circular
embankment, clay lined, and with rip-rap protection. The Kambalda storage has a
capacity of approximately 180 ML and has been in satisfactory service for about eight
years. An alternative (also in use at Kambalda for about fourteen years) is of similar
construction, but with concrete lining. Perimeter fencing will prevent access by
animals.
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Dust contamination of the potable supply has not been a problem at Kambalda or at
other similar installations situated in comparable climatic zones. It is anticipated that,
with prohibition of grazing and traffic, and with eradication of vermin in the general
area surrounding the storage, vegetation density will increase and dust conditions should
be reduced to a minimum. Any dust settling on the storage would normally form a silt
deposit on the storage floor and would not be disturbed.

2.6.3 Other infrastructure
Roads

The primary means of transporting material to and from the site during construction will
be along the existing roadway from the Stuart Highway, a distance of approximately
90 km. This roadway will be progressively upgraded and sealed by the Highways
Department. Access roads between the town, village, plant, mine and airstrip will also
be sealed to accommodate the anticipated traffic volume (Figure 2.1). Newly
constructed access roads for transmission lines and the pipeline will be surfaced but
unsealed, as will secondary Project Area access roads.

Airfield

The existing east-west airstrip has recently been upgraded to licensed standard.
Development at this site will be limited to the present standard, with the possibility of
light sealing and strip lighting installation to permit continued use through the
construction phase of the Project.

In the longer term, it is probable that the town population and Project activity will
necessitate the provision of a higher standard airfield suited to Fokker F-28 jet aircraft,
although the funding and construction arrangements for this facility have yet to be
finalized. The preferable alignment of the main runway would be north-south. This
would require additional width, length and pavement strengths, and greatly improved
facilities, which could not reasonably be provided at the existing site. The new site,
which is considerably closer to the town site (Figure 2.1), will eliminate extra travelling
and be better suited to the ultimate requirements.

Rail spur

A standard gauge rail spur may be constructed from Woomera or Pimba, with the timing
of this development being dependent on a future economic and technical review.
Corridor provision from the plant area to south of the town site has been made
(Figure 2.1), although the track route from Pimba has not been finally selected.

Communications

At present, Olympic Dam has seven temporary radio link exchange lines to the
Andamooka Exchange, and these will remain (with increases as necessary} during
construction.

The permanent trunk system from Woomera will be established by Telecom for incoming
and outgoing telecommunications. It will connect to a public exchange in the town which
will serve all town telephone installations, as well as connecting to the Project PABX to
be installed in the main administration building.

Boundary fence

The operations area will be enclosed by a 1.8 m high vermin-proof security fence, with
access through a control gate near the office complex (Figure 2.1). The main purpose of
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this controlled access area will be to restrict access of the general public to the mine
and processing area.

The

vermin-proof fence will be extended to enclose the airstrip and town. It will be

constructed to the recommendations of the Department of Agriculture, and will be high
enough to exclude emus, kangaroos and vermin.

2.6.4 Central services area

The size and location of the central services facilities are shown on Figures 2.11 to 2.13,
and include:

Site laboratory: This facility will cater for metallurgical, geological,
environmental and radiation safety analytical requirements. The geological and
environmental section will have a service and research facility covering the full
range of analysis normally required in a major mining operation. The metallurgical
section will provide the normal analytical services required for process control, and
will also incorporate some research capability, while the radiation section will
provide gravimetric and radiometric analyses.

Central workshop complex: This will be equipped for maintenance, fitting and
turning, boilermaking, building services and light vehicle maintenance.

Main store complex: Both open and covered storage will be provided in a storage
compound, the perimeter of which will be separately fenced. Goods will therefore
be able to be delivered without entry to controlled access areas. This complex will
be served by truck traffic during construction and by truck or rail traffic during
operation,

First aid centre: This small casualty centre will have facilities to meet mine
health requirements and regulations. Parking will be available for two ambulances.

Project fire station: This will include provision for two fire engines.

Administration office: Accommodation for approximately 250 administrative,
metallurgical and engineering staff will be provided. Other mining and geological
staff, together with some engineering staff, will be accommodated at the main mine
office at the mine site.

Miscellaneous services: A variety of minor service facilities will be available in
this central area, including change rooms, a bath house and gatehouse.

2.6.5 Resource requirements

Set

out in Table 2.3 are the major resource inputs required for the mine and plant

operations based on current knowledge of the processes to be employed and possible
sources of materials.

In terms of infrastructure inputs, it is impossible at this stage to predict quantities of
materials required during construction, other than to outline the areas in which they will
be required and the types of materials likely to be used. The major areas of activity will
be as follows:
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. access and local roadworks

. transmission line construction from Woomera and Port Augusta, and to the
borefields

. main water supply pipelines from the Great Artesian Basin to Olympic Dam

. local water reticulation and desalination plant

. tailings retention area

. quarry for underground fill and surface works.

Table 2.3 Operational inputs for mine and plant

Approximate
Inputs Expected quantity
source
t/a

For mine:
Support steel South Australia 150
Cement South Australia 65,000
Explosives Australia 3,000
Drill steel Imported &0
Rock bolts and other

miscellaneous steel Australia 5,000

Tyres South Australia/imported 40
Other mine consumables South Australia/Australia 2,000

For plant:
Sulphur Imported 90,000
Manganese dicxide Australia %0,000
Silica sand South Australia 80,000
Salt South Australia 3,200
Grinding balls Australia 13,000
Mill liners Auystralia 2,000
Empty drums (approx. 12,000} South Australia -
Reagents
- 8.X - oxime, amine Imported 600
- Kerosene South Australia 3,500
- Flocculant Imported 600
- Ammonia Australia 3,000

The basic materials required for these construction activities will include:

. aggregate, sand, cement and bitumen

. steel, timber, cladding and other general building materials

. metallurgical process equipment manufactured from steel, rubber and specialized

plastics

. electrical cables (both overhead and underground) manufactured from copper, steel

and aluminium, and electric motors

. piping - asbestos cement, ductile iron, plastic, steel
. instruments, insulators, transformers, and switchgear
. fencing

. office equipment

. communications equipment.
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It is probable that aggregate and sand will be obtained locally. Most of the other items
will be obtained from South Australian suppliers, although certain items of specialized
equipment and materials will necessarily be provided either from elsewhere in Australia
or from overseas.

Requirements of town residents for such items as groceries and consumer goods have not
been quantified.

Energy requirements have been estimated as follows:

. distillate 6 ML/a

. fuel oil 2,500 t/a

. coal 80,000 t/a

. electrical energy 850 x 10° kWh/a.

The following estimates give the approximate quantities of Project outputs {(which will
be principally for export):

. copper 150,000 t/a

. yellowcake 3,000 t/a

. gold 3,400 kg/a

. silver up to 23,000 kg/a.
2.7 TOWN

A permanent on-site workforce of approximately 2,400 people, with a further 700
supporting workers in government and service industries will be required in order to
operate and maintain the Olympic Dam Project at a production level of 150,000 t/a of
copper. This workforce together with its dependants is expected to give rise to a total
population of some 8,000 people by the fourth year of operation of the Project,
subsequently rising to 9,000 people at the production capacity contemplated. It is the
Joint Venturers' intention to develop a permanent, comfortable and stable living
environment in a new town at Olympic Dam. Although initial development will be
carried out by the Joint Venturers under the provisions of the Indenture Agreement, the
town will, from its inception, be under the control of a municipality.

The site of the proposed town is in sand dune and swale country on Roxby Downs Station,
approximately 10 km south of the plant area (Figure 2.1). The town site encompasses an
area of approximately 3,100 ha, which is sufficient to accommodate an ultimate
population of 30,000.

Chapter 11 describes the proposed town in detail, and the policies for its development
and administration. The following is a brief description of the basis for, and scale of, the
proposed town development,

2.7.1 Workforce and population forecasts

The forecast size of the town is derived from estimates of the Project workforce and the
resultant population required for a production level of 150,000 t/a of copper. These
estimates have been developed from studies of workforce characteristics and population
structures of other mining towns in Australia.

The estimated direct Project workforce comprises both Joint Venturers' personnel and

employees of contractors employed by the Joint Venturers. For a Project construction
period of four years, the direct Project workforce is forecast to rise to a peak of about
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3,300 workers in the year prior to the start of production, and will stabilize at around
2,400 when the mine is at full production. The Joint Venturers' workforce is forecast to
rise to about 800 at the start of the year prior to production, then increase sharply to
1,800 at the start of production and stabilize at around 2,200 at full production.
Contractor employment is forecast to rise quickly to around 2,500 during the
construction period and then fall to approximately 250 during the first few years of
production.

These workforce estimates have provided the basis for predicting total population levels
and housing requirements, The permanent workforce will be housed in the town, which is
expected to expand from a population of less than 1,000 in the second year of
construction to about 8,000 in the fourth year of production.

2.7.2 Accommodation

A high standard of family housing, long-stay caravan accommodation and permanent
accommodation for single employees will be provided in the town. The short-term
construction workforce will be accommodated separately in an expansion of the existing
village facilities, and will therefore be living some 7 km from the town. The distribution
of accommodation types assumes that, by production year 4, approximately 6% of the
total population will live in caravans, 10% in single person accommodation, and the
remaining 84% in houses. During the construction phase of the Project, the proportion
requiring single person accommodation will be considerably higher.

No exceptional physical characteristics exist which would prevent normal engineering
and housing construction standards and practices from being applied at the town site.
Particular attention will be paid by the Joint Venturers to matters such as interior
comfort, landscaping, and amenities. Company houses will be insulated in external walls
and ceilings, and provided with suitable shading to minimize summer heat gain. Houses
will have enclosed yards for privacy, and adequate water supplies will be available to
give residents the option of establishing and maintaining lawns, gardens and shade trees.
However, the adoption of garden styles which allow for the low rainfall characteristics
of the region will be encouraged.

2.7.3 Social facility requirements

The social, cultural and recreational facilities to be established at Olympic Dam are
expected to include the range of services and facilities which would be found in most
towns with a population of 9,000 people. The responsibility for the funding of these
facilities will be shared by the Joint Venturers and the State as defined in the Indenture
Agreement. The scope of, and requirements for, those facilities normally provided by
State Government departments and authorities have been determined after consultation
with the relevant authorities. Municipal requirements have been assessed by comparison
with established municipalities, taking into account the particular circumstances which
apply, and provision of these have been agreed upon with the State Government. It is
anticipated that the open town concept will encourage private entrepreneurs to provide
additional facilities. The normal range of Commonwealth Government services can also
be expected to be established as the town develops.

The Indenture Agreement contains provision for the establishment (appropriate to the
town population) of the following facilities:

. schools

. medical and dental facilities

. police station

. kindergarten and pre-school centres
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. local government offices

. library

. auditorium

. works depot

. swimming pool complex

. playing fields and sporting facilities

. fire and ambulance service

. other appropriate community facilities.

In the period of initial occupation of the town, school children will be transported by bus
to Andamooka or Woomera.

Schools and other government buildings and services will be provided to normal standards
applicable in the State. Provision will be made for air-conditioning in schools and
kindergartens, and probably also in community buildings.

2.7.4 Town design

In the conceptual design of the town, particular attention has been paid to mitigating the
effects of climate and to the preservation of vegetation and dunes at the town site.

It is intended that, from inception, the town centre will provide the principal focus, and
at the planned development size of around 9,000 people most of the population will live
within 2 km of this centre. It is envisaged that the growth of facilities and services will
keep pace with the community's requirements, with smaller neighbourhood multi-purpose
centres developing to complement the level of services offered in the town centre.
These neighbourhood centres would probably comprise a cluster of commercial and
community facilities including shops, a pre-school and a primary school.

The land budget of 896 ha to accommodate the needs of a town population of 9,000 also
includes provision for recreation facilities and open space requirements as well as
separate industrial areas and refuse disposal sites. In anticipation that the town may
continue to develop beyond a population of 9,000, sufficient land is available at the town
site to accommodate an ultimate population of 30,000,

2.7.5 Services

Although the site is not prone to water erosion, bared areas are vulnerable to wind
erosion, and this will be taken into account in street design. Streets will be paved and
sealed from kerb to kerb and, where justified by pedestrian traffic, will be provided with
a paved footpath on at least one side. Street verges will be of sufficient width to
accommodate essential services, they will be surfaced to minimize dust, and planted
with street trees where practicable.

The town will be fenced within a buffer zone to prevent access by rabbits and other
herbivores. Particular attention will be given to structural and other land use control
measures to ensure the preservation of an adequate green belt. Harmful land uses such
as trail bike riding will be directed to suitable locations outside the town to prevent
nuisance problems such as vegetation destruction and dust generation.

Planning assumes that a water supply of suitable quality will be available to the town to
meet the following consumption demands:

. mean daily consumption (excluding playing
fields, parks and gardens): 650 L/capita
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. mean daily consumption for maximum month

(1.3 x mean daily consumption): 845 L/capita
. maximum daily consumption (1.8 x mean
daily consumption): 1,170 L/capita.

Reclamation and recycling of sewage effluent and stormwater will provide a
supplementary supply and will be an integral part of the general management of water
resources. Rainfall and run-off design allowances will generally be in accordance with
Australian standards.

The sewerage scheme will consist of gravity reticulation discharging into pump sumps at
the low points of catchments. The pumping stations will discharge into rising mains,
terminating at the treatment works situated at an appropriate distance from developed
areas of the town. Treatment will be by conventional means in either oxidation ponds or
ditches with effluent chlorinated for reuse in irrigation.

Electricity from the town switchyard will be distributed in 11 kV transmission lines to
low voltage transformer locations throughout the town. In general, the Joint Venturers
have a preference for underground reticulation of electricity, subject to final assessment
at the time of development. Reticulation to premises and for street lighting will be to
recognized standards.

2.7.6 Waste management

Town waste disposal will be under the control of the municipality. It is anticipated that
disposal of refuse will be in a sanitary landfill, as this is the most economical and
practical process of waste disposal for the area. The details of the town waste disposal
system will be based on normal practices accepted by State authorities in other towns of
similar size.

The disposal area will be located sufficiently far from the town to avoid adverse
impacts, and it is anticipated that the municipality will manage the landfill to prevent
problems associated with wind-blown refuse and to limit areas providing an open food
source for birds.

2.8 ALTERNATIVES CONSIDERED

Previous sections of this chapter have described various components of the Project and
the proposed development approach. In assessing the various alternatives which exist
for many of these components, the policy of the Joint Venturers has been to consider
alternatives which were perceived as practicable, and then to select a preferred
alternative wherever this could be achieved. Areas where practical alternatives were
considered include:

. metallurgical process routes, with an option of extracting copper only
. mining methods

. tailings disposal methods

. water supply sources

. power generation

. town sites.

In the case of the metallurgical process routes, it has not yet been possible to select a
preferred route, and all the routes which were considered practical have therefore been
assessed. In the case of the other areas, preferred options were selected based on
considerations of economic, engineering, environmental and technological aspects of
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each alternative. The options which were considered, but are not currently favoured,
are discussed below.

Z.8.1 Option for copper extraction only

The uranium minerals are intimately associated with both types of copper sulphide ore in
fine grained matrices (Figure 2.2 and Section 6.1). The deposit does not contain discrete
zones of copper mineralization which can be mined separately from uranium
mineralization, and therefore all ore mined will contain both copper and uranium
minerals. Following mining, selective metallurgical extraction of only copper and
precious metals from the ore is technologically possible, However, this has major
economic drawbacks.

Based on the range of revenues considered in Chapter 1, this option of extracting only
copper would result in a loss of expected revenue of between $A165 million and
$A231 million annually, representing 28 to 46% of total Project revenue. Even given
consequent reductions in operating and capital costs associated with uranium extraction,
the Project would not be viable on this basis. This is because many of the capital and
operating costs are independent of the uranium circuit. If only copper were to be
extracted, there would still be requirements for a similar sized water pipeline,
transmission lines, and town, the capital costs related to the mine would be unchanged,
and the operating costs associated with mining and with the infrastructure components
mentioned above would also remain substantially unaltered.

Based on historical and predicted trends in the selling price of copper, it would not be
economically viable to develop the deposit by extracting only copper and precious metals
from the ore.

2.8.2 Alternative mining methods

With the current knowledge of the orebody, three methods of mining are currently
favoured for use at Olympic Dam. These have been carefully selected and adapted as
appropriate, considering engineering, safety, environmental and economic factors with
respect to the:

. size of the deposit

. shape and location of the deposit

. mineral concentration and value

. physical properties of ore, adjacent rock and overlying strata
. inferred geological structure of the ore blocks.

The following two additional mining methods have also been considered but are not
favoured for the reasons discussed.

Open pit

Mining the deposit by open pit was initially investigated, but the depth to the top of the
ore block closest to the surface and the lack of clear definition of the ore limits suggest
that mining by this method would not be suitable. The cost of overburden removal would
financially disadvantage the Project because of the very large initial capital
expenditures involved, and the lag of several years which would occur before ore could
be extracted. The very large amount of overburden and waste rock would also present a
significant environmental problem as, assuming that overburden could be piled as high as
50 to 60 m, an area in excess of 100 km? would be required for storage. The variable
grade, location and geometry of the ore blocks further indicate that major scheduling
and grade control problems would be incurred.
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Ventilation difficulties would be encountered for a deep open pit in the arid Olyrqpic
Dam area, as inversions would reduce inpit air circulation. In an underground mine,
however, ventilation can be controlled by mechanical means. Also, a greater surfaf:e
area of ore is exposed at one time in an open pit, increasing the radon emanation, while
in an underground operation this can be limited by progressive back-filling.

The open pit method does have some advantages, however. Overall recovery of ore
would increase, and a lower grade of ore could be mined and processed because of the
lower operating costs. Nevertheless, these advantages do not compensate for the
disadvantages, and this method is not currently considered a viable alternative.

Caving

Neither sublevel caving nor block caving are currently favoured as alternative mining
methods, primarily because of the variable grade and location of the ore and the high
strength of the unmineralized rock below the cover sequence. Sublevel caving involves
development of sublevels between, and parallel to, main levels, at distances from 8 to
15 m, leaving an 8 to 12 m column of rock to be fragmented by blasting. As the rock is
blasted, it collapses into the sublevel and is then removed, and the overburden
immediately caves onto the fragmented ore. Block caving is a method whereby
relatively large blocks are undercut and allowed to collapse as ore is removed through
drawpoints at the base of the blocks. Caving is permitted until the ore has been
removed.

While both of these caving methods are possible, each has the following significant
disadvantages:

. mine ventilation would be difficult to control;

. the grade of ore would be significantly diluted by the addition of barren and
subgrade material;

. caving would have to be induced in many places, as ore is frequently overlain by
thick, very strong rock beneath the Tregolana Shale;

. siting of surface facilities would be difficult, because of the lateral extent of the
ore, and the surface effects of the caving operation;

. currently uneconomic mineralization (which may later become economic) may be
rendered irretrievable.

2.8.3 Alternative water supplies
Water supply options which have been considered include:

. local groundwater, with or without treatment

. regional surface water supplies (with storage reservoirs)
. pipeline from southern sources {e.g. River Murray)

. pipeline supply from the Great Artesian Basin.

Local groundwater is highly saline (in excess of 20,000 mg/L) and suitable for very
limited purposes only. The lack of a suitable quantity of available water, and the
extensive treatment which would be required, make use of this water physically,
technologically, and environmentally impracticable for process or potable purposes.

While local stormwater run-off will be of a quality suitable for most purposes, this would

at best provide a limited and unreliable supplementary supply. Stormwater run-off which
can be reasonably harvested, however, will be reused where practicable.
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A potential source of surface water supply might be the exploitation of run-off from the
lower Flinders Ranges. Potential dam sites exist on the Willochra and Hookina Creeks
(South Australian Department for the Environment 1980), and there are river flow
gauging stations in the catchment areas of both creeks. A partially rated gauging
station, with a catchment area of 6,240 km?, is located on Willochra Creek at
Partacoona, while a non-rated gauging station, with a catchment area of 375 km?, is
located on Mernmerna Creek at Arkaba. These sources could be used to provide larger
scale water supplies for mining or industrial use alone, or in conjunction with other
sources (Engineering and Water Supply Department, pers. comm.). However, their
location is remote from Olympic Dam, the reliability of the initial supply is uncertain,
costs would be excessive, and the yield would be inadequate for Project requirements.

In the absence of suitable local groundwater or surface water sources, the two water
supplies considered to be capable of supplying the Project requirements were:

. River Murray water, either from the existing Morgan to Whyalla pipeline at Port
Augusta, or directly from Morgan

. the Great Artesian Basin.

The availability of potable water from the River Murray for future development in the
Northern Region (including the Iron Triangle) is not considered to be a problem for the
forseeable future (Iron Triangle Study Group 1982). However, the spare capacity of
existing pipelines is insufficient to transport the total water requirements of the
Olympic Dam Project. The quantity of water available from the Port Augusta to
Woomera pipeline at Woomera would be adequate only for an interim supply, while the
quantity of water available for the Project from the Morgan to Whyalla pipeline at Port
Augusta (a distance of 270 km from Olympic Dam) is expected to be limited to 9 ML/d.
While this water would be of potable quality and require no further treatment, a further
Project supply of approximately 24 ML/d would still be required to meet process water
needs. If River Murray water were to be used for process purposes, it would require an
additional pipeline from Morgan to Olympic Dam, a distance of approximately 500 km.
If the River Murray were to be used as a source of potable water only, a process water
supply from the Great Artesian Basin would still be necessary. Economic considerations,
related to the capital and operating costs of such pipelines, as well as the higher risk
during drought of supply restrictions to existing River Murray commitments if additional
demands are to be met, make this alternative unacceptable.

2.8.4 Alternative approaches to tailings containment

The scheme briefly outlined in Section 2.5.1 and described more fully in Chapter 7 has
several advantages over other methods of tailings storage. To allow comparisons to be
drawn between the proposed scheme and some of the possible alternatives, a brief
description of alternative schemes is given below together with a discussion of the
advantages and disadvantages of each.

Subaerial deposition without additional evaporation areas

For this alternative, four separate storage areas would be provided to permit the total
containment of all free liquor resulting from each deposition cycle. No decanting of
liquor, even following heavy storms, would take place. This method would require a
considerably larger storage area (784 ha) for complete containment and evaporation of
liquor over a thirty-year operation period. The embankments would be constructed
progressively: initially a height of 3 m would be required, with subsequent stages of
construction bringing the thirty-year height to 15 m.

Tailings would be discharged from spigot pipes laid on opposite embankments of each of
the four storages and deposited in layers. Each layer would be permitted to settle,
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consolidate and desiccate to regulated levels of saturation. The cycle time t_'or
deposition would allow all free liguor to evaporate from the surface of each storage prior
to the placement of subsequent layers of tailings. During periods of high rainfall, liquor
might pond for several cycles, but this would not be to the detriment of _the operation
and stability of the storages because of the flexibility afforded by subaerial deposition
methods.

The advantages of this alternative are that no provision for decanting liquor would be
required and no separate decant evaporation pond would be necessary. Staged
construction would permit lower initial capital costs, despite the fact that the
embankments would be much longer than in the preferred scheme.

However, the disadvantage of this scheme is that the areas of each storage would be
about twice those of the adopted scheme. While this would not be detrimental to the
stability of the storage, it would result in greater radon emanation levels during both the
operating and post-operating phases. It would also have a greater environmental impact
because of the larger areas of land required for storage of tailings and for excavation of
embankments and cover material for decommissioning.

Subaqueous storage

The second alternative considered was subaqueous storage. In this method the tailings
would be discharged into water, and a continuous water cover would be maintained
during the life of the facility. Although there have been several tailings storages
designed, constructed, and operated in Australia using this technique, it is considered
that the method is not appropriate for the Olympic Dam site. The concept of depositing
and storing tailings below a constant minimum water cover was developed to reduce
radon emanation from the tailings storage during the operating period. While water
cover would generally achieve this aim, it would fail to satisfy the other important
objectives considered by the Joint Venturers in their tailings containment considerations
(Section 7.1).

To provide the storage needed for a thirty-year operation, this method would require an
area of approximately 575 ha, with embankments constructed to a height of 30 m. While
other combinations of area and embankment height would provide the storage volume
required, these dimensions were considered to offer the most reasonable balance
between embankment height and area in limiting the loss of liquor by seepage and
evaporation, which in any event would be high. The embankments would be designed and
constructed as water retaining structures, since a hydrostatic head would act at all times
on both the embankments and the foundations. However, materials suited for this type
of embankment construction are not available in sufficient quantity at Olympic Dam,
while foundation conditions are not amenable to containment for the structural security
required. The tailings would be deposited from pontoon mounted discharge points, which
would be moved frequently as the cones of deposited tailings rose towards the surface of
the water cover. Tailings could not be deposited from the embankments, as beaching
would occur, thus exposing the tailings.

The resultant mass of stored tailings would remain in a saturated state and give rise to
seepage for a very long period following any decommissioning. Significant amounts of
seepage would also occur during the operational phase as, although every attempt would
be made to provide watertight embankments and foundations, it would be impossible to
totally prevent losses.

The considerable evaporation losses, especially during the summer months, would also
require very large volumes of make-up water to maintain the water cover. Some
55,000 m® /d of additional water would be required in winter months to balance
evaporation and seepage losses, while during the summer months the additional water
requirements would be approximately 115,000 m3 /d. These quantities of water represent
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about two to four times the presently envisaged water requirements for the total Project
and would be a very substantial additional burden on pumping and water supply
requirements from the Great Artesian Basin.

A further practical problem would be the distribution of tailings to ensure the
maintenance of a water cover. The physical proportions of the pipework involved would
make the operation of a barge deposition system difficult and this, coupled with the
known problems of continually trying to sound and plot the contours of the tailings
surface, cast doubts on the overall practicability of such a system.

The tailings deposited subaqueously would have a very low in situ density and strength.
The density could be up to 40% less than would result from the proposed method, thus
requiring considerably more storage capacity. Because of the very low strength of the
tailings, decommissioning would not be possible for a number of years following the
completion of tailings deposition.

Disposal of tailings underground

Unless tailings have a very coarse size distribution, they must be processed before being
suitable for use as mine-fill. This process consists of removing the very fine fraction
(slimes) and modifying the remainder of the material to produce a fill. (At present it is
envisaged that up to 20% of the mine back-fill requirements could be provided by the
coarse fraction of processed tailings.) The removal of slimes is necessary to produce a
free draining fill, otherwise it may build up a high hydrostatic head when placed, causing
retaining walls to fail, and it may also undergo liquefaction, flushing to lower levels of
the mine. The gradational size distribution is necessary to act as a filter to retain added
cement and to provide a physically stronger fill.

In addition, the conditions which make the surface tailings structure a solid competent
mass (high net evaporation drying the tailings, and layered deposition) are not achievable
underground. Therefore the tailings would, if not processed, remain saturated for very
long periods underground and would not develop such competence.

Neutralization of tailings

Tailings could be neutralized prior to deposition either with purchased lime or with
calcined dolomitic limestone. This option was not selected however, as it offers no
significant advantages, while presenting the following disadvantages:

. Tailings neutralized with lime would have an in situ density of about 1.6 t/m® and
those neutralized with calcined dolomitic limestone about 1.3 t/m3. Therefore, the
volume of neutralized tailings would be about 20 to 50% greater than acid tailings,
and the areal extent of the tailings storage would be correspondingly larger.

. The surface of neutralized tailings is more friable, has more cracks, and there is no
bonding between layers. Greater dust emissions would therefore result, and the
chance of solids overflow into the central decant would be increased.

. Neutralized tailings have a higher viscosity, requiring a lower pulp density for
pumping and hence a higher water usage.

. Massive scaling of pipes, valves, and all exposed metal surfaces would result from
neutralization.
. Neutralization would require the quarrying of additional dolomitic limestorne or the

purchase of lime, resulting in higher operating costs and a larger quarry area.

Neutralization of tailings causes heavy metals to precipitate in the tailings liquor, thus
reducing the levels of these contaminants if seepage occurs. For this reason, tailings
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deposited subaqueously in mining projects in the Northern Territory are neutralized prior
to deposition. This would not be a significant advantage at Olympic Dam, however, as

the subaerial method of deposition will effectively eliminate seepage.

2.8.5 On-site power generation

In the early construction stages of the Project, extensions to the existing on-site diesel
power station will be built. However, on-site power generation is considered neither
practicable nor economic for the production phase, as it involves high capital and
operating costs (especially for fuel), as well as logistical problems, It was therefore
decided that, in the long term, only emergency on-site power would be installed, with all
other power being supplied from the State power system following the construction of
high voltage transmission lines connecting to this grid.

2.8.6 Alternative town sites

A number of options were considered in town site location, as well as the possibility of
expanding Woomera and Andamooka. A comparison between the proposed site and the
alternatives considered is presented below.

Woomera

Woomera is approximately 80 km south of Olympic Dam, located on a stony plateau
which is characterized by a low open chenopod shrubland and the absence of trees and
tall shrubs. The facilities at Woomera have supported a population of 6,000, although the
present population is now only about 2,000. It has been a closed town until recently, and
therefore has not developed all the facilities normally associated with a regional service
centre.

The possible use of Woomera was rejected primarily because of its distance from
Olympic Dam. Eighty kilometres was considered too great a distance for daily
commuting of a large workforce. In addition, the stark plateau landscape was considered
less attractive than available alternatives closer to the site.

Andamooka

Andamooka is about 30 km east of Olympic Dam on gullied, gibber covered terrain.
Andamooka has a population of about 400 and acts as a local service centre for the opal
mining workforce and associated population. It is not a planned town and has no local
government administration. Some existing services, such as schocls and police, are being
used by the present Olympic Dam population,

To provide a suitable town for the Project workforce, a major expansion of Andamooka
would be required. However, the site is unsuitable for such expansion, and this option
might not be favoured by the existing residents. In addition, a 30 km travel distance for
the Olympic Dam workforce, although not grossly inconvenient, is not desirable when
other closer options exist. Thus, Andamooka was not considered to be the most
appropriate site for the new town,

New town site options

A detailed investigation was undertaken of other suitable sites within reasonable
proximity to the Project Area. A distance of about 8§ to 16 km from the mining area was
considered to be sufficient to provide a suitable environmental buffer and to diminish
radiation levels to at least an order of magnitude below public exposure limits, while
being close enough to enable tolerable commuting times for the workforce. A general
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arc curving from the west southward to the east was considered desirable for town
location, as most traffic and services would come from the south.

The following six possible sites (Figure 2.23) were selected from aerial photography and
were subsequently inspected:

. Site 1 Lake Blanche: west of the Joint Venture Area

8 Site 2 Myall Dam West: west-south-west

. Site 3 Myall Dam East: south-west

5 Site 4 Axehead Dam: south (the proposed site)

. Site 5 Phillips Ridge: south-east

. Site 6 12 Mile Dam: east-south-east.
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ALTERNATIVE TOWN SITES

The discussion below summarizes the factors which were considered in comparing the
alternative sites:

. Amount of land amenable to urban development: A basic area of 1,500 to 1,800 ha,
with the capability of expansion to between 2,400 and 2,500 ha, was considered
essential. Myall Dam East (Site 3) and Axehead Dam (Site 4) are the most suitable
on this criterion, each with approximately 2,000 ha suitable for development. Lake
Blanche (Site 1), Myall Dam West (Site 2), and 12 Mile Dam (Site 6) are adequate,
with around 1,600 ha. However, Phillips Ridge (Site 5) is too small, with less than
700 ha amenable to development.
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.  Impact of town location on land severance of adjoining pastoral properties: Sites 4
and 5 are near the boundary of Roxby Downs and Andamooka Stations and would
have the least impact. With respect to location of watering points, fencing, and
intensity of use, Sites 1, 2 and 3 on Roxby Downs Station would lead to severance
problems, with the town site cutting off stock access to water. Site 6 on
Andamooka Station also has a possibility of producing similar severance difficulties.

. Proximity to the existing services corridor: Sites 4 and 5 would be preferred on this
criterion, being closer to the corridor for transport and infrastructure access.

. Ease of construction of urban facilities: Site 6 has disadvantages due to a
relatively higher rock horizon than the other sites, while there would also be
development difficulties for Site 5 because of the steepness of the dunes.
Reasonable ease of construction was indicated for the other sites.

. Flood-prone areas: All sites have some claypans and depressions which would be
subject to occasional inundation. However, Site 5 has an excessive area of
depressed land which would make expansion difficult. Sites 1,4 and 6 were
considered to be the least disadvantaged in terms of area of land subject to
inundation.

. General amenity: The presence of trees on the site was considered an important
factor. Trees are found more abundantly in sand dune country, which also offers the
best soil conditions for new growth. Thus Sites 1, 4 and 5, which are characterized
by this type of terrain, offer the best prospects for long-lasting natural treescapes.
Sites 1 and 5 exhibit grazing damage, Sites 2 and 3 have predominantly saltbush
cover and are generally devoid of trees, while Site 6 is a bare, heavily gibbered plain
without any significant vegetation.

. Horticultural aspects: Sites with predominant areas of sand dunes offer better
prospects for attractive town development than sites exhibiting large areas of
saltbush-clad swales. Sites 1 and 4 are better placed in this regard than the other
sites.

From this review of factors, Site 4 (Axehead Dam) was selected as the proposed town
site. This site has the largest area amenable to urban development. It is near a pastoral
station boundary thereby minimizing effects of land severance. It is well located in
relation to the road and other infrastructure services corridors. No construction
difficulties are expected, and the area of depressed land is not significant. From an
amenity viewpoint, the site has more tree cover, and the extent of sand over the site
offers reasonable scope for further vegetative growth. Although the site is within the
Woomera Prohibited Area, changing the boundary is unlikely to present a significant
problem and, at the time of writing, the Commonwealth and State Governments were
negotiating appropriate changes to the eastern boundary of the Prohibited Area in the
vicinity of the Olympic Dam Project site. Drilling of the area has confirmed that the
site is not underlain by mineralization.
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CHAPTER THREE

Terrestrial Environment

SUMMARY
Regional environment

There are two main types of environmental associations in the Olympic Dam region. One
association, in which the entire Project Area is located, is characterized by extensive
longitudinal east-west sand dunes and interdune corridors in which structured soils of the
underlying plain are exposed. The Project Area represents less than 2% of this
widespread association. The other type of environmental association is characterized by
flat to gently rolling stony tableland strewn with gibbers. This occurs to the east and
south of the Project Area.

‘Terrain

The landforms in the Study Area are generally related to two main factors: the
weathering of the underlying rocks, and the superimposition of wind-blown sand over the
extensive tableland surface throughout the region. In terms of erosion susceptibility, six
terrain features were identified: stony tablelands, sand dune ridges, interdune corridors,
drainage depressions, low stony rises, and dune fields. The sand dune ridges and dune
fields show the greatest potential for erosion, especially in areas of instability (areas
without vegetative cover) where blowouts can form, leading to dune deflation and sand
movement during infrequent times of high winds. The higher percentages of silt and clay
in the soils on the stony tablelands, interdune corridors, drainage depressions, and low
stony rises, in addition to the presence of gravel as a reinforcing material or as a surface
shield, reduce the erosion potential of these terrain features. Potential sand movement
can be controlled by limiting the degree of disturbance on sand dunes, by retention of
vegetative cover where possible, and by early stabilization of any areas which show sand
drift or which require disturbance of dune ridges. Other minor potential impacts
associated with alterations to surface drainage and sediment movement can be
accommodated by appropriate engineering design.

Hydrology

The crests of the sand dunes form a mosaic of small closed catchments. With high
average evaporation (about 3,000 millimetres per annum) and low average rainfall
{160 millimetres per annum), run-off events are infrequent and soil moisture contents
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are low. The dunes have infiltration rates higher than the maximum rainfall intensity,
while the swales and depressions are relatively impermeable. The introduction of
substantial areas of impermeable surfaces due to development will lead to some minor
increases in run-off, but these will be accommodated by drainage systems and
compensating basins. The effect of the closed catchments will be to contain run-off
within the immediate vicinity of the Project Area. The localized increases in soil
moisture levels arising from the watering of gardens and recreation areas will promote
increased plant growth.

Flora

The two main vegetation suites in the region are related to the two principal types of
environmental associations: stony tablelands support a low chenopod shrubland, while
the dune fields have a recurring pattern of woodlands or tall shrublands on sands and
chenopod shrublands on structured soils of interdunal corridors. Grazing by stock and
rabbits has degraded the vegetation in the Project Area, and in any case this type of
vegetation is widely replicated. Therefore, except for isolated communities associated
with drainage features, it has little conservation significance. Vegetative cover does,
however, play a significant role in preventing erosion, as well as having amenity value
(particularly the groves of western myalls and other tree species). Although some
vegetation clearance will occur as a result of development, the Joint Venturers' policy of
vegetation retention or rehabilitation of vegetated areas is an important consideration in
reducing vegetation impacts, and has been incorporated in siting decisions, particularly
in relation to the town. In addition, the exclusion of stock from the area, the control of
rabbits, the creation of buffer zones, and garden and amenity planting will all assist in
further mitigating adverse effects on vegetation.

Fauna

Pastoral activity and the introduction of exotic species have substantially reduced the
number of native mammals present in the Olympic Dam region. Reptiles have been
affected to a lesser degree. Although habitat loss due to Project development will
occur, the area involved is extremely small compared with the regional extent of the
available habitat. Some species of avifauna will be disadvantaged by habitat loss while
others will benefit from the increased availability of water and food resulting from
Project development. Some loss of avifauna may occur as a result of the acid liquor
evaporation pond.

3.1 REGIONAL ENVIRONMENT OF THE PROJECT AREA

On a regional scale, Laut et al. (1977} have defined environmental associations which
comprise a particular recurring combination or sequence of landforms with similar
vegetation cover. Environmental associations are therefore useful in describing the
broad physical and ecological environments of the region. There are three environmental
associations within the region incorporating the Olympic Dam Project Area: the
Moondiepitchnie, Woomera and Andamooka environmental associations (Figure 3.1).

. Moondiepitchnie: The Moondiepitchnie environmental association can be described
as an undulating plain, often with extensive sand sheets, dunes, and low silcrete-
capped rises, featuring a mixed cover of tall open shrubland with a chenopod shrub
or grass understorey, low chenopod shrubland, and woodland with a tussock grass
understorey. Its primary characteristic in the Study Area is the sequence of more or
less linear east-west oriented dunes of siliceous sand and interdune corridors (or
swales) in which the underlying soils are exposed (Figure 3.1). The dune sands
contrast with the soils of the corridors, which are generally loamy or clayey,
frequently with a variable gibber coating, or covered by thin sand sheets. The






spatial rhythm of dune and swale soils enforces a similarly pronounced rhythm on
the vegetation: dunes normally carry woodlands, while corridors carry low
ghrublands, although localized exceptions do occur. This alternation of dune and
swale, and of woodland and shrubland, creates the impression most characteristic of
the region - of a landscape which is highly variable over very small distances, but
uniform and monotonous overall. Dune density (determined by spacing between -
crests) varies considerably, and accounts for a number of different terrain units and
vegetation sequences throughout the dune fields. Drainage of the Moondiepitchnie
is internal, into claypans and depressions between the sand ridges. On Figure 3.1 a
series of older north-south trending relict dunes or strandlines in the form of low
stony rises can also be seen underlying portions of the association (Ambrose and
Flint 1981).

. Woomera: The Woomera environmental association, which includes the Arcoona
Plateau, consists of a tableland of essentially undisturbed Proterozoic sediments
capped by the Arcoona Quartzite. The surface of the plateau is flat or gently
rolling, strewn with gibbers and mantled by moderately deep red duplex soils. A
dendritic drainage pattern has evolved over much of the plateau proper, although a
regular joint system exerts a strong control. Numerous short channels with steep
gradients radiate from the margins of the main tablelands. Around these are
coalescent streams and small outwash fans although, after rain, streams are soon
dissipated in the surrounding sand plains. In the upper levels of the tablelands,
drainage channels are wide, shallow, and generally ill-defined, with surface waters
mostly being collected in gilgai depressions or in occasional canegrass swamps. At
lower levels, drainage channels coalesce to form prominent tree lined creeks and,
when stream erosion has proceeded to the stage where basement rocks are exposed,
cliffs are commonly developed.

. Andamooka: The Andamooka environmental association comprises a tableland
formation similar to that of the Woomera environmental association (particularly
the Arcoona Plateau), but with a greater degree of plateau dissection and with
slightly different combinations of landforms and soils. Both environmental
associations have dominant chenopod shrublands with a general absence of tree
species.

The region is dominated by the Moondiepitchnie environmental association. Its area is
13,000 km? , constituting a remarkably large expanse of country with the same basic
features. Laut et al. (1977) recognized and mapped environmental associations within
South Australia as small as 50 km? and the median area for environmental associations is
only about 1,400 km?. The mine, plant, town site and significant portions of the
infrastructure corridors are located in the Moondiepitchnie environmental association.
The Baseline Study Area, used for more detailed description of the terrain and
vegetation in the near vicinity of the Olympic Dam Project Area (Figure 3.1), is
predominantly in the Moondiepitchnie environmenital association, with the easleru
margin overlapping into the Andamooka environmental association.

The Olympic Dam Project Area of about 200 km? is less than 2% of the Moondiepitchnie

environmental association. Thus, in a regional context, the area which will be directly
affected by the Project represents a small part of a widespread environment.

3.2 TERRAIN
3.2.1 Terrain description

Within the Study Area the landforms and soils form two distinct suites: those created by
the weathering of the underlying rocks of Cambrian to Cretaceous age, and others of
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more recent aeolian origin which have been superimposed on the landscape. The
underlying rocks consist of the Arcoona Quartzite, the Andamooka Limestone, and
Cretaceous kaolinitic siltstones, which on a regional scale are relatively flat-lying units.
Although varying thicknesses of these materials have been removed during past erosional
cycles, the resulting surface remains essentially flat, consisting of extensive stony
tableland. In places where extensive deep erosion has occurred, the rocks have been cut
down almost to sea level, and claypans, swamps and lagoons have formed at the terminal
points of the internal drainage systems. The more recent Quaternary deposits form a
thin veneer of aeolian origin over much of the tableland surface. In many places these
form the most dominant feature of the landscape, consisting of a series of east-west
oriented red quartz sand dunes.

The characteristics of the tableland surface vary considerably over the Study Area and
depend on the underlying rock type and the thickness of the Quaternary sediments. The
dune fields display a similarity of form and soils which are different from the
characteristics of the underlying surface.

Over most of the southern part of the Study Area where the Arcoona Quartzite is the
underlying rock type, the tableland shows extensive gilgai formation and the surface is
littered with dark brown flat gibbers. The soils are brown and red-brown clays of high
plasticity, showing large volume changes with changes in moisture content, and are
highly dispersive. Calcareous material is not present in the profile, but gypsum occurs
mainly in bands and crystalline pockets. Where run-off occurs from this tableland, it
forms saline lakes and lagoons.

Towards the east of the Study Area the tableland surface shows similar characteristics,
except that occasional large rounded boulders occur on the gibber strewn surface and
drainage is often into fresh or brackish canegrass swamps. The underlying rock in this
area is a kaolinitic siltstone which, in the Andamooka area, contains precious opal in
conglomerate bands. The surface shows gilgai formation, but this is less extensive than
on the Arcoona tableland. Lime is present in the profile either as a calcareous silt or as
calcrete rubble. Minor occurrences of this surface are also found in the vicinity of
Purple Downs Station homestead and to the east of the existing quarry at Olympic Dam.

In the Project Area the underlying rock type is the Andamoocka Limestone. This rock is
covered by up to 10 m of Quaternary sediments. In some areas the bedrock is very
shallow and outcrop occurs in some places. The tableland surface is generally
undulating, with sandy textured soils and extensive occurrences of gibber in the swale
areas. The soils contain large quantities of calcareous material, possibly derived from
weathering of the underlying rock. Where the limestone is deeper, the soils are still
sandy textured, and contain considerable quantities of lime. Drainage is into claypans,
vegetated shallow depressions, or occasionally into small dolines. A series of
approximately north-south trending low stony rises (Figure 3.1) also occurs through this
area, dividing the land surface into a number of discrete catchments, each of which
generally contains a depression or claypan at the lowest point. These low stony rises are
probably silicified strandlines associated with an old Tertiary lake system (Ambrose and
Flint 1981).

Superimposed on these various tableland surfaces is the Quaternary series of east-west
trending red quartz sand dunes. These vary in height up to 10 m, in width to a maximum
of 300 m, and in spacing from about 100 m to several kilometres. When closely spaced,
the interdune areas form gentle concave swales covered with sandy soil, and are often
well vegetated with trees and shrubs. Where more widely spaced, the tableland surface
is exposed with its more silty and clayey sandy soils, gibber and drainage features.



3.2.2 Terrain mapping
Terrain patterns

The terrain classification consists of categorizations firstly on the basis of underlying
geology (since this has influenced the varying characteristics of the tableland surface},
and secondly on the density of the dune formation. Six landform types have been
delineated for each rock type, with broad expanses of the tableland surfaces classified as
the first pattern, and completely sand covered surfaces as the sixth. Landform on the
various rock types thus becomes more similar as the density of the dunes increases; when
the sand cover is complete they become indistinguishable.

For the terrain classification, the rock types or geological regimes are described as
follows:

. Quaternary deposits (QY - sand ridges and dune fields with interdunal
corridors {swales) and claypans;

and (Qs) - sand ridges, dune fields and claypans super-
imposed on an older system of northerly trending
low stony rises or dunes;
. Cretaceous siltstone (K) -  kaolinitic siltstones, shales, and sandstones, with
cobbles;
. Andamooka Limestone (A} - dolomitic limestone;
. Arcoona Quartzite (P) -  quartzite.

The landform types are described as follows:

. Tableland (1) - almost flat tableland surface, with no dune
ridges present;

. Dissection slopes (2) -  dissection slopes of the tableland, generally with
no dune ridges;

. Drainage areas (3y -  broad concave depressional drainage areas which
can contain sand ridges;

. Widely spaced dunes (40 - almost flat tableland surface with widely spaced
sand ridges {(up to 30% of the area of the
pattern);

. Moderately spaced dunes (5) -  almost flat tableland surface with between 30

and 60% of the area consisting of sand ridges;

. Closely spaced dunes 6 - almost flat tableland surface with between 60
and 80% of the area covered by sand ridges.

The terrain pattern classification system consists of a simple alphanumeric coding
combining these geological and landform types. For example, pattern type A6 refers to
Andamooka Limestone tableland with closely spaced east-west trending dunes. Examples
of the terrain patterns and the differences between landform types are shown in
Figure 3.2.

Terrain pattern types described for the Study Area are listed and mapped in Figure 3.3 at
a scale originally of 1:40,000 (reduced here to 1:125,000). This level of mapping is
appropriate for the classification and comparison of large areas of land, as it delineates
recurring terrain features which form distinctive landscape types. It has consequently
been carried out for the entire Study Area.
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Claypan

a  Aerial photograph showing distinction
between tableland (landform type 1),
drainage areas (landform type 3), and
widely to moderately spaced dune fields
(landform types 4 and 5).

€ Obligue aerial photograph looking west
along widely spaced and moderately
spaced east-west Quaternary sand ridges
of Qs4/Qs5 patterns. Note claypans occur
where dunes coalesce, or at the
intersections of east-west dunes and north-
south low stony rises.

tableland surface.

Figure 3.2

b Aerial photograph showing distinction between
widely spaced dunes (landform type 4),
moderately spaced dunes (landform type 5),
and closely spaced dunes (landform type 6).

Terrain pattern QS5 looking along the € Terrain pattern Qs4 showing low stony
interdunal corridor (swale) towards a rise across swale and claypan in right
drainage depression. Note low profile of foreground.

the sand dunes,

h  Oblique aerial photograph showing
claypan among widely spaced sand

dunes (Q4).

Cretaceous siltstone tableland surface (K1).
overlying Andamooka Limestone and
Arcoona Quartzite exposed in the
dissection slope (A2 and P2) which leads
into a drainage depression containing
Quaternary deposits (Q3).

EXAMPLES OF TERRAIN PATTERNS



Terrain units

Terrain patterns have been subdivided into terrain units, which are the smallest landform
unit with consistent physiographic characteristics. Terrain units have simple surface
forms and usually occur on a single rock or parent material type and have, within
reasonable limits, uniform soils or surficial materials. The terrain unit descriptors
(Table 3.1) show the divisions of slope range, slope form and soil type which have been
used in the numerical referencing of the terrain umits. These descriptors are the
principal factors in determining susceptibility to erosion and thus form a suitable basis
for assessment of terrain-related impacts.

Table 3.1 Terrain unit descriptors
No. Physiographic description Slope range
0 Flat, generally large drainage depressions subject to inundation,

and minor stream channels and erosion gullies. Includes salt lakes,

claypans and swamp areas.

Flat

1 Very gently sloping planar tableland surfaces, often adjacent to Generally less
drainage depressions, than 2%

2 Broadly rounded convex 'plateau’ surfaces often trending north- Generally
south across swales, forming the watershed between adjacent less than 2%
catchment areas and drainage depressions. but up to 5%

3 Broadly rounded crestal areas of low dunes. Less than 10%

4 More sharply rounded crestal areas of higher dunes, often with
depressed concave 'blowouts' generally to the south. 10-20%

5 Elevated tableland surface, gently or sharply undulating, with
generally up to 1 m relief but occasionally up to 2 m. Less than 10%

6 Gently to moderately sloping planar slopes below dune crests. 10-30%

: Classification

No. Soil type USC*

0 Rock outcrop and skeletal soils (0.3 m deep) on weathered rock. -
Gravelly or stony soils, often on weathered rock. GP, GM, GC

2 Uniform sands with little or no fines (silt or clay) content. SP, SP-SM,

SP-SC

3 Sandy uniform, gradational or weak texture contrast, coarse to
medium textured soils of low plasticity; calcareous silt often
finely dispersed throughout the lower parts of the profile. SM-SC, SC

4 Sandy soils showing moderate texture contrast, coarse to
medium textured, with calcareous silt either finely dispersed SM
or in pockets. SC-CL

5 Sandy clay soils of low to medium plasticity, becoming very CL
silty or gravelly at depth. GC, ML

6 Clay soils of medium to high plasticity showing gradational
profile or weak texture contrast; a thin surface veneer of
coarser texture may occur locally; often stratified layers of cL
coarser texture and gypsum in the lower parts of the profile. H

*

Unified Soil Classification system (United States Department of Interior 1963}
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Terrain unit notation lists the physiographic type first and soil type last. For example,
terrain unit 14 is a gently sloping tableland surface (physiographic description 1) with
sandy soils showing moderate texture contrast (soil type 4, Table 3.1). For some terrain
units a dual symbol has been used for the soil referencing number, This indicates that
both soil types are likely to occur in close proximity within the unit. For example,
terrain unit 50'4 is a gently undulating tableland surface (physiographic description 5)
with rock outcrop on the rises (soil type 0) and sandy soils in the depressions (soil
type 4), with the apostrophe indicating a mixture of these two soil types.

Terrain features

For the purpose of discussing the susceptibility to erosion (for impact associated with
terrain units), it is possible to consider similar types of terrain units together. Six
terrain features have been recognized which summarize the range of terrain units
present within the Study Area (Figure 3.4), and can be described as follows (the related
terrain units are shown in brackets):

. stony tableland (104, 50'4) - a flat or very gently sloping tableland surface;

. narrow interdune corridors and sandy swales (13, 14, 10'4) - gently sloping linear
concave depressions between sand dune ridges;

. drainage depressions (03, 04, 06) - flat claypans, swamps, and very gently concave
terminal drainage areas;

.  low stony rises (20'4, 21, 21'4) - low stony elevated areas rising above the tableland
by up to 3 m, usually siliceous, probably relict strandlines;

. dune fields (13, 32, 52, 53) - undulating dune fields often with some linear ridges
trending east-west but with no flat interdune tableland surfaces exposed;

. sand dune ridges {32, 42, 63) - linear sand dunes trending in an east-west direction
and elevated above the tableland surface by up to 10 m.

The terrain features are recognizable landforms which, in combination, form the terrain
patterns defined above. The terrain patterns within which these features occur are
shown in Table 3.2.

Table 3.2 Occurrence of terrain features in terrain patterns

Terrain patterns in which terrain features

Terrain feature .
principally occur

Stony tableland Pl, K1, Al

Narrow interdune corridors Q4, Qs4, K4, A4, P4; 05, Qs5, K5, A5, P5
Drainage depressions Q3, K3, A3, P3; 4, Qs4, K4, A4, P4

Low stony rises Qs4, K4; Qs5h

Dune fields 05, Qsh; Q6, Kb, Ab, PO

Sand ridges Q4, Qs4, K4, A4, P4; (5, Os5, K5, A5, P5
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Susceptibility to erosion of the various terrain units

Most of the soils in the Study Area are susceptible to erosion by wind and/or
water. Their combined stability is dependent on a number of features which
include the following:

. the percentage of silt and clay fines in the sand soils

. the presence of gravel as a reinforcing material or as a surface shield

. the presence of a surface skin over the silty sands of the interdune areas
. the type of vegetative cover.

The silt and clay fines in the sands can form very strong bonds, particularly when the
percentage of clay fines is high (SC type materials, Table 3.1). When the percentage is
low (probably 10%) and consists mainly of silt, the bonds are much weaker and easily
broken when dry. The bonds are formed as the soils dry, and are broken by
disturbance or rewetting. When broken, the soils are generally easily eroded by wind and
water. The gravelly soils {calcretes or silcretes) are very resistant to erosion and help
to stabilize the sands and clays with which they often occur. The quartzite gibbers
found on the flatter tableland areas often occur in scald areas with well cemented
clayey sands which are quite resistant to erosion. Where gibbers occur on looser
unconsclidated sands and clays, they can act as a shield against erosion.

On many of the silty sand soils of the tableland areas (SM and SP-SM, Table 3.1}, there
is a darker coloured thin surface skin, or crust, up to 5 mm thick. This skin appears to
be formed by a combination of cementing by the finer silt and clay particles and organic
matter. The skin is easily broken when the s0il is dry, revealing the very loosely bonded
sands beneath, but when intact it protects these sands from wind erosion.

Annual and perennial plants, shrubs, and trees provide the main protection against
erosion of the sand soils of both the dunes and interdune areas. In the swales of the
closely spaced dune ridges and in the wider interdune areas of the tableland surface, the
saltbush and bluebush cover is generally of a sufficient density to shield the surface sand
from the effect of wind action. In the dune ridges, however, the vegetative cover is
seldom sufficiently dense to stop some blowouts occurring.

The scale used for rating individual terrain units for their susceptibility to erosion is
given in Table 3.3 and has been based on observations of the Olympic Dam area and on
consideration of soil properties and surface slopes. Separate assessments have been
made for susceptibility to erosion by wind and by water, and these are shown in
Table 3.4, The terrain units in this table have been grouped under.the terrain features in
which they usually occur. It is evident from Table 3.4 that the main potential for
surface disturbance is related to wind erosion of dune fields and sand ridges. Further
discussion of sand dune development and movement in relation to the wind regime at
Olympic Dam is therefore discussed below.

3.2.3 Sand dune development and sand movement
Origin of dune fields

The dunes in the Olympic Dam region form part of the Australian desert dune field
which occupies about 20% of the continent. These dune systems were formed during the
Pleistocene, between 14,000 and 25,000 years ago (Bowler et al. 1976; Wasson, pers.
comm.). Work by Callen et al. {1982) on dunes in the Lake Frome area showed them to
consist of at least three phases of aeolian deposition, with a partly consolidated core
beneath the modern drift sand. Radiocarbon dating gave the cores of the dunes as
greater than 44,000 years old. The overlying dunes ranged in age from 30,000 up to the
youngest Pleistocene dune of 14,000 years.
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In the Olympic Dam area there appears to be a capping of about 1to 2 m of partially
mobile late Holocene sand in the dune crests. Wasson (pers. comm.) has found this sand
to range from 750 to 2,500 years old from carbon-14 dating of carbonates.

Table 3.3 Erosion susceptibility of soils within terrain units

Rating Explanation Implications

L - low Materials considered to be very No protection required after
susceptibility resistant to natural disturbing construction of roads or other

to erosion

M - moderate

forces, and containing no
dispersive layers.

Materials which are often stable

structures which affect the land
surface.

Consequences of erosion can vary

susceptibility in the natural state, although considerably. Often only a thin
erosion can be induced by surface layer of weakly bonded
destruction of inter-particle sand will be lost, but restoration
bonding, dispersion of clay of underlying stronger soils can
materials or loss of vegetative be difficult in arid areas. Loss of
cover. Erosion, when occurring, material can lead to dust
is often confined to local areas. nuisance, rilling of surface and

silting of drainage structures.
H - high Materials inherently unstable and Consequences of erosion need to
susceptibility relying totally on other mitigating  be determined, and management

policies adopted which recognize
and ensure integrity of mitigating
factors.

factors for stability. Erosicn,
when it occurs, may influence
other stable areas, causing
deterioration and eventual soil
loss.

At present, most of the dune fields experience few winds above the threshold velocity
for their surface sand movement. During the Pleistocene, sand mobility was much
greater due both to greater windiness (i.e. the percentage of time with winds greater
than 8 m/s measured at 10 m above ground level), and to lower evapotranspiration which
reflected the smaller amount of vegetative cover then available to reduce sand
movement. Wind speed records near Olympic Dam for 1982 show windiness values of 4
to 13%. Ash and Wasson (1982) estimate windiness to have been at least 20% higher
during the Pleistocene in semi-arid parts of Australia.

The dune ridges are longitudinal in form with the direction parallel to the resultant of
sand shifting winds (i.e. the vector addition of winds greater than the threshold velocity
for sand movement). Longitudinal dunes are considered to form in a bi~directional wind
regime (Wopfner and Twidale 1967; Fryberger 1979). In the Olympic Dam region, the
dominant sand-moving winds during the Pleistocene would have been north-west and
south-west associated with anticyclonic pressure systems moving across the continent.
These winds would have caused a zig-zag movement of sand in an easterly direction,
resulting in the general eastward trend of the dumes in the region. The present wind
regime also results in a net easterly movement of sand.

Variations in dune density

At terrain pattern mapping level, dune density or spacing varies considerably over the
Study Area. Four levels of dune density were defined: landform types l, 2 and 3 all
display little or no dune formation, while landform types 4, 5 and 6 indicate increasing
dune density from 30 to 80% in areal extent. This dune density variation is illustrated
by oblique and aerial photographs in Figure 3.2.
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Table 3.4 Erosion susceptibility of terrain units

Susceptibility to erosion*

Terrain units and description

Wind Water
Stony tableland
10'4 -~ flat elevated tableland L L
50'4 - gently undulating elevated tableland L L
Narrow interdune corridors and sandy swales
13 - thin sand spreads/gentle footslopes of dunes M L
14 - flat to gently sloping swale of structured soils L L-M
10'4 - flat swale of structured soils L L
Drainage depressions
03 - small depressions with sand sheets M L
04 - longer depressions in swales, flood-prone L L
06 - claypans L L
Low stony rises
20'4 - elevated gently rounded tableland with skeletal soils L L
21 - elevated gently rounded tableland L L
21'4 - elevated gently rounded tableland with gilgai L
Dune fields
13 - thin sand spreads, gentle footslopes of dunes M L
32 - broadly rounded flatter dunes M-H L
52 - gently undulating sand sheets at higher elevations M-H L
53 - gently undulating sand sheets at lower elevations M L
Sand ridges
32 - broadly rounded, flatter dunes M-H L
42 - long, linear, higher dune ridges H L
63 - steeply sloping footslopes of dunes M-H L

*  Susceptibility to erosion ratings, L = low, M = medium, H = high, as detailed in
Table 3.3

The variation in dune density and orientation may be attributed to topographic
influences which caused local variations in wind exposure during the Pleistocene, and
which are evident during the present on a smaller scale. It would appear that, in the
more exposed parts of the tableland surface, dune ridges are generally widely spaced.
In contrast, sand accumulations and densely spaced dunes occur on the eastern side of
the more depressed areas, as these areas are more sheltered from prevailing winds and
accumulate water borne sediments.

Sand movement
Ash and Wasson (1982) have found that the desert dunes of Australia show low mobility,

and they attribute this principally to the low percentage of time when wind velocities
exceed the threshold movement for sand. Sand movement mainly takes place after
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instability is initiated, and it is confined to dume crests. Blowouts generally form
through loss of vegetative cover due to such factors as overgrazing, fires, or die-back of
ground cover in drier periods.

Wasson (pers. comm.) suggested that for this region the threshold velocity for sand
movement is about 5.5 m/s when wind speed is measured at 1 m above the ground (or
8.9 m/s at 10 m, which is anemometer height for most meteorological stations at
Olympic Dam). Wind data for Olympic Dam in 1981 was analysed for occurrence of
wind speeds above this threshold velocity. Considerable seasonal variation was found:
spring and winter were the periods of greatest sand drift potential, summer showed a
lower drift potential, while in autumn almost no winds were recorded above threshold
velocity. South-west winds were most prevalent in spring, with west winds in winter.
Summer winds were variable, but predominantly from the south, The resultant wind
direction for sand movement was east-north-east, which is consistent with the general
dune direction at Olympic Dam.

The eastward and southward movements of sand were measured by sand traps. The
highest rate of movement was 1.1 kg/m.h (i.e. 1.1 kg of sand moving per metre width of
dune in one hour), measured in an exposed dune with minimal vegetative cover. If this
rate occurred for a year over an entire dune, it would produce a movezr;ent of
approximately 1.4 m. This can be compared with sand movement of 2.4 x 10 kg/m.h
measured for a sand ridge in the town site, which translates to dune movement of only
0.2 mm per year.

3.2.4 Terrain impact and mitigation

The potential for soil disturbance and erosion in relation to terrain features is described
below for varying degrees of development activity, together with the direct
consequences which would arise from these impacts. Indirect effects related to surface
water flow and sediment transport are then discussed. This provides the basis for
summarizing the potential impacts relating to development, and for identifying
appropriate mitigation measures to prevent or control such impacts for each of the
terrain patterns and for the Project Area as a whole,

Potential for soil disturbance and erosion

For each of the terrain features, the potential impacts for soil disturbance and erosion
which can arise due to development activity are summarized in Table 3.5. Six ranges of
pedestrian and vehicular activity in increasing intensity and generally increasing effect
are considered.

The low intensity activities will produce little effect on stony tablelands, drainage
depressions, and low stony rises. However, these activities could cause some surface
disturbance in the interdune corridors, while in dune fields (and particularly on sand
ridges) deflation could result after loss or reduction of the vegetative cover, even at
relatively low intensities of activity.

Under more intense development activity involving heavy vehicles, breakdown of the soil
surface could occur on stony tablelands, interdune corridors, drainage depressions and, to
a lesser extent, on the low stony rises. Under intense activity, dune fields and sand
ridges could undergo greater degrees of deflation, which would possibly lead to formation
of drifts at very high intensities of activity.
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Table 3.5 Impacts of development activity on terrain features
- Stony Interdune Drainage : Dune field Sand ridges

Activity tableiand corridors depressions Low stany rises sand spreads Tide

Light foot No effect Breakdown of No effect No effect Little effect Little effect

traffic of surface

Concentrated No effect Breakdown of No effect No effect Slight deflation, More severe

foot traffic surface skin some breaking deflation, some
of low shrubs breaking of low
reducing erosion shrubs reducing
protection erosion protection

Single vehicle No effect Breaking of No effect No effect Some breaking Some breaking

Multiple vehicles

Minor construction
traffic

Major construction
traffic

Some rutting,
particularly
when wet. Prone
to track erosion
in sloping areas

Breakup of
surface

Complete
disturbance
of surface,
leading to
erosion

vegetation and
surface skin

Complete loss
of vegetation,
leaving surface
exposed to
ercsion

Loss of vegetation,
breakdown of
surface

Exposure of
surfaces from
which dispersion
and run-off occur

Some rutting
when wet

Breakup of

surface

Breakup of
surface

Little effect

Little effect

Breakup of surface,
otherwise little
effect

of low shrubs
reducing erosion
protection

Loss of vegetation
and deflation

Loss of vegetation
and deflation

Complete loss of
vegetation,
deflation and
drifts

of Tow shrubs
reducing erosion
protection

Loss of vegetation
and deflation

Loss of vegetation
and deflation

Complete loss of
vegetation,
deflation and
drifts

If no mitigatory action is taken, the probable direct consequences for each of the

features are considered to be as follows:

. stony tableland:

-  dust from trafficked areas
- water erosion of channels on sloping surfaces;

. interdune corridors:

~  loss of silty sand surface and creation of hardpan;

. drainage depressions:

- increased volume of dust and sand which will blow cut to the east;

. low stony rises:

- little effect;

. dune fields and sand spreads:

terrain

- with loss of vegetation, sand will become mobile, and there will be a general
sand movement to the east;

. sand ridges:

- with loss of vegetation, sand will become mobile, and there will be a general
sand movement to the east along dune ridges;

-  after deflation of a ridge to several metres, the effect of wind will tend to be
reduced by more erosion-resistant sands and by the width of the deflation zone,
unless development activity continues in the area.
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Indirect effects of development

The

main indirect effects which can occur with development and which would require

preventive action or control are:

3-18

Alteration of surface water flows: The wide swales of terrain patterns A4, Qs4,
and Qs5 show many signs of downslope movement of water, particularly on more
elevated surfaces with little sand cover (terrain unit nos. 10'4, 21, 20'¢ and 50'4).
Water running off these surfaces generally soaks into the sandy soils of the adjacent
dunes (terrain unit nos. 32, 53 or 63) or runs downslope into the interdune corridors
{terrain unit no. 14), occasionally causing some minor scouring.

The creation of artificial barriers such as roads across the swale surface in these
units could modify the natural surface water flows, causing ponding in some areas,
and possible scouring where water flows are concentrated. Ponding can create local
wet areas with different associations of vegetation, but may also deny water from
other areas of vegetation downslope which have previously relied on that water
supply. Most of these potential modifications will be offset by the provision of
through-drainage engineered to prevent scour.

Alteration of sediment movement: The creation of barriers across those areas
showing downslope movement of water could also affect the natural system of
sediment transport, with the potential to lead to:

-  sand and silt accumulation at barriers where water ponds
- scouring at any channels through the barriers.

The deposition of sediments at barriers could lead to a general depletion of soils
downslope, which would eventually create large scalds as the surface sands
disappear. The approach to drainage design described above will offset these
effects. However, some ponding and sediment deposition will occur.

Alteration of wind-blown sand movements: The main wind-blown sand movements
occurring at the site are:

- the eastward movement of sediment from the eastern shores of claypans and
swale depressions located at terminal points of the internal drainage system

- the zig-zag movement of sands (blowouts to the south, followed by more gentle
movements to the east and north-east) along the sand ridges.

Any excavation or raised barrier across the direction of sand movement has the
potential to slowly accumulate sand. Sand accretion would be spasmodic, depending
on the vegetative cover and the amount of free sand upwind (i.e. to the west).

Creation of differential pressure zones: The erection of large structures will lead
to changes in the local wind pattern, and this is expected to have some effect on
wind-blown sand movement. Structures placed within the dune ridge system will
change the pattern of sand deposition, and channelling of winds along the sides of
structures could increase velocities, leading to subsequent sand scour. Unless
protected, footings would be undermined, mainly on the northern and western sides
of the structures, with sand accretion on the southern and eastern sides. Attention
to detail in engineering design will reduce the severity and extent of these effects.
Nevertheless, it will be necessary to rely primarily on soil stabilization of those
surfaces exposed to this action.



. Flooding of areas: Long-term inundation of areas would eventually create claypan-
like surfaces. Large quantities of silt and sand would accumulate on the bottom of
the flooded area and, should drying eventually occur, the surface would resemble
those exposed in many of the larger dams and claypans of the area during dry
periods. Similar conditions would occur in the bottom of large borrow pits which
hold water after heavy rain. The dispersive nature of the clays within the soil tends
to have a sealing effect on the bottom and sides of excavations, as they become
almost impermeable when dispersed in a layer. This will be offset by deep contour
ripping of excavations to improve vertical drainage and to encourage natural
revegetation suitable to the modified soil conditions.

Mitigation measures

Table 3.6 summarizes the potential impacts associated with each terrain pattern type
together with the appropriate mitigation measures to ameliorate adverse effects. All
the potential terrain-related impacts are amenable to mitigation either through suitable
planning and design of development or through the control of construction activities.
For example, potential sand movement can be controlled by retention of vegetation
where practicable, and by stabilizing any areas which show sand drift or where dune
ridges will be disturbed. Dust generation due to surface breakdown of trafficked areas
on tablelands can be controlled either by sheeting or watering.

Project Area impact assessment

Figure 3.5 shows the terrain patterns associated with the Project Area. The locations of
the plant and mine shaft areas have been determined by functional layout considerations
and are mainly in Qs4 (widely spaced dune field of Quaternary deposits superimposed on
low stony rises), with minor portions in Qs5 (moderately spaced dune field of Quaternary
deposit superimposed on low stony rises). There will be significant landform changes
within the localized areas of the plant and mine shaft development, and stabilization and
drainage works will be required to control erosion and to contain changes in surface
water flows.

The tailings retention area will be located to the west of the plant area, mainly within
terrain patterns Qs4 and A4 (widely spaced dune field overlying Andamooka Limestone).
Further to the west again, terrain pattern (s5 dominates, and has probably resulted
from a build-up of sand blown from the claypan known as Lake Blanche. The dume ridges
show characteristics similar to those noted elsewhere, with more instability within the
{Js4 pattern than in the (Js5. Therefore, where construction cuts across dune ridges,
stabilization of exposed dune faces will be undertaken to prevent sand movement into
the tailings retention area. The (s5 pattern to the west will act as an effective barrier
to most sand movement, particularly as its vegetative cover is expected to remain
intact.

The Project's road network and the airfield runway  alignments have been planned to
ensure that, in most cases, the transport corridors either cross the dune ridge system at
right angles to its trend or remain within the swale areas. Roads crossing dune ridges
will be stabilized and then sheeted with calcrete. Batters will be stabilized by mulch
spraying, or by respreading of brush and chipped vegetation. In effect, such
construction creates a wide stablized blowout, through which strong winds can blow
without restraint, removing any sand which collects there. As the sand supply is from
the west, dune ridges on opposite sides of cuttings are likely to be affected differently.
Roads in swale areas will be sheeted with calcrete (or other suitable materials) to
reduce dust generation, and to enable all-weather passage.
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Table 3.6

Potential impacts and mitigation measures for terrain patterns

Terrain pattern

Landform type and range of impacts

Mitigation measures

Al, K1, P1

A2, K2, P2

A3, K3, P3, Q3

A4, K4, P4, Os4

AS, K5, P5,
05, Os5

A6, Kb, Q6, Osb

Tableland

1. Interception and concentration of surface flows.
2. Erosion of dispersive soils (P1 and K1),

3. Rutting of surface by construction traific in wet
weather.

4. Dust from trafficked areas.
Dissection slopes

1, Interception of surface flows.

2. Channelling of flows alongside embankments or
trenches.

3. Scarring and erosion of surfaces caused by difficult
working conditions.

4. Alteration to sediment movement pattern.
Drainage areas

1. Alteration to areas of swamplands and claypans.

2. Accelerated erosion due to erection of
structures within drainage channels.

Widely spaced dunes
1. Loss of vegetation leading to increased sand

movement generally.

2. Localized sand movements caused by construction
of corridors through dune ridges.

3. Alteration to drainage pattern within swales.

4. Alteration to sediment movement towards terminal
drainage peints in swales.

5. Creation of hardpan surfaces.

6.  Loss of sand from windward side of structures.

Moderately spaced dunes

1. Loss of vegetation, leading to increased sand
tovement.

2. Localized sand movement caused by construction
of corridors through dune ridges.

3. Creation of hardpan surfaces.

4, Loss of sand from windward side of structures,

Closely spaced dunes

1. Loss of vegetation leading to increased sand
movement.

2. Localized sand movement caused by construction
of corriders through dune ridges.

3. Loss of sand from windward side of structures.

1. HKeep drainage dispersed where possible.
2. Channel flows through stabilized or lined drains.

3. Provide pavements where possible for construction
traffic.

4, Either provide sheeted surfaces and pavements
for traffic, or water unsheeted areas.

1. Provide pipes, culverts etc.

2. Ensure adequate drainage through embankments,
and stabilize soil surface.

3. Minimize construction traffic and confine to
prepared access roads.

4. Keep drainage lines open where practicable, and
avoid re-routing.

1. Ensure construction works in catchment areas
do not affect drainage.

2. Place footings outside channels where practicable,
or provide adequate protection for footings.

1. Avoid unnecessary removat of vegetation.
2. Stabilize potentional erosion areas.

3. Provide adequate drainage through any barriers
created across swales.

4. Engineer drainage facilities to reduce ponding and
asssociated sediment build-up.

5. Retain saltbush and bluebush in swales where
practicable.

6. Provide stabilized or sheeted pavements in areas
where deflation is likely to occur.

1. Refrain from removal of vegetation.
2. Stabilize potential erosion areas.
3. Retain saltbush and bluebush in swales; where

hardpan occurs, cover with sand.

4. Provide stabilized or sheeted pavements in areas
where deflation is likely to occur.

1. Refrain from removal of vegetation.
2. Stabilize potential erosion areas.

3. Provide stabilized or sheeted pavements in areas
where deflation is likely to occur.

The town site is in Q5 (moderately spaced dune field of Quaternary deposits) and Q6
(closely spaced dune field of Quaternary deposits) which exhibit the following
characteristics:

. Within the Q5 pattern the dunes are sheltered and well vegetated. Sand movements
through this area are slow and will remain so, providing vegetative cover is
maintained. However, should loss of vegetation occur on ridges, blowouts may form.
The Joint Venturers' policy of retention of vegetation will be an important factor in
erosion mitigation, and vegetation on the dune ridges adjacent to buildings will be
safeguarded against uncontrolled access.
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. In the Q6 pattern, where dune ridges coalesce into sand spreads and fields with only
vaguely preferred orientation, areas of potential instability are harder to predict.
Generally, these areas appear more stable than sand in the Q5 type dunes, but this is
probably because these large sand accumulations are not subjected to the stronger
winds occurring on the ridges of the more exposed tableland surfaces.

In relation to impacts, the terrain features present in the town site have been assessed
for general suitability for development as follows:

. Interdune corridors and swales: These are suitable in the more elevated, drained
areas, although filling is likely to be required in lower parts prior to construction of
roads and buildings. Many of the swale surfaces are subject to minor infrequent
inundation, and proper design will be necessary to ensure that water will not remain
after periods of heavy rain.

. Drainage depressions: Without significant drainage alterations, these are
unsuitable for buildings. Road access can be achieved with filling, although the
subsequent alteration to drainage patterns would need evaluation at the final design
stage.

. Low dune ridges and sand sheets: These are suitable for development, providing
vegetative cover is retained or appropriate stabilization is undertaken.

. Sand ridges: These are generally unsuitable for development.

These terrain-related factors are important considerations in the conceptual town
design, and are discussed further in Chapter 11.

Long-term effects

In the long term, loss of vegetation in any area of sandy soils would lead to erosion by
either wind or water. With loss of vegetation, the higher sand ridges would suffer
increased deflation and flattening, and the form of the steeper ridges (terrain unit
no. 42) would become more like rounded dunes (terrain unit no, 32). Where ridges are
initially close together (within about 100 m}, sand sheets may also cover the swales and
form an undulating pattern of low ridges (similar to terrain unit no. 53}). Although the
rounded flatter dunes (terrain unit no. 32) are generally less susceptible to blowout
formation and erosion, minor sand movement would also occur with loss of vegetation,

Within the swale areas, loss of vegetation would lead to erosion of the upper silty sand
layer. This would cause deterioration of the soil horizon which supports most of the
plant species, and the resulting surface would be inhospitable for plant regeneration.
Run-off during heavy rainstorms would also be increased, with consequent scouring of
channels and siltation of drainage structures and pondage areas.

The long-standing policy of the Joint Venturers of retaining as much vegetation cover as
possible will avoid many of these problems. To minimize the likelihood of long-term
problems of sand drift, erosion, and siltation, the following specific measures will be
adopted:

. Any development within a swale area will have access closely controlled and the
vegetation upslope safeguarded.

. Run-off waters from pavements, buildings, and other impermeable surfaces will be
directed into lined channels where necessary to avoid scour.

. Any development involving the removal of dune ridges will include stabilization
measures such as mulching, brush spreading and hard surfacing.
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. Where appropriate, disturbed areas likely to erode will either be ripped to promote
revegetation, or stabilized with surfacing or mulching. Excavated areas in clayey,
silty soil will be deep-ripped to encourage natural revegetation.

. Cleared vegetation with its associated topsoil will be retained for brush spreading.
Larger tree trunks will be chipped for spreading.

3.3 SURFACE HYDROLOGY
3.3.1 Characteristics of the catchments

The Project Area is a mosaic of small closed catchments, which range in area from 10 to
300 ha. The boundaries of these in relation to the Project Area are shown in Figure 3.6.
There are no well defined water courses in the Project Area, although some closed
catchments have discernible drainage lines at points where water flows into claypans.
Typically, each catchment consists of the following:

. a catchment boundary formed by the crests of sand dunes which carry the dominant
woody vegetation of the area and overlie the clay soils;

. an upper interdune corridor (swale) which may carry sparse vegetation of saltbush,
or which may have no vegetation. The so0il in such areas tends to be a clay, silty
clay or clay loam;

. a lower depression, often a claypan, which is bare or covered with gibbers. Many of
the lower pan areas show a strong mosaic polygonal cracking characteristic. On
wetting, the dry clay swells, causing the cracks to disappear. The presence of these
cracks (at least initially) provides an entry point for water to pass into the clay soil.

Results of measurements of relative infiltration capacities of the different soils in the
area indicate the following:

. The upper and middle levels of sand dunes have indicated infiltration capacities
estimated to be from 1,000 to 3,500 mm/h. The lower dunes have an indicated
capacity to absorb between 500 and 2,000 mm/h. While these high figures are likely
to be overestimates, actual infiltration capacities should nevertheless be greater
than any expected rainfall intensity.

. The claypans and swales have low infiltration capacities after a period of
inundation, although the initial rate of infiltration may be high due to entry of water
through mosaic cracking.

3.3.2 Hydrologic processes

In fifty years of records for the area, annual rainfall totals have ranged from around
30 mm to more than 500 mm. The pan evaporation is in excess of 3,000 mm/a, and the
average monthly pan evaporation is well in excess of the average monthly rainfall for all
months of the year. In addition, the nearest groundwater is approximately 50 m below
the soil surface, and there are no known instances of surface expression of groundwater
in the area.

The environment is arid, and in most periods of the year no natural free water can be
found in the vicinity of the Project Area. The catchment areas and grades are
inadequate to generate sufficient run-off to form the incised drainage channels which
are often found in larger catchments in arid areas. Surface water movement is
predominantly by overland flow over relatively short distances within closed catchments.
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The capture of rainfall

Hydrologic studies in arid environments (Australian Water Resources Council 1972) have
indicated that during rainfall events the following processes occur:

. On claypans and interdune corridors, rainfall or run-off enters the surface cracks,
causing the clay to expand and thereby 'seal' the surface against further entry of
infiltrated water. Complete closure of the cracks may take several days but, if the
water persists, ponding of water in claypans results, leading to overland flow across
areas of sloping claypan, and ultimately to the formation of temporary ponds in the
lowest areas.

. On adjacent sand dune slopes, most rainfall infiltrates into the sand surface and the
volume of water passing to interdune corridors is restricted to a very small
proportion resulting from downslope movement of raindrop splash.

Water infiltrating into the clay soil would be subject to loss by evaporation and
transpiration. The strong adsorption and capillary forces in these soils will result in
longer term moisture contents which are substantially higher than those in dune
material. There is no indication of deep groundwater recharge through the soil, but
recharge may occur in isolated locations such as where dolines are present.

Water balance

With high evaporation and low rainfall, not only are run-off events infrequent but soil
moisture availability is also low. A detailed evaluation of soil moisture availability for
plant growth has been conducted for Pimba using rainfall records for the period
1915-1977 (McAlpine 1978). The results of this evaluation for Pimba, which has a mean
annual rainfall of 185 mm, would be indicative of the water balance in the vicinity of
Olympic Dam which has a mean annual rainfall of 161 mm as measured at Roxby Downs
Station (1931-1977).

The evaluation assumed that weekly rainfall was an input to soil moisture storage.
However, soil moisture loss by evapotranspiration was assumed to be equal to 50% of
Class A pan evaporation where soil moisture levels were above 50% of available soil
storage capacity (assumed to be 100 mm), and equal to 25% of pan evaporation if soil
moisture was below this level. The median statistics for rainfall, potential evaporation,
and soil moisture availability for plant growth over this fifty-year period are shown in
Figure 3.7, The results indicate that in 50% of years, soil moisture available for plants
rises above zero only for eighteen weeks of the year and then only to 10% of available
water capacity. The ewvaluation also determined that in 25% of years, available soil
moisture is greater than zero for twenty-two weeks, reaching a maximum of 35% of
available water capacity.

Extreme hydrologic events

Should an extremely high rainfall event occur in the vicinity of Olympic Dam, a very
considerable ponding of water in the depressions and claypans could be expected to
occur. This water, and the water infiltrating through the base of sand dunes, would lead
to an areally extensive perched water-table. This would result in a downward
percolation of water (probably along fracture zones, faults, and rock joints), which may
lead to recharge of groundwater. Based on observations in other environments and the
reported observations of Verhoen (1977), it is probable that rainfall such as that which
occurred during the two years 1973 and 1974 (which totalled 954 mm at Roxby Downs
Station) would have led to at least some groundwater recharge in this environment.
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3.3.3 Surface hydrologic changes induced by the development
Project construction will lead to hydrologic changes caused by the introduction of:

. substantial areas of impervious surfaces associated with roads, parking areas,
compacted zones, and roofs

large quantities of treated and domestic wastewaters and garden watering.

The location of areas proposed for development likely to induce hydrologic change is
shown on Figure 3.6, and the effects of this development are discussed below.

Run—off from impervious areas

In an environment in which clay, silty clay and clay loam soils with low permeability
occupy a substantial proportion of any given catchment, the introduction of additional
impervious surfaces is unlikely to have a marked hydrologic effect. The large number of
small closed catchments will effectively contain run-off within each separate
catchment. However, there will be an increase in the volume of run-off ponded in
depressions, and hence an increase in the time taken for such pondage to evaporate after
rain ceases. Where appropriate, water will be collected and used for irrigation.

The catchment which includes the Whenan Shaft and associated development (Figure 3.8)
provides an example of the extent of these hydrologic effects and the manner in which
they can be accommodated in plant development. The Whenan Shaft is located in a
catchment area of 140 ha which is relatively elongated in an east-west direction. For
geological reasons, the shaft is located in what was once the lowest position within the
catchment. For functional reasons, the current associated developments are located
adjacent to the shaft, and include a concrete batching plant, a mullock stockpile and
storage areas. Additional facilities such as car parks, roads, core farm, and buildings
will also be developed within the catchment. The net result of these developments will
be an alteration of the hydrologic regime of the Whenan Shaft catchment.

However, to avoid inundation, the collar around the shaft and other working areas have
been built on raised pads formed by excavated earth, with the excavation being used as a
compensating basin to receive storm run-off. The compensating basin and the height of
the raised pads were designed to accommodate the increased run-off resulting from the
greater impervious area as well as the loss of claypan storage resulting from the
construction of the raised pads. For rainfall events of up to 50 mm, the depth of ponding
after development will be less than natural conditions because of the compensating
basin. For a 100 mm rainfall event, the depth of ponding will increase from 1.2 m under
natural conditions to 1.35 m after development.

Run-off from areas liable to contamination by ore or plant spillage will be collected in
sumps of adequate capacity to receive design storms. This water will be passed to the
plant circuit as process water or to the tailings retention system for evaporation.

Section 11.6.6 discusses the manner in which run-off considerations have been
incorporated in the conceptual town design.

Introduction of piped water

The main Project water supply, which will have salinities ranging from 1,500 to
2,500 ppm, will be piped from the Great Artesian Basin. This brackish water will be used
directly in processing, and a portion of it will also be desalinated to provide potable
water for the town, mine and plant. The hydrologic impacts associated with the
introduction of this water will depend upon its uses and the methods of disposal, which
will be as follows:
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. Process water will either be recycled within the plant or discharged to the tailings
retention system for evaporation.

. Potable water will be stored after desalination, and distributed for use throughout
the Project Area. Wastewater will be piped to the sewage treatment works: if,
following this process, it is of suitable quality, it may be used for irrigation,
otherwise it will be discharged to evaporation basins.

. Potable quality water will be used for watering gardens, recreation areas, and
amenity plantings.

. Some brackish water will be used for dust control and for vegetation tolerant of this
quality of water.

The total volume of water discharged directly to the ground will be small relative to
potential evaporation. Thus the main hydrologic effect will be limited to an increase in
soil moisture in the local area of water application. The maximum application rate
would be about 1,250 mm/a on gardens, which is approximately one-third of the annual
evaporation rate of more than 3,000 mm/a, but substantially more than the annual
rainfall of 160 mm/a. Minor amounts of water will also be lost from water storages and
evaporation ponds through seepage.

3.4 FLORA

Two distinct structural suites of vegetation are found in the Olympic Dam region: low
shrublands on the stony tablelands of the Andamooka and Woomera environmental
associations, and woodlands or tall shrublands on the dume fields with associated low
shrublands in the interdunal areas of the Moondiepitchnie environmental association.
There is one major plant association on the stony tablelands, and, while the dune fields
display a marked local variety in plant species, they have an overall unity of composition.
The occurrence of woodlands on deep sands of the dune fields is one of the more
distinctive regional vegetation features, and reflects plant/water balance relationships.
There is no significant aquifer in the region within reach of the various tree species:
they must rely purely on rainfall recharge of soil water. Except on sands, there is
normally insufficient soil water available to maintain extensive stands of trees or even
tall shrubs.

3.4.1 Vegetation in the Study Area
Basis of mapping

Broadscale vegetation mapping at a scale of 1:40,000 was carried out for the Study Area
(reduced in Figure 3.9 to 1:125,000). There are two main suites of vegetation covering
almost the entire Study Area: the vegetation associated with stony tableland, and that
associated with the dune fields. Common to both, however, is vegetation associated with
drainage. Although small in areal terms, drainage vegetation has biological significance
as habitat and also for the plant species present, which increases its importance beyond
that indicated by its areal extent.

Table 3.7 divides the vegetation mapping units into three principal categories:
(A) vegetation of the dune fields, (B) vegetation of stony tableland, and (C) vegetation
associated with drainage. This relationship between vegetation and landform sequences
is then further defined. For vegetation associated with dune fields, a distinction is
made between dense and open dunes. For tableland vegetations, vegetation on
Andamooka Limestone is categorized separately from other areas of stony tableland.
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Table 3.7

Vegetation mapping units

Description of vegetation mapping units

Character species

Main understorey or associated species

A  VEGETATION IN AREAS OF DUNE FIELD

Al VEGETATION SEQUENCES ASSOCIATED
WITH DENSE DUNES

Al

AlLZ

Al3

Al.4

Mulga woodlands ¥

{Primarily associated with Q6, as
well as parts of A6, K6, and densest
sections of Q5, Qs5, AS and K5.) *¥
Pine woodlands

{Q6, Qsbh, Ab, densest dunes of 5,
Qs5, A5 and K5.)

Sandhill canegrass grasslands

(Sand ridges in geological regimes
K and P.)

Mulga/myall mixed woodlands

{A6 and densest portions of AS5.}

A2 VEGETATION SEQUENCES ASSOCIATED
WITH OPEN DUNES

AZ.l

AzZ.1.1

AZ.l.2

AZ.2

A2.2.1

Az.2.2

A2.3

AZ.3.1

AZ.3.2

Vegetation sequence of medium
density dunes

Mulga woodland - saltbush/bliebush
low open shrubland sequence

(A5, except for most closely spaced
dune segments.)

Mulga woodland - salthush/low
bluebush low open shrubland sequence

(€35, Qs5, and slight occurrences on
K5, except for most closely spaced
dune segments.)

Vegetation sequences associated
with widely spaced dunes

Mulga woodland/sandhill wattle tall
open shrubland ~ saltbush/ bluebush
low open shrubland sequence

(Ad.)

Mulga woodland/sandhill wattle tall
open shrubland - saltbush/low
bluebush low open shrubland sequence

(Q47 Qs4.}

Vegetation sequence of stony
tableland dune fields

Sandhill wattle tall open
shrubland /native pine woodland/mulga
woodland on red sands

(Primarily P5, but also on P4, P,
K4, K5, K6.)

Sandhill wattle tall open
shrubland /native pine woodland/mulga
on gypseous sands

{Q5, T5.)

Sandhill mulgas {Acacia linophylla and A.ramulosa) on sand ridges with mulga (A. aneura and A. brachystachya) in
narrow sandy swales or interdune depressions, as continucus low open woodlands or tall open shrubland,

Native pine (Callitris columellaris) on ridges and slopes as continuous low open woodland,

Sandhill canegrass {Zygochloa paradoxa) hummock grassland as the main vegetative cover on isolated sand ridges
crossing the Andamooka Plateau, together with a sparse tall shrub layer of hopbush (Dodonaea angustissima) and
sandhill wattle {Acacia ligulata} within dune systems on the Andamooka Plateau and at Purple Downs.

Sandhill mulga {Acacia linophylla) on upper parts of sand ridges, mulga (A. aneura and A. brachystachya) on lower
slopes and sandier interdune areas, western myall (A. papyrocarpa) on calcareous sandy loams of interdune areas: in
all cases as low open woodland or tall open shrubland.

Sandhill mulga (Acacia linophylla and A. ramulosa} tall open shrublands on ridges and upper dune slopes with more
mobile areas containing sandhill wattle (A. ligulata), hopbush {Dodonaea angustissima) and Cassia spp.; mulga
(Acacia aneura and A. brachystachya) tall open shrubland/low open woodland at dune bases, on transverse sandy rises
and occasionally in drainage hollows; saltbush (Atriplex vesicaria) low open shrubland between dunes, with low bluebush
(Maireana astrotricha) appearing in wider swales (A2.1.1, AZ.1.2}, and bluebush (M. sedifolia) appearing in wider swales
where limestone outcrops ot nears soil surface (A2.1.1); numerous and frequent western myall (Acacia papyrocarpa)
groves, more so in A2.1.1 than in AZ.1.2.

Sandhill mulga (Acacia linophylla) tall open shrubland on larger sand ridges, mulga (A. aneura and A. brachystachya) on
lower slopes, sandy rises, and in interdune drainage. More mobile areas on sand ridges with sandhill wattle and hopbush
(A. ligulata and Dodonaea angustissima) frequent. Interdune areas of low open shrubland, saltbush (Atriplex vesicarial
+/~ low bluebush {Maireana astrotricha) or, where limestone outcrops or nears soil surface, bluebush (M. sedifolia).
Myall (Acacia papyrocarpa) groves present, but less frequent than for sub-parallel dune sequences.

Dune areas: sandhill wattle (Acacia ligulata) and hopbush (Dodonaea angustissima) tall open shrubland/open shrubland
on most sand ridge crests, sandhill mulga {Acacia linophylla and A. ramulosa} on sand ridge slopes, Mulga {A. aneura) at
sand ridge bases and on sandy rises in swales.

Interdune areas: saltbush (Atriplex vesicaria) low open shrubland with low bluebush (Maireana astrotricha) increasing
in frequency where silcrete ridges present.

Tall open shrubland of sandhill wattle (Acacia ligulata) and hopbush (Dodonaea angustissima) interspersed with native
pine (Callitris columellaris) on sand ridges. In sandy interdune depressions, tall open shrubland of mulga {Acacia
aneura and A. brachystachya).

See A2.3.1. differs in greater height of sand ridges, with significant areas of gypseous sands present.

Understorey dominated by grasses, Aristida browniana on slopes and ridges and A. contorta on interdune areas. Wider
swales may occasionally contain a low open shrubland of saltbush (Atriplex vesicaria). Native pine (Callitris
columellaris) frequently present as small groves on deep sand. Bullock bush (Heterodendrum oleaefolium) on dunes as
scattered individuals or small groves.

Sandhill mulga {Acacia linophylla) and mulga (A. aneura) present in small groves or as individuals interspersed between
pines. Hopbush (Dodonaea angustissima)} frequently present on pine grove fringes or as a very sparse tall shrub layer
within groves., General absence of significant ground cover: prasses indicative of surface mobility, such as
Plagiosetum refractum, present but with low cover, very occasional clumps of perennial grasses such as Eragrostis
laniflora and Eriachne helmsii. :

On isolated vidges sandhill canegrass is the only species of any consequence. Within multiple dunes it may be
associated with sandhill mulga (Acacia linophylla) or interspersed between pine (Callitris columellaris} groves.

Grasses, Aristida browniana on ridges and slopes and A. contorta on lower slopes and sandier interdune areas; saltbush
{Atriplex vesicaria) or Sclerolaena spp. as low open shrubland about myall groves. Ground cover within myall groves
minimal, largely myall litter. Bullock bush (Heterodendrum oleaefolium} scattered throughout dunes as individuals or
in small groves.

Mulga areas as described for dense dune vegetations. Sandhill wattle and hopbush areas typically with little herbage
under grazing. Enneapogon spp. grasses in swale areas. Pine (Callitris columellaris) present in sandhill mulga as
individuals or distinct linear groves.

Pine (Callitris columellaris) in scattered small groves. Dune areas as for sub-parallel dune sequences. Grasses in
swales dominated by Enneapogon avenaceus during survey; speargrass (Stipa nitida} can be expected following winter
rains. In areas with bluebush, or where bluebush was formerly present, Cassia nemophila var, coriacea bushes are
frequent. Bullock bush {Heterodendrum oleaefolium) frequent on lower dune slopes, as individuals or scattered sparse
groves.

Grasses (Aristida spp.) on dune slopes and flanks, little ground cover under wattle and hopbush. Pine groves present on
ridgetops but infrequent. Enneapogon spp. associated with low shrublands of interdune areas, with Sclerolaena
divaricata in drainage areas and about frequent natural small scalds. Myall groves present, but rare. Bullock bush
frequent on lower dune slopes, as individuals or sparse groves.

Swale areas were probably once chenopod shrubland; some areas of saltbush still present. On sand ridge slopes,
sandhill mulga (Acacia linophylla) and bullock bush (Heterodendrum oleaefolium} with sandhill canegrass in more
mobile areas. Ephemeral, largely grassy, ground cover. This unit shares the same suite of species and the same
general patterning of distribution as the dense dune and sub-parallel dune sequences.

See AZ2.3.1. The area is notable for the absence over much of it of species normally found in dune areas, e.g. bullock
bush.

*  Those mapping units shown in bold face type are those illustrated in Figure 3.9, 3.15 and 3.16.

** Information in brackets indicates the terrain patierns associated with each vegetation mapping unit
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Table 3.7 (continued)

Vegetation mapping units

Character species

Main understorey or associated species

B VEGETATIONS OF PLATEAUX AND

STONY TABLELANDS

Bl VEGETATIONS ON ANDAMOOKA
LIMESTONE

Bl.1 Bluebush/saltbush and Ptilotus low

open shrubland *

(AI, A2.) *¥

B2 VEGETATIONS OF STONY TABLELAND

Bz.1

BZ.2

B2.3

B2.3.1

B2.3.2

BZ.A4

Saltbush/low bluebush low cpen
shrublands

(K1, K2, K7.)
Ptilotus low open shrubland
(K2, P2.}

Saltbush low open shrublands of
patterned soils (shelf/crabhole
sequences)

(Fl, P2, some of K1, overlaps into
P3, K3.)

Atriplex vesicaria (tableland ecotype)}
low open shrubland with pronounced
patterning

Atriplex vesicaria (tableland ecotype)
low open shrubland without
pronounced patterning: most of this
unit degraded to Eragrostis and
ephemeral species

Sclerclaena divaricata low open
shrubland

(P3.)

Bluebush (Maireana sedifclia) low open shrubland with saltbush (Atriplex vesicaria) on shallow or skeletal soils over
sheet limestone on plateau surfaces: Ptilotus cbovatus replacing both on dissection slopes.

Saltbush (Atriplex vesicaria) and low bluebush (Maireana astrotricha) low open shrubland without pronounced
patterning in local distributions on tableland landscapes containing small poorly defined crabholes and drainage areas
with grasses Enneapogon avenaceus and Eragrostis spp.

Varies with locality. Most common character plants are samphire (Sclerostegia tenuis) as a very sparse low open
shrubland on gentler slopes, and Ptilotus obovatus on steeper slopes.

Tableland ecotype of saltbush {Atriplex vesicaria] with grasses Eragrostis falcata and E. setifolia as low shrubland
growing in +/- gibber free crabholes, with Sclerolaena spp. providing a very sparse ephemeral cover on intervening
gibber shelves. Patterning is much more pronounced, with larger and better defined crabhele and shelf areas, on the
Arcoona Plateau (B2.3.1) than on the Andamooka Plateau (B2.3.2).

Sclerolaena divaricata low open shrubland of tableland drainage areas, found in a highly patterned sequence of bare,
closely packed platey gibber shelves devoid of vegetation, alternating with poorly developed crabholes containing
vegetation.

Small short-lived chenopod shrubs. Areas degraded by overgrazing characterized by Sclerolaena (Bassia) spp., Cassia
nemophila var. coriacea common. Trees few.

Samphire, numerous Sclerolaena spp., marked absence of trees-and tall shrubs. Grasses frequently found in small
crabholes include Sporobolus spp. and neverfail (Eragrostis setifolia).

Sclerclaena spp., occasionally low bluebush (Maireana astrotrichal.

Frankenia pauciflora and samphires in more saline areas (particularly shelves in B2.3.2), Sclerochlamys brachyptera
and S. patenticuspis on shelves, Ixiclacna leptolepis, Sporobolus spp. and other herbs and grasses in crabholes. Marked
absence of trees or tall shrubs,

Saltbush (Atriplex vesicaria), Frankenia pauciflora, Sclerochlamys brachyptera, Sclerolaena spp., no trees or tall
shrubs,

C VEGETATIONS ASSOCIATED WITH
LOCAL DRAINAGE

C1 ON CONCAVE DRAINAGE
DEPRESSIONS TO THE EAST OF LARGE
SWAMPS AND SMALL LAKES

CL1

Dead finish/mulga tall open
shrublands

{33, A3, less commonly P3, K3.)

CZ VEGETATIONS OF SWAMPS, LAGOONS
AND THEIR FRINGES

Cz.1

C2.2

C2.3

C2.4

Cz.5

Canegrass
(Various, but generally pattern no. 3.}

Cottonbush open and low open
shrublands

(Various, but generally pattern no. 3.)

Tea tree fringing tall open shrublands

{Q3, K3, P3.)
Samphire low open shrublands
Q3.

Mulga swamps and solution cavities

(Various within geological regimes A,
Q2 and Qs.)

Dead finish (Acacia tetragonophylla) and mulga (A, aneura and A. brachystachya) as sparse tall open shrubland of broad
depressions on eastern borders of large pans and swamps, on clayey soils with a thin and patchy veneer of sand or sandy
clay loams.

Canegrass (Eragrostis australasica) tall tussock grassland of freshwater swamps subject to frequent inundation.

Cottonbush (Maireana aphylla} low open or occasionally open shrubland about upper margins of canegrass swamps less
subject to inundation than canegrass areas, or in local drainage lines or pockets.

Tea tree (Melaleuca pauperiflora) in tall open shrubland occasionally fringing swamps, lagoons and watercourses, on
gypseous clays usually with a thin veneer of gypseous sands, and sometimes extending into deeper sands and kopi dune
areas.

Samphires Halosarcia indica and Sclerostegia tenuis on saline alluvial soils of lagoon floors, with isolated occurrences
about some stock dams with saline inflow. Very sparse on lagoon floors, with cover less than 5%; cover 30-40% about
dams.

Mulga (Acacia brachystachya and less frequently A. aneura} and dead finish (A. tetragonophylla) tall shrubland/open
scrub with a well-developed shrub layer in small circular depressions of interdune areas, and in and around solution
cavities.

Characteristically, very high diversity of ephemeral herbs and grasses but with very low cover.

Lignum (Muehlenbeckia cunninghamii), which in less well-defined swamps may be more frequent than canegrass.
Understorey of neverfail (Eragrostis setifolia) and cottonbush (Maireana aphylla).

Lignum {Muehlenbeckia cunninghamii) on lower lying ground, saltbush (Atriplex vesicaria and Sclerolaena divaricata on
higher ground, frequently neverfail (Eragrostis setifolia}.

Broombush (Melaleuca uncinata). Jessup (1951) reports dryland tea tree {M. lanceclata) as the most commonly
occurring species of this formation and, while this does not appear to be the case within the Study Area, the species
can nevertheless be expected to occur occasionally, Tea tree stands observed were almost devoid of ground cover.

May be mixed with Frankenia pauciflora on fringes of lagoons.

Associated tall shrubs or trees: native pittosporum (Pittosporum phylliraeoides), bullock bush (Heterodendrum
oleaefolium), Acacia oswaldii, Cassia nemophila vars platypeda and cortacea, Eremophila spp. particularly E. glabra,
Herbs and grasses present and often Juxuriant in solution cavities, particularly the grass Brachiaria praetervisa.

*  Those mapping units shown in bold face type are those illustrated in Figure 3.9, 3,15 and 3.16.

*3% Information in brackets indicates the terrain patterns associated with each vegetation mapping unit
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Vegetation associated with drainage is subdivided into that fringing large drainage
depressions and that fringing the smaller swamps and lagoons. In some instances a third
division is made according to character species or character species' sequences. The
main understorey or associated species for each vegetation sequence is also described.

These vegetation mapping units are vegetation sequences with recurring patterns of
plant species repeated over substantial areas. The individual patterning of plant species
occurs over distances too short to be mapped for the Study Area. For example, sand
depth (which is an important factor associated with plant types) varies continuously in
the dune fields. Character species are used to describe vegetation sequences rather than
plant associations, as their use allows a more sensitive approach to description of
variation in vegetation. Character species are defined as those plant species which, for
reasons of size, appearance, or frequency, dominate the visual appearance of a given
community. A character species is usually, although not necessarily, an ecologically
dominant species within its local community. More than one character species may be
found in a given area and one character species may be common to more than one
mapping unit.

Dune field sequences

The dune field areas have two quite distinct groups of species: those species associated
with a sand substrate, and those associated with structured soils. The boundary between
the two becomes blurred because of continuous variation of sand depth over the
underlying plateau surfaces, ranging from no sand at all to deep sand. Where dunes are
very close together (mapping unit Al), the sand depth is such that normally the
underlying soils are not exposed, and vegetation composition relates to sand cover rather
than underlying substrate. Vegetation is characteristically tall open shrubland or low
open woodland. Figure 3.10 shows a profile of one such vegetation sequence on dense
dunes - a pine woodland (mapping unit Al.2) with native pine (Callitris columellaris) on
deeper sands of the ridges, and sandhill mulga (Acacia linophylla) and mulga {(A. aneura)
on shallower sands between the ridges. This vegetation unit is also illustrated in
Figure 3.11(b), and other associated species are noted in Table 3.7. Other dense dune
sequences have different character species - sandhill mulga (mapping unit Al.1l), sandhill
canegrass (mapping unit Al.3), and mulga/western myall (mapping unit Al.4).

For mapping unit Al.l which occurs on the most stable deep sands of closely spaced
dunes, sandhill mulga frequently provides the bulk of the perennial vegetative cover on
sand ridges, with mulga in narrow sandy swales and interdune depressions
(Figure 3.11(a)). Where the dunes are more widely spaced, sandhill mulga tends to be on
the steeper, southerly dune faces rather than on the crests or northern faces. A number
of other trees or tall shrubs may be associated with it, in particular native pine and
bullock bush (Heterodendrum oleaefolium).

Sandhill canegrass {Zygochloa paradoxa) forms a distinctive hummock grassland (mapping
unit Al.3) on the more mobdbile dunes and may be associated with sandhill mulga or
interspersed with native pine groves (Figure 3.11(c)).

In the mulga/myall woodlands {mapping unit Al.4}, sandhill mulga occurs on the upper
parts of sand ridges, and mulga (Acacia aneura and A. brachystachya) on the lower slopes
and sandier interdune areas where shallow sands of 1.5 m or less overlie calcareous sandy
clay loams, often with heavy lime at depth. Western myall (A. papyrocarpa) can be
considered an oddity in one sense, being a tree species with a probable water
requirement at least as great as trees on sands, but which occurs on calcareous sandy
loams of interdune areas generally lacking the capacity to provide sufficient water for
trees.
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a Mapping unit Al.l. Mulga woodland (Acacia b Mapping unit A1.2. Native pine woodland
aneura). (Callitris columellaris). Note mobile sand where
loss of understorey vegetation has occurred.

¢ Mapping unit Al,3. Sandhill canegrass (Zygochloa d Mapping unit A2.1.1. Western myall groves
paradoxa). (Aeacia papyrocarpa), with saltbush (Aeriplex
vesicaria) understorey.

Figure 3.11
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Where dunes are further apart, underlying substrates become exposed in the interdunal
corridors (mapping unit A2). Suites of species are restricted either to the dune sands or
to the underlying substrate. Vegetation is characteristically a repetitive sequence of low
or tall open woodland on dunes grading into a treeless low open shrubland between dunes.
The example in Figure 3.10 of a vegetation sequence on medium density dune fields
shows some of the same species on the dune ridges as on the dense dunes - sandhill mulga
and native pine, but different species on the shallower sands of the footslopes - sandhill
wattle (A. ligulata) and hopbush (Dodonaea angustissima), while on the structured soils of
the tableland surface in the interdunal corridors the character species are saltbush
{Atriplex vesicaria) and low bluebush (Maireana astrotricha). This is characteristic of
medium density dunes overlying recent silts and clays (mapping unit A2.1.2). A similar
vegetation sequence occurs for medium density dunes overlying Andamooka Limestone,
except that bluebush (M. sedifolia) is the dominant character species for the interdunal
corridor (mapping unit A2.1.1), Groves of western myall are frequent, particularly in
A2.1.1 (Figure 3.11(d)).

The vegetation sequences vary both with the spacing of dunes and with the nature of the
exposed substrate in the interdunal corridors. On widely spaced dunes (mapping unit
A2.2) the character species are sandhill mulga on sand ridges, and mulga on lower slopes
(Figure 3.10}. Sandhill wattle is associated with more mobile dunes (Figure 3.12(a)). For
the interdunal corridors, saltbush and bluebush are found on limestone (mapping unit
A2.2.1), as shown in Figure 3.12(b), while saltbush and low bluebush are found on red
calcarecus earths (mapping unit A2.2.2).

Figure 3.12(c) illustrates the patterning of vegetation through mapping unit A2.2.2
showing the species' gradation with sand depth - native pine on the dune ridge, sandhill
mulga and bullock bush in the middle of the dune, and sandhill wattle at the base - as
well as the tall shrubland on the dune changing to low saltbush shrubland in the swale.

Where sand dunes occur on stony tableland (mapping unit AZ2.3), there is a tall open
shrubland of sandhill wattle and hopbush interspersed with native pine on sand ridges. In
areas of red sands (mapping unit A2.3.1 primarily on Arcoona Quartzite), sandhill mulga
and bullock bush with sandhill canegrass are the main associated species, and there is
lower perennial grass cover than found with other vegetation sequences on dune fields.
On gypseous sands (mapping unit A2.3.2.) the vegetation sequences are similar to A2.3.1,
except for a notable absence of species such as bullock bush normally found in dune
areas.

Tableland sequences

Vegetation on tablelands is much more homogeneous than the dune field vegetation. For
mapping purposes, a distinction is made between vegetation associated with the
relatively small areas where limestone is exposed or close to the surface, and vegetation
in areas of stony tableland. Where limestone is present (mapping unit Bl.1), there is
bluebush low open shrubland with saltbush on the plateau surfaces, replaced by Ptilotus
obovatus on dissection slopes.

For vegetation sequences associated with stony tableland, mapping units have been
defined in terms of patterning relating to terrain characteristics. Stony tableland soils
are typically heavy textured, gypseous and frequently highly saline. Their vegetation is
characterized by a complete lack of trees or tall shrubs, which is a consequence of both
the soil texture and salinity. Saltbush is the major character species of the treeless open
shrubland on the Arcoona Plateau and much of the Andamooka Plateau. However,
grazing pressure has significantly reduced the extent of this saltbush cover, particularly
on the Andamooka Plateau. Variation in vegetation occurs, firstly, through local
patterning {on a scale of 10 to 50 m) in plant distribution, resulting from the alternation
of closely packed gibber shelves carrying almost no vegetation with gibber-free
depressions (crabholes) containing most of the vegetation and, secondly, through the
presence of dissection slopes and creek lines.
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a4 Mapping unit A2.2.2. Area of mobile sand with b Mapping unit A2.2.1. Swale with blucbush
sandhill wattle (Acacia ligulata). ( Maireana sedifolia). and saltbush (Arriplex
vesicaria).

¢ Vegetation mapping unit A2.2.2. Dune vegetation d  Mapping unit B2.2. Dissection slope sequence with
sequence with native pine (Callitris columellaris) at samphire (Sclerostegia renuis).
the top. sandhill mulga (Acacia linophyvila) and
bullock bush (Heterodendrum oleaefolium) in
middle of the dune and sandhill wattle (Acacia
ligulaia) at the base. Saltbush (Arriplex vesicaria)
on the swale in foreground.

Figure 3.12
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Mapping unit B2.1 is a saltbush and low bluebush low open shrubland without pronounced
patterning on tableland landscapes, and with poorly defined crabholes and drainage areas
carrying Enneapogon avenaceus and Eragrostis spp. grasses. The presence of samphire
(Sclerostegia spp.) indicates high soil salinity. Mapping unit B2.3 displays local
patterning with gibber-free crabholes carrying a tableland ecotype of saltbush low
shrubland together with Eragrostis falcata and E. setifolia grasses. The intervening
gibber shelves have a very sparse ephemeral cover of Sclerolaena (Bassia) spp. This
patterning is more pronounced on the Arcoona Plateau (mapping unit B2.3.1) than on the
Andamooka Plateau (mapping B2.3.2) reflecting the better defined crabhole and shelf
areas on the Arcoona Plateau. Other grasses, particularly species of Astrebla and
Sporobolus also seem to be more frequent on the Arcoona Plateau. Frankenia pauciflora
and samphires are associated with the more saline areas particularly in B2.3.2.

Certain tableland drainage areas carry a Sclerolaena divaricata low open shrubland in a
highly patterned sequence of bare, closely packed platey gibber shelves devoid of
vegetation, alternating with poorly developed crabholes containing vegetation (mapping
unit B2.4). This vegetation is characteristically featured in gently sloping drainage areas
and frequently on the boundaries of swamps. The main associated species are saltbush,
Frankenia pauciflora, Sclerochlamys brachyptera and various Sclerolaena species.

Dissection slopes which retain many of the vegetative features of the tablelands
frequently show various sequences of species correlated with slope and exposure of
underlying strata (mapping unit B2.2). On steeper slopes there is Ptilotus obovatus low
open shrubland, and samphire (Sclerostegia tenuis) as a very sparse low open shrubland
on gentler slopes (Figure 3.12(d). Associated species include Sclerolaena spp. and
occasionally low bluebush.

Vegetation associated with drainage

Areas of inundation both in dune fields and tablelands, although small in size, contain
distinctive vegetation. The species present depend primarily upon the frequency of
inundation, the salinity of the soils, or the terrain characteristics.

Associated with depressions and deflation areas adjacent to larger swamps, small lakes
and some claypans are sparse, tall, open shrublands, with dead finish (Acacia
tetragonophylla) and mulga (A. aneura and A. brachystachya) - mapping unit Cl.1. This
vegetation has been distinguished from swamp vegetation (mapping unit C2) as it has
many similarities with typical swale vegetation. High species richness was recorded,
with the majority of species being ephemerals (e.g. Goodenia pinnatifida and
Zygophyllum aurantiacum) considered to be indicative of vegetation degraded by grazing
and scald formation.

Swamp areas frequently inundated (for an arid environment) carry a tall grassland of
perennial canegrass {Eragrostis australasica) usually in association with lignum
(Muehlenbeckia cunninghamii) - mapping unit C2.1. The perennial shortgrasses
Eragrostis setifolia and E. falcata {neverfail) dominate the ground cover in such areas.
This vegetation sequence is shown in profile in Figure 3.13.

In fresh water swamps less subject to inundation than canegrass areas, the character
species is cottonbush (Maireana aphylla) forming a low open, or occasionally open,
shrubland (mapping unit C2.2). It occurs on the upper margins of canegrass swamps
{(Figure 3.13) and in local drainage lines. Lignum is present on lower lying ground, while
on higher ground saltbush and Sclerolaena divaricata are found.

The fringes of lakes and water courses sometimes possess a fringing woodland of tea tree
(Melaleuca pauperiflora} and occasionally broombush (M. uncinata) - mapping unit C2.3,
as shown in profile in Figure 3.13. These are infrequent in the Study Area, but are more
common elsewhere in the region (Lay 1972; Jessup 1951). All tea tree areas inspected in
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CANEGRASS SWAMP SEQUENCE Equivalent to vegetation mapping unit C2.1 with C2.2 fringe
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the Study Area possess no other ground cover, which could be a consequence of swamps
acting as a focus for grazing.

Where conditions are more saline, samphire communities (Halosarcia indica and
Sclerostegia tenuis) are found (mapping unit C2.4). There are few of these in the Study
Area, and they usually occur at large lagoons, with local occurrences around some
station dams (e.g. Myall Dam on Roxby Downs). Figure 3.13 shows in profile the
vegetation adjacent to a large lagoon with C.2.4 samphire low open shrubland (Halosarcia
indica) at the base and a fringe of C.2.3 tea tree shrubland (Melaleuca pauperiflora).
Also shown on the escarpment is B2.2 Ptilotus low open shrubland, typical of tableland
dissection slopes, and A.2.2.1 mulga woodland (Acacia aneura) on the sand cover of the
tableland surface.

Figure 3.14(a} shows a sequence of the swamp fringe vegetation. At the edge of the
claypan, in relatively saline conditions, samphire (Halosarcia indica) occurs. Further
from the edge in less saline conditions canegrass (Eragrostis australasica) predominates.
On the outer fringe is a tea tree woodland.

The densest vegetation encountered in the Study Area, and the least abundant in terms
of the proportion of the Study Area occupied, is open scrub associated with swamps and
solution cavities in the Andamooka Limestone {(mapping unit C2.5). This is illustrated in
Figure 3.14(b). Mulga (Acacia brachystachya and less frequently A. aneura), bullock
bush, dead finish, A. oswaldii, and native pittosporum (Pittosporum phylliraeoides)
provide most of the scrub cover.

Although not mapped as a separate vegetation unit, incised water courses of tablelands
show marked contrasts to the plateau surfaces and slopes by their possession of a tall
shrubland or occasionally low woodland (Figure 3.14(c)). In the deeper water courses, the
woodland may be dominated by tea tree, but it is more usual for a mixture of dead finish,
some mulga, native pittosporum, bullock bush and a native plum variety (Santalum
lanceclatum).

3.4.2 Status and significance of vegetation

The status and significance of the Study Area vegetation are related to the degree to
which past land use has altered the original vegetation, the extent to which similar
vegetation is conserved elsewhere, and the occurrence of protected and rare plant
species.

Effects of past land use

The vegetation of the region has been degraded by past land use. The main changes are
due to grazing by stock and rabbits; to timber harvesting for commercial use, firewood
and fencing; and to changing fire regimes.

Damage occurring in South Australian arid range lands due to stock grazing was
recognized last century (Goyder in SAPP No. 78, 1865-66; Dixon 1892). In areas with
ready water supplies, such as the Flinders Ranges, overgrazing had eliminated most of
the original perennial shrub vegetation and created grasslands by the turn of the century
(Barker 1970; Vickery et al. 1975). This pattern of degradation continued as new areas
were brought into production (Ratcliffe 1936; Fatchen 1978). In areas such as the region
around Olympic Dam, chenopod shrublands (e.g. saltbush/bluebush shrublands in the Study
Area) have suffered the most degradation (Newman and Condon 1969). As part of his
surveys, Jessup devised a method (based on observations of shrub densities in relation to
suil type) which allowed estimation of densities prior to introduction of stock. The ratio
of computed original bush densities to the densities he observed in 1945-50 illustrates
the severity of the damage in the region. Ratios of original densities to those of 1950
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a Typical swamp fringe. Coorlay Lagoon. Clavpan right foreground
samphire ( Halosarcia indica) on edge of lagoon, with canegrass
(Eragrostis australasica) and tea tree (Melaleuca pauperiflora)
midphoto at base of escarpment.

gﬂ _.;,-“’- "-"

b Mapping unit C2.5. Mulga (Acacia aneura) groves ¢ Table Creek at Coorlay Lagoon. Prilorus obovaius
in a mulga ‘swamp’ bordering a local drainage on dissection slopes. foreground. dead finish
depression. In the foreground saltbush (Acacia tetragonophyiia) along creek bank right
(Arriplex vesicaria) and iceplant (Aizoon background. and Maireana pyramidara and
quadrifidium). Sclerolaena divaricara in the creek, middle ground.

Figure 3.14
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are 22:12 in the northern part of Roxby Downs, 59:20 for some areas nearer Roxby
Downs Station and 14:3 about the homestead, with the most spectacular losses being
recorded on the Purple Downs and Roxby Downs Station boundaries near Coorlay Lagoon
{35:2). These major changes in vegetation resemble the documented decimation of shrub
species by pastoralism in similar country elsewhere (Fatchen 1978). In the Study Area
itself, the most notable effects are the widespread thinning and removal of perennial
shrub species' populations {particularly around stock watering points}, and the apparent
failure of major tree species to recruit.

Rabbits are a major problem in the Australian arid zone, where warren complexes are
easily established in the light soils. Although their numbers are partially controlled by
indigenous and introduced predators, by myxomatosis, and by the harsh climatic
conditions, rabbits breed periodically to plague proportions in times of abundant feed.
The main controlling factor then becomes lack of feed during times of drought, which
results in major damage to established trees, shrubs and freshly germinated perennial
plants. Cochrane and McDonald (1966) and Crisp (1978) have demonstrated that viable
regeneration of these species (in particular myall and mulga) is dependent on the almost
total absence of rabbits. In the Olympic Dam Project Area, rabbits are mainly
established in the low sand dunes and their immediate margins, but they forage across
much of the gibber-covered swale areas. Assessment by officers of the Vertebrate Pest
Control Authority (Downward 1980) has shown that their density and distribution would
be similar to that for comparable areas in other parts of the arid zone. It is notable that
field observations in the Study Area indicated no regeneration of native pine, and almost
no regeneration of mulgas or myall. Western myall has characteristic growth stages
(Lange and Purdie 1976) enabling age estimation. Almost all myalls observed were more
than seventy-five years old, a small number were aged between thirty and sixty, while
only one or two seedlings were noted.

European settlement has had other direct effects on the vegetation. Local timber has
usually been used for firewood and fencing. Fatchen and Reid (1980) cite an example
where native pine stands on sand ridges have been reduced to half their original density
over 120 years of harvesting. Cleland {(1930) documents the almost complete elimination
of sandalwood {Santalum spicatum) from the north-west during 1928-29, when the trees
were cut for sale in Asia.

It has been suggested that Aborigines maintained particular vegetations by their frequent
and widespread setting of fires (Tindale 1959}, and that the advent of Europeans brought
about landscape changes simply by altering the fire regimes. Bolton and Latz (1978) and
Latz and Griffin (1977) suggest that there has been a major diminution of the frequency
of wildfires but an increase in the intensity of those wildfires which do occur. This is a
result of European settlement and the migration of nomadic tribes from arid areas, with
Europeans actively preventing indiscriminate fire-setting. Lay (1976) has demonstrated
that many of the perennial tree species in the southern rangelands are adversely affected
by intense fire, hence 'the European prevention of what amounted to fuel reduction
burning ... may well have resulted in landscape change' (Fatchen and Reid 1980).

Conservation status of vegetation

The main vegetation sequences on dume fields and tablelands are widely replicated
outside the Study Area. Even the drainage-related vegetation sequences which are
uncommon (i.e. tea tree woodlands fringing swamps, and mulga/dead finish open scrub
associated with solution cavities) are widespread, although infrequent, cutside the Study
Area. Thus the vegetation of the Study Area is not considered to possess any special
regional significance.

However, despite recent park acquisitions in the north-east of the State and on the

Nullarbor by the South Australian National Parks and Wildlife Service, many of the arid
landscapes of South Australia remain poorly represented within parks or other reserves.
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In particular, there is no conservation reserve within the north-west pastoral area, and
vegetations specific to this region (especially those of the stony tablelands) therefore
have no representation in reserves at all. Other vegetations owe much of their current
conservation to the existence of two very large but distant desert parks, one in the far
west of the State and the other in the Simpson Desert. The conservation status of
vegetations in the Study Area, based on that recognized by Specht et al. (1974), is
indicated in Table 3.8.

Table 3.8 Conservation status in South Australia of communities found in the Study
Area

Community Equivalent in Conservation status

(Specht et al. 1974) this study Specht et al. 1974 Current *

Low open woodland

Callitris columellaris Native pine Reasonable Reasonable

Acacia papyrocarpa Myall Reasonable Reasonable

Tall shrubland

Acacia aneura - Mulga Reasonable Reasonable
A. brachystachya

A. linophylla ~ Sandhill mulga Probably Probably
A. ramulosa reasonable reasonable

Acacia - Eremophila ~ Sandhill wattle - Reasonable Reasonable
Dodonaea - Cassia hopbush

Low shrubland

Atriplex vesicaria Saltbush - low bluebush Reasonable Good

Atriplex vesicaria - Saltbush (tableland) Nil Nil
Ixiplaena leptolepis

Maireana sedifolia Bluebush Reasonable Good

Maireana astrotricha Saltbush - low bluebush Reasonable Reasonable

Maireana aphylla Cottonbush {swamp fringes) Nil Nil

Muehlenbeckia cunnighamii Canegrass (associated species) Moderate Moderate

Halosarcia and others Samphire swamps Reasonable Reasonable

Hummock grassland

Zygochloa paradoxa Sandhill canegrass Excellent Excellent

Tussock grassland

Eragrostis australasica Canegrass swamps Nil Little

Not listed by Specht et al. Tea tree swamps and fringes - Nil

(Melaleuca pauperiflora -
M. uncinata - M. lanceolata)

* Estimated on basis of arid zone reserve creation since 1974.

Occurrence of protected and rare plant species

A list of species known to be present in the Study Area is given in Table 3.9.
The following plants, protected under the National Parks and Wildlife Act 1972-1981,
are found in the Study Area:

. bullock bush (Heterodendrum oleaefolium)

. emu bush (Eremophila longifolia)

. quandong (Santalum acuminatum)

. native pittosporum (Pittosporum phylliraeoides)

. Sturt pea {Clianthus formosus).

Note that sandalwood (Santalum spicatum), which is protected under the Sandalwood Act
1930-1975, was not observed in the Study Area, although it may be present.
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Table 3.9 Plant species known to be in Study Area

Marsilieaceae
Marsilea drummondii

Cupressaceas
Callitris columellaris

Ajzoaceae
Aizoon quadrifidum

Carpobrotus rossii

Amaranthaceae
Amaranthus grandiflorus (2)
Ptilotus obovatus

Ptilotus polystachyus

Asteraceae
Angianthus pusillus
Brachyscome ciliaris
Craspedia sp.

Ixiolaena leptolepis
Minuria denticulata

Minuria leptophylla
Myriocephalus stuartii

Boraginaceae
Echium plantagineum
Trichodesma zeylanicum

Brassicaceae
Brassica tournefortii

Lepidium sp.
Caesalpiniaceae

Cassia nemophila var. coriacea
Cassia nemophila var. platypoda

Campanulaceae
Wahlenbergia sp.

Chencpodiaceae
Atriplex inflata
Atriplex limbata
Atriplex spongiosa

Atriplex velutinella
Atriplex vesicaria
Babbagia acroptera
Chenopodium nitrariaceum
Dissocarpus paradoxus
Enchylaena tomentosa
Halosarcia indica subsp.
leiostachya (formerly

Arthrocnemum leiostachyum) (2}

Maireana aphylla
Maireana astrotricha
Maireana brevifolia
Maireana erioclada
Maireana georgei
Maireana pentatropis
Maireana pyramidata
Maireana sclerolaenoides
{formerly Sclerolaena
sclerolaenoides)
Maireana sedifclia
Malacocera tricornis {(?)

Rhagodia nutans
Rhagodia spinescens var.

deltophylla
Salsola kali
Sclerochlamys
brachyptera (formerly
Sclerolaena
brachyptera)
Sclerolaena decurrens
Sclerolaena diacantha

Sclerolaena divaricata
Sclerolaena intricata
Sclerolaean lanicuspis
Sclerolaena obliquicuspis
Sclerclaena patenticuspis
Sclerclaena ventricosa

Sclerostegia tenuis
{formerly Pachycornia tenuis)

Convolvulaceae
Convolvulus erubescens

Cucurbitaceae
Citrullus lanatus
{formerly Citrullus vulgaris)

Euphorbiaceae
Euphorbia drummondii
Euphorbia tannensis
Phyllanthus fuernrohrii

Fabaceae

Crotalaria cunninghamii

Crotalaria dissitiflora

Swainsona microcalyx subsp.
adenophylla

Indigofera sp. aff. L. brevidens
var. uncinata

Tephrosia sphaerospora

Frankeniaceae
Frankenia pauciflora

Geraniaceae
Erodium cyngneorum

Goodeniaceae
Goodenia cycloptera
Goodenia pinnatifida

Lamiaceae
Teucrium racemosum

loranthaceae

Lysiana exocarpi
Lysiana murrayi

Malvaceae

Abutilon otocarpum
Hibiscus krichhauffianus
Malvastrum americanum
Sida ammophila

Sida corrugata vars.
Sida fibulifera

Sida virgata

Mimosaceae
Acacia aneura
Acacia brachystachya

Acacia kempeana
Acacia ligulata

Acacia linophylla

Acacia oswaldii

Acacia papyrocarpa
(formerly A. sowdenii) {3)

Acacia ramulosa (1)

Acacia tetragonophylla

Myoporaceae
Eremaphila duttonii

Eremophila glabra
Eremophila latrobei

Eremophila longifolia
Eremophila paisleyi (1)
Eremophila sturtii
Myrtaceae

Melaleuca pauperiflora
Melaleuca uncinata

Nyctaginaceae
Boerhavia diffusa

Pittosporaceae
Pittosporum phylliracoides

Polygonaceae
Muehlenbeckia cunninghamii

Portulacaceae
Calandrinia remota
Portulaca oleracea

Proteaceae
Hakea leucoptera

Santalaceae

Exocarpos aphyllus
Santalum acuminatum

Santalum lanceglatum

Sapindaceae

Dodgnaea angustissima
(formerly Dodonaea attenuata)

Heterodendrum oleaefolium

Scrophulariaceas
Morgania floribunda

Solanaceae

Lycium australe
Nicotizna glauca
Solanum spp.

Tetragoniaceae
Tetragonia eremaea

Zygophyllaceae
Tribulus terrestris
Zygophyllum aurantiacum

Poaceae

Aristida browniana
Aristida contorta
Astrebla spp.
Brachiaria praetervisa
Dactyloctenium radulans
Enneapogon avenaceus
Enneapogon cylindricus
Enneapegon polyphylius
Eragrostis australasica
Eragrostis dielsii
Eragrostis falcata
Eraprostis laniflora (1)
Eragrostis setifolia
Eriachne helmsii (1)
Neurachne munroi (1)
Panicum sp.
Paractaenum novae-hollandiae
Plagiosetum refractum
Sporobolus actinocladus
Stipa nitida

Tragus australianus
Tripogon loliiformis (1)

Triraphis mollis
Zygochloa paradoxa

(1) Species rare as noted by Specht et al. {1974).

{2) Species depleted (population originally widespread but now reduced in area) as noted by Specht et al. (1974).
(3) Species of geographical importance as noted by Specht et al (1974).
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Bullock bush

Bullock bush is one of the most commonly occurring secondary species in the dune fields
of the Study Area. As with other palatable shrub and tree species, bullock bush shows
little regeneration within the Study Area, except for occasional cases in areas
where stock fail to penetrate.

Emu bush

Emu bush is rare. There appears to be no area of concentration, and the few
occurrences noted are dispersed through the dune fields. The species appears to be
regenerating satisfactorily. '

Quandongs

Although quandongs are generally uncommon in the Study Area, there are some local
concentrations. These are found in association with myall, but only in those groves
over Andamooka Limestone (geological regime A). However, the frequency of myall
groves known to be in this regime indicates that quandongs would be more frequently
encountered further to the south in the Study Area, outside the areas of the field survey.

Native pittosporum

Native pittosporum is uncommon in the Study Area, except in the tableland creeks
(where it is a common member of the creek community), in solution cavities (where one
or two individuals are usually present), and at some stock dams. Individuals are usually
found surrounded by a group of juveniles which are generally heavily grazed.

Sturt pea: The Sturt pea has been noted in large concentrations at only two localities
in the Study Area. The species can be expected to be reasonably frequent in dune field
areas when seasons are appropriate. It is, however, considerably reduced by domestic
grazing.

3.43 Vegetation impacts and mitigation

Figure 3.15 shows the outline of the proposed development within the Project Area in
relation to the vegetation mapping units. The operations area is almost entirely in
A2.2.2 - mulga woodland/sandhill wattle tall open shrubland on widely spaced dunes, with
saltbush/low bluebush low open shrubland on red calcareous earths in the interdunal
corridors. The town will be sited amongst a mixture of dune field vegetation sequences.
The southern part of the town development is in A2.1.2 {mulga woodland tall open
shrubland on moderately spaced dunes, with saltbush/low bluebush low open shrubland in
the interdunal corridors), the north-eastern part is in Al.1 (mulga woodlands on closely
spaced dunes), while the north-western part is in Al.2 (native pine woodlands on closely
spaced dunes).

As noted above, the vegetation of the Study Area has been degraded by past grazing and
is widely replicated throughout the region. In addition, there are only limited vegetation
types of some conservation significance in the Project Area: the infrequent occurrences
of mulga swamps, open scrubs associated with solution cavities, and canegrass swamps.
Therefore, in assessing impacts in relation to vegetation, the primary importance of the
native vegetation in the Project Area is considered to be its role in preventing erosion.
In the town area, additional consideration is given to the amenity value of vegetation,
particularly the western myall groves.
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Stability and resilience

There is a distinction between the vegetation associated with sand and that associated
with structured soils in relation to their roles in the control of soil erosion. The
perennial shrub vegetation of the structured soils {saltbush and bluebush) provides a
major guard against erosion, as it has high stability (ability to resist damage). However,
if this shrub cover is removed, so is the initial erosion protection. Where gibber
pavements are present, this may have no further consequerces other than a reduction in
long-term plant productivity, and slight changes in surface hydrology. Where gibbers are
not available as a subsidiary soil protection, surface soils will be lost through water and
wind erosion. The shrub vegetation has low resilience (ability to recover from damage),
the consequences of which are scald formations, and the necessity of using mechanical
means for regeneration. Thus, despite a high initial stability, the perennial shrublands on
structured soils have very little resiliency.

The ground cover of sand areas is dominated by grasses and herbs which tend to be
ephemeral. They appear rapidly after rains, but die off quickly with the return of
drought conditions. The trees and tall shrubs on sands provide the main long-term
erosion protection, but the ephemeral nature of the understorey means that, for much of
the time, the sand surface will not be bound and local surface drift will be present, even
in the absence of any imposed impact. Ephemerals when present, even if dead, can bind
the sand surface and minimize sand movement (Fatchen and Barker 1979), but as they
are easily removed (through grazing by stock or rabbits, or by human trampling) local
drift is readily initiated. However, the reproductive capacity and growth habit of
ephemerals is such that, following effective rain, a crop will rapidly appear and restrict
such local drift. Therefore, while vegetation on sands has low stability, it possesses high
resiliency.

Species relationship to dune mobility

Four sets of character species are recognized on deep sands (surface sands deeper than
1.5 m). In approximate order of increasing dune mobility these are:

. sandhill mulga (Acacia linophylla and A. ramulosa)

. native pine (Callitris columellaris)

. sandhill wattle /hopbush (Acacia ligulata and Dodonaea angustissima)
. sandhill canegrass (Zygochloa paradoxa).

Sandhill mulga woodlands have extensive ephemeral cover under favourable conditions:
up to 70% cover was recorded by Graetz and Tongway (1980). Actively growing
ephemerals providing cover of this magnitude will almost completely eliminate any
surface sand movement, although disappearance of such cover under drought conditions
would lead to an increase in drift.

Native pine groves are almost devoid of ground cover, which is believed to result from an
allelopathic effect (the leaching of a toxin from native pine foliage or ground litter
which inhibits the germination or growth of potential understorey species). Minor local
drift is present in pine groves as a consequence of this lack of ground cover, but the
trees themselves prevent such drift assuming major proportions.

The sandhill wattle/hopbush tall shrubland is associated with blowouts and mobile areas
in dunes. Sandhill canegrass hummock grassland, which is usually associated with
isolated dunes, is indicative of areas of sand drift. Thus an indication of the degree of
sand movement (dune movement, blowouts, local drift, and drift in dry conditions) can be
obtained from the distribution of these character species on sand dunes.
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Operations area

Figure 3.16 shows the vegetation in the operations area which has some conservation
significance (all associated with drainage features - mulga swamps, open scrub around
solution cavities, and canegrass swamps), as well as areas with some potential for sand
movement {sandhill wattle/hopbush on sand ridges and native pine groves). There are
only infrequent, isolated occurrences of drainage-related vegetation in this area.

The sand ridges contain a high proportion of sandhill wattle/hopbush cover, indicating
potential for blowout formation, although major areas of blowouts are confined to the
east of the tailings retention area. Sandhill canegrass, indicating more active sand
movement, is generally absent, with the only small area being at a break in the dune
ridge crossed by the main north access road {east of the tailings retention area). Pockets
of native pine are present, but these are generally away from the principal areas of
development. The more stable mulga woodlands are on the eastern margins of the mine
and plant areas.

The areas of intense development (the tailings retention area, plant area, mine area
surface development, and quarry) will require the elimination of the existing vegetation.
New roads and other transport corridors such as conveyors will also require vegetation
clearance. However, as the area of vegetation which will be cleared is small compared
with the total area over which similar vegetation occurs, and as significant areas of
native vegetation will remain between the cleared areas, this impact is not considered
significant.

Of the various air emissions from the mining and process operations, sulphur dioxide and
hydrogen fluoride have the most potential for impact on the surrounding vegetation.
Above certain threshold levels, sulphur dioxide and hydrogen fluoride are phytotoxic
to certain plants. Below 40 pphm (1,064 ug/m*® at 20°C), the sulphur dioxide gas tends
to be oxidized quickly as it is absorbed, and interference with functions such as
photosynthesis is slight. As the predicted yearly average ground concentrations of
sulphur dioxide are 20 ug/m® (Chapter 8}, no adverse impact is expected to occur to
vegetation due to sulphur dioxide. In the case of hydrogen fluoride, studies have shown
that species sensitive to fluoride may exhibit necrosis (die-off of the tips or margins of
leaves) when long-term average concentrations of gaseous fluoride exceed about
0.25 ug/m® . As the maximum long-term average concentration for hydrogen fluoride as
a result of plant emissions is 0.05 uyg/m®, no adverse impact is anticipated even for
species sensitive to fluoride.

Loss of vegetation leading to increased sand movement is probably the main
environmental concern. In detailed site planning, high priority will be given to the
retention of vegetation, particularly on dune fields, by locating development and roads
where practicable in interdune corridors and by limiting cross-dune connections. Careful
rehabilitation and land management will ensure that areas which are cleared or damaged
will be adequately restored.

The current limited regeneration of tree species, which are important for the long-term
containment of sand movement, will be improved by eliminating stock grazing and
controlling rabbit populations. Increases in the ephemeral understorey on dunes will also
be likely to result from this programme, further reducing local sand movement. This
programme will involve the erection of stock and vermin-proof fencing around the
Project Area, followed by a systematic rabbit control programme. Experimental broad
acre 1080 poisoning followed by warren destruction has already been successfully
employed in the Olympic Dam village area.

In addition, Clause 25(1)(b) of the Indenture Agreement includes the provision for a mine

buffer zone, within which access may be restricted to safeguard the public, the
workforce, and the environment, in relation to Project operatiomns. Such a buffer zone
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would assist in confining vegetation impacts to areas of development, and thus help to
retain the integrity of the landscape and its amenity value.

Legally protected plant species occurring within the operations area are bullock bush,
emu bush and quandong. Bullock bush is common in the operations area, emu bush is
present only as occasional groups or individuals (mainly associated with mulga swamps),
while quandong is found in scattered small groups or, more rarely, in association with
western myall groves. To compensate for possible loss of such protected species and
because these species are attractive tall shrubs or small trees, they will be incorporated
in general amenity plantings. Other protected species such as native pittosporum and
Sturt pea form part of the current amenity planting at Olympic Dam. Seed collection
and experimental germination of other species such as bullock bush is continuing.

Town site

The relationship between town planning and vegetation is discussed further in
Chapter 11. General impact and mitigation considerations are discussed here, while the
manner in which these considerations will be incorporated in town design are addressed
in Section 11.6.7.

The vegetation of the town site is predominantly mulga woodlands, which are
characteristic of stable dune fields. There are only isolated groves of native pine where
local drift can occur, and even fewer areas where sandhill wattle/hopbush tall shrubland
occurs which can be associated with dune blowouts. Thus, in its natural state, the town
site has a low propensity for sand movement.

Vegetation with some conservation significance is almost absent from the town site.
Two small mulga swamps and one canegrass swamp occur in the eastern margin of the
town, while several larger mulga swamps occur to the west of the town. There are no
open scrub communities associated with solution cavities.

Swales of moderate width which are common to a large area of the town frequently
contain groves of western myall, with either a grassy cover or a low open shrubland of
saltbush. In areas of moderately spaced dunes, western myall groves tend to be more
frequent around the edges of swales and internal drainage areas. These western myall
groves are considered significant for their amenity value, as this tree is the only shady
species in the area, it is shapely, and it provides an immediate source of town trees. The
myalls do not require a water subsidy above that provided by direct rainfall and run-off,
although they may show a marked growth response if additional water is provided (as
exhibited by the myalls in the present Olympic Dam caravan park}.

Heavy grazing pressure has also affected the perennial shrubland in swale areas. These
areas would once have carried saltbush, but in many instances vegetation cover has been
reduced to ephemeral species.

Legally protected plant species occurring within the area are bullock bush, emu bush and
quandong. Bullock bush, while common, does not appear to be as frequent as in the
operations area. Emu bush is present only as occasional groups of individuals, mainly
associated with the chain of mulga swamps to the west of the town area. Quandong is
found in scattered small groups or individually in association with western myall groves.

Town development will be more dispersed and less intense than development in the
operations area. There is also more flexibility available in the layout of the town
development than for the operations area, so more opportunity exists to reduce the
degree of impact. Some vegetation clearance will be required in establishing the town,
although garden planting and watering of native and exotic species will increase the
vegetative cover of areas not built upon. The town site vegetation has no particular
regional significance, as there are no vegetation types not represented elsewhere, and
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the main considerations therefore are the retention of amenity and the maintenance of
landform stability. On this basis, the following design criteria in relation to vegetation
will be incorporated with other factors in town planning:

. the maintenance of existing vegetation where practicable, particularly drainage-
related vegetation such as mulga and canegrass swamps;

. the avoidance where practicable of dune areas sensitive to disturbance or likely to
present sand drift problems and, where not practicable, the protection of such areas
by surface treatment;

. the general siting of most roads parallel to dunes in swale areas, and the
minimization of cross-dune roading;

. the alignment of roads, where possible, to avoid stands of myalls, which may result
in sinuous rather than straight roads;

. the siting of development primarily in swale areas;
the siting of houses near, or between, individual trees, but not in place of them;

. ensuring that an adequate water supply is available to myalls, either by avoiding
interception of run-off to myall groves or, alternatively, providing water to
compensate for interception loss.

Indirect impacts

The influence of the Project will extend over a larger area than that of the Project Area
itself. In particular, the recreational use of the surrounding country will affect the
vegetation in the region. Potential impacts are likely to include vegetation damage due
to off-road vehicle movement, use of picnic sites at points of interest resulting in a
reduced vegetation cover and increased erosion, and the removal of timber for firewood
and other uses. Recreation impacts are more likely to be concentrated at distinctive
landscape features, and swamp areas containing vegetation with some conservation
significance can therefore be expected to receive more intense use.

The incidence of wildfires is expected to increase, primarily in the remnant vegetation in
the vicinity of the town site and in informal recreation areas. The primary sources of
ignition are expected to be domestic rubbish burning, children, and poorly managed
barbecue fires. Fire incidence will usually be limited by seasonal conditions, and fires
are likely to be of low intensity. However, some loss of trees and ground cover can be
anticipated.

3.4.4 Flora monitoring

A vegetation monitoring programme has been established by Roxby Management Services
at Olympic Dam to provide an understanding of:

. the normal changes in vegetation, both seasonal and long-term
. the relationship of vegetation to landscape processes and integrity

. the relative influences and effects of the development and other land uses (not only
to monitor impacts, but also as an input to site management).
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Relevant information has been obtained using the following techniques:

. vehicle traverses for broad scale evaluation of gross changes in vegetation type and
distribution;
" 50 m radius quadrats at seventy-eight points along the vehicle traverses to record

species present, vegetative structure, dominant character species, and associated
landform and soil types;

. photopoints for taking stereopair photographs for visual appreciation, identification
of larger individual plants, tracing of shrub and tree canopy outlines, direct density
counts, and biomass estimation;

5 10 m? quadrats in the photofield for plant species' frequency, density, and cover,
as well as compound indices such as plant diversity coefficients and species'
importance values;

. species/area plots (100 x 10 m with a series of smaller quadrats) within the
photofield to measure changes in species richness and to develop a species/area
curve;

. perennial shrub counts of species considered important to landform stability on
100 x 1 m transects to measure changes in cover and density.

The location of the vehicle traverses and monitoring points are shown in Figure 3.17.
The information recorded in relation to the monitoring points is as follows:

Al
WHENAN
o SHAFT _

¥Mehicle Traverse
[

Note: Vegetation Mapping Units (refer Table 3.7)

Figure 3.17
FLORA MONITORING SITES

3-54



. 50 m radius quadrats: all monitoring points numbered greater than 100 recorded at
least once every five years;

. photopoints: monitoring points 1 to 21 recorded at approximately six-monthly
intervals;

. photofield quadrats: monitoring points 1 to 21 {except 6 and 19) at approximately
six-monthly intervals;

. species/area plots: monitoring points 1 to 21 (except 6 and 19) at approximately
six-monthly intervals;

. perennial shrub counts: monitoring points 2, 4, 8, 9, 16, 102, 112, 113 and 177 on
an annual basis.

3.5 FAUNA
3.5.1 Mammals

The mammals in the vicinity of Olympic Dam were sampled using traplines in
representative habitats and along transects through major terrain types (Figure 3.18).
The traplines were sited to sample a comprehensive range of possible mammal habitats,
with emphasis on the Project Area and the routes of infrastructure corridors near the
Project Area, These habitats were selected on the bases of:

. soil, plant and topographic divergence

. the presence of suitable cover and home sites

. sufficient diversity of food

. experience of mammal occurrence in similar environments.

Within each habitat, pockets of least disturbance and freshest growth were examined,
and the sites of maximum observed mammal activity among such pockets were trapped.
Most habitats were sampled in opposing seasons and at two widely spaced locations (or
more than two if the habitat was especially widespread in the region, or if initial results
were considered inconclusive). Transects across major terrain types were sited to
estimate relative population densities of medium to large ubiquitous mammals. The
three transects chosen covered gibber tableland, widely spaced dune sequences, and the
more closely spaced dune fields with the repetitive ridge/swale depression pattern.
Routes were chosen to sample maximum variation in each terrain type over about 30 km.

The native and introduced species found during the fieldwork, and mammals suspected of
being present based on other surveys in nearby areas but not found, are listed below.

Native species

Planigale gilesi (Paucident Planigale}): locally common, but apparently restricted to
cracking clay depressions with Mitchell grass (Astrebla spp.) and sparse low shrubs on
gibber tableland. Caught only in spring north of Bulls Head Vermin Gate (Figure 3.18,
trapline 13) and west of Mirage Lagoon {traplines 23, 24 and 25). No comparable habitat
was found within the Project Area. All females had recently-born pouch young,
indicating spring breeding. Elsewhere in Australia this species is locally common in
scattered pockets of similar habitat and also in sedgeland around swamps across north-
eastern South Australia, south-western Queensland and northern New South Wales.
Future collecting will almost certainly reveal it to be more profusely distributed within
this range.
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Sminthopsis macroura (Stripe-faced Dunnart): common but apparently restricted to
dense canegrass (Eragrostis australasica) swamp with deep crabholes, and cracking clays
with relatively close shrub cover on gibber tableland. This species has been caught in
autumn on a swamp south-west of the Project Area (trapline 4/15), and on gibber
tableland west of Mirage Lagoon (traplines 23, 24 and 25), and again in spring at the
same localities as well as on a swamp east of the Project Area (trapline 21) and on gibber
tableland north of Bulls Head Vermin Gate (trapline 13). No comparable habitat was
found in the Project Area. The few swamps present in the Project Area were too
severely degraded by cattle to be suitable. Subadults were taken in May and juveniles in
October, indicating both late summer and early spring breeding. Elsewhere in Australia
this species is common in a variety of habitats affording good cover throughout the arid
interior.

Sminthopsis crassicaudata (Fat-tailed Dunnart): common throughout the Project Area
and the surrounding region in all habitats sampled, except stony creek beds. This species
has been caught in autumn on stony swale with saltbush (Atriplex vesicaria)/bluebush
(Maireana sedifolia) shrubland and grasses at the operations area (trapline 7), and on
gibber tableland with sparse ephemeral herbs and grasses south of 12 Mile Dam (by hand),
then in spring at a lignum (Muehlenbeckia cunninghamii) swamp with crabholes south of
Bulls Head Vermin Gate (trapline 14) and a canegrass swamp with crabholes south-west
of the Project Area (trapline 4/15), on gibber tablelands with cracking clays and
relatively close shrub cover west of Mirage Lagoon (trapline 25) and with open shrub
cover north of Pine Ridge Dam (by hand), on sand plain with western myall (Acacia
papyrocarpa) woodland over saltbush/bluebush shrubland west of Myall Dam (trapline 3),
also on dunes with various plant associations, viz. canegrass (Zygochloa paradoxa) east
of Purple Downs homestead (trapline 18} and south of Bulls Head Vermin Gate
(trapline 14), speargrass (Stipa spp.) north of Myall Dam (trapline 5), saltbush and grasses
under mulga (Acacia aneura) and hopbush (Dodonaea angustissima) east of Axehead Dam
(trapline 17), native pine {Callitris columellaris) over bare sand east of Axehead Dam
(trapline 16), bindyi (Sclerclaena spp.) and grasses under mulga west of Coorlay Lagoon
{(trapline 19), and a tall shrubland of hopbush, needlebush (Hakea leucoptera), tarbush
(Eremophila glabra), kangaroo bush (Cassia spp.) and wattle (Acacia spp.) over bare sand
north-west of the Project Area (trapline 12). Additional specimens have been taken in
the Project Area by reptile collectors in winter on a bare dune with mulga and hopbush
500 m east of the Whenan Shaft, and by Roxby Management Services' personnel on a
swale with saltbush/bluebush shrubland 2.5 km north-north-east of Olympic Dam.
Juveniles were taken in October, indicating breeding in early spring. Elsewhere in
Australia this species is common in a wide variety of habitats spanning temperate, semi-
arid, and arid areas of the continent.

Macropus robustus (Euro): locally common, but restricted to the escarpments and
feeder creeks around Coorlay Lagoon. No comparable habitat was found in the Project
Area. Young of all ages have been observed in both autumn and spring, indicating
continuous breeding. Elsewhere in Australia this species varies from common to
abundant on suitable rocky habitats throughout the arid interior and on the east coast.

Macropus rufus (Red Kangaroo): common in all woodland, shrubland and grassland
habitats throughout the Project Area, the town site and the surrounding region,
especially on the sand plains north-west of Axehead Dam, the gibber tableland south of
12 Mile Dam and the dune/swales south of Burgoyne Ridge. Young of all ages were
observed in both autumn and spring, indicating continuous breeding. Population densities
on the three major terrain types in the region, estimated by night transect counts,
revealed no significant seasonal variation. Estimates were: gibber tableland (transect 1)
8.6/km? in autumn and 9.6/km? in spring, sand plain (transect 2) 30/km? in autumn and
26/km? in spring, and dune/swale (transect 3) 21.1/km? in both autumn and spring.
Elsewhere in Australia this species varies from common to abundant throughout the arid
interior, although its numbers fluctuate widely in response to regional droughts.
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Leggadina forresti (Forrest's Mouse): apparently uncommon, and restricted to cracking
clays with relative close shrub cover on gibber tableland. Only one specimen has been
caught in spring, west of Mirage Lagoon (trapline 23). Comparable habitat occurs north
of the State Dog Fence near Bulls Head Vermin Gate, and in the adjacent region of Billa
Kalina to the north-west (where this species has also been captured recently), but none
were found in the Project Area. The single sample caught in mid-October was a juvenile
about five weeks old, indicating early spring breeding, Elsewhere in Australia this
species is common (but never very numerous} in a wide variety of arid habitats
throughout the centre. In the southern Lake Eyre Basin it seems to prefer low shrublands
on stony or clay plains.

Tadarida australis (White-striped Mastiff Bat): common over all wooded habitats,
especially myall woodland and mulga scrub, throughout the Project Area and the
surrounding region, but only collected in autumn. Not one sample was either caught or
seen in spring, and a recent survey on Billa Kalina confirmed its absence from that
region in late summer also. This could indicate emigration of the population to another
climatic zone during the warmer months. Elsewhere in Australia this species is common
in both coastal and arid forests and woodlands across the southern half of the continent,
excluding Tasmania. It roosts in tree-spouts either singly or in groups of up to five.

Tadarida planiceps (Flat-headed Mastiff Bat): common, but apparently only in spring,
over the belt of myall woodland extending from Phillips Ridge Well westwards to beyond
Axehead Dam. Not collected anywhere in autumn and never collected over the Project
Area, but may inhabit other areas of suitable woodland in the region during spring.
Elsewhere in Australia this species is common in semi-arid woodlands throughout the
southern half of the continent. It roosts under bark or in dead trees and old buildings,
usually in small groups but occasionally in colonies of up to one hundred.

Nycticeius greyii (Little Broad-nosed Bat): common, but apparently only in spring, over
myall and mulga woodland in an arc south of the development site between Phillips Ridge
and Myall Dam. Not caught anywhere in autumn, and never caught over the Project
Area, but may inhabit other areas of suitable woodland in the region during spring.
Elsewhere in Australia this species is common in open woodland throughout much of the
inland. It roosts in tree-spouts, either singly or in groups of up to fifteen.

Nyctophilus geoffroyi (Lesser Long-eared Bat): common, but apparently only from
spring through summer, and restricted to sheltered, well timbered locations. Caught in
spring along a deep, dry, well-wooded creek bed west of Coorlay Lagoon (trapline 20) and
in summer by Roxby Management Services' personnel near a simall densely vegetated
solution doline in the Project Area about 1 km north-north-east of the Whenan Shaft.
Not caught anywhere in autumn. Elsewhere in Australia this species is common in most
habitats throughout the continent, except on Arnhem Land and Cape York. It normally
roosts in hollow trees or under bark in groups of up to five, but it sometimes lives in
caves, and larger groups are occasionally found in buildings.

Canis familiaris dingo (Dingo): common, but only north of the State vermin fence on
Billa Kalina and Stuarts Creek. Not found in the Project Area. Elsewhere in Australia
this subspecies in its pure form is common in all habitats outside sheep zones, but rare
and destroyed as vermin if found within the latter.

Introduced species

Mus musculus (House Mouse): common to abundant in swamps, creek beds, and on dunes
throughout the region; uncommon but at times erupting to abundance in all other
habitats including human structures. Caught on traplines 1, 2, 4, 5, 8-10, 12-21 and
23-25, also around the Whenan Shaft and the Olympic Dam wvillage. Juveniles were
present in April-May and October-November, indicating opportunistic breeding after
both summer and winter rains.
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Oryctolagus cuniculus (Rabbit): uncommon on gibber tableland, but superabundant in
other habitats throughout the region, especially on low dunes. Juveniles were most
plentiful in October-November, indicating an early spring breeding peak. Population
densities on the three major terrain types in the region, estimated by night transect
counts, revealed significant seasonal variation in favoured hahitats. Estimates were:
gibber tableland (transect 1} 20/km? in autumn and 27/km? in spring, sand plain
(transect 2) 101/km? in autumn and 192/km? in spring, and dune/swale (transect 3)
143/km? in autumn and 311/km? in spring.

Felis catus (Cat): uncommon on gibber tableland but abundant throughout other
habitats of the region, including human settlements. Pregnant females were present in
October-November, indicating spring breeding. Analyses of stomach contents from
thirty cats shot in various habitats during both autumn and spring yielded no native
mammal remains. Food was mainly rabbit, with proportionately decreasing amounts of
reptiles, birds, scorpions, centipedes, locusts and house mice. Population densities on the
three major terrain types in the region, estimated by night transect counts, revealed
some seasonal variation in favoured habitats. Estimates were: gibber tableland
(transect 1) none seen on transect in autumn or spring, sand plain (transect 2) 0.6/km? in
autumn and 2.7/km? in spring, and dune/swale (transect 3) 0.6/km? in autumn and 4/km?
in spring.

Vulpes vulpes (Fox): common in all habitats throughout the region. Analyses of
stomach contents from fifteen foxes shot in various habitats during both autumn and
spring yielded no native mammal remains. Food was almost entirely rabbit, with some
fruits and seeds and a small proportion of scorpions, centipedes, locusts and beetles.
Population densities on the three major terrain types in the region, estimated by night
transect counts, revealed some seasonal variation, but lower spring numbers may reflect
intensive winter shooting for pelts. Estimates were: gibber tableland (transect 1) 1/km?®
in autumn and 0.3/km? in spring, sand plain (transect 2} 0.8/km? in autumn and 0.6/km? in
spring, and dune/swale (transect 3) 1.1/km? in autumn and 0.5/km? in spring.

Mammals suspected of being present

Planigale tenuirostris (Narrow-nosed Planigale): recent surveys in the similar and
adjacent regions of Billa Kalina to the north-west and Mulgaria to the north-east have
proved this species to occur in both. It is reasonable to assume, because of habitat
continuity, that it will also be found in the Olympic Dam region but it has so far avoided
capture, If present, it is likely to be restricted to its usual habitat of cracking clays on
gibber tableland such as those north of Bulls Head Vermin Gate, west of Mirage Lagoon
and north of Pine Ridge Dam. Elsewhere in Australia this species is locally common in
similar areas of cracking clays across central South Australia, northern New South Wales
and southern Queensland.

Antechinomys laniger (Kultarr): recent museum specimens from the similar regions of
Wirraminna to the south and Oodnadatta to the north show that the Olympic Dam region
is within the range of this species and, because its preferred habitats include dunes,
gibber tableland and mulga scrub, all of which are widespread around Olympic Dam, it is
reasonable to assume it might be found there. This probability was strengthened by the
fact that drilling and local station personnel reported five sightings of 'small hopping
mice with long bushy tails' in the region during the past year. Such a description could
fit only a Kultarr or one of the true hopping mice (Notomys spp.). Hopping mice are
doubtful candidates because they are relatively easy to catch, communal rodents, which
live in easily recognizable burrows and are unlikely to have been overlooked on the
surveys. The Kultarr, on the other hand, is a notoriously evasive, solitary and nomadic
marsupial insectivore, which could easily have missed detection. Elsewhere in Australia
this species is apparently uncommeon, but nevertheless evenly distributed, in a wide
variety of habitats throughout the inland. Its uncommon status is almost certainly more
presumed than real, and due to the fact that it is difficult to collect.
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Impact and mitigation

The environment of the Olympic Dam region has become increasingly degraded over
more than a century of pastoral exploitation. In addition, the region has been overrun
for nearly a century by an exotic herbivore {the rabbit), two exotic predators (the fox
and the cat), and an exotic granivore (the house mouse).

Many native mammals once found in the region have now vanished because they could
not adjust to the altered environment created by these aliens. Those still living there
are either tough and adaptable opportunists which have learned to survive in the altered
environment, or highly mobile aerialists which were immune to predation by man, foxes
and cats, did not compete with house mice, and were unaffected by the vegetational
changes resulting from stock and rabbit grazing.

All species of native mammals found {(or suspected of being present) in the region share
one or other of these life strategies. They are all widespread, secure and, at least
locally, common, not only around Olympic Dam but also in the State of South Australia
and throughout their large ranges elsewhere in Australia.

No rare or endangered species of native mammals were detected in the Study Area and,
given the known ecological requirements of possible candidates plus the degraded nature
of all habitats, it is almost inconceivable that any could be present. Furthermore, no
rare native mammal habitats were discovered, and no regionally significant native
mammal habitats were found to be unique to the Project Area or to the access corridors.

Development of the operations area, the town, and the access corridors for essential
services will eliminate the majority of terrestrial native mammals from the sites
affected, because they will be unable to tolerate the soil disturbance and alteration of
ground vegetation involved. Few will actually be killed by construction operations, since
construction will necessarily proceed slowly and sequentially, allowing most to escape.
Some, however, may later succumb to territorial conflicts imposed during re-
establishment. Aerial native mammals will be less dispossessed, because they are not so
dependent on ground cenditions and, although they may lose some potential roosts, will
still be able to feed over the affected sites.

It is inevitable that, when the Project proceeds, some loss of native mammals and their
habitats must be expected. However, because no rare or endangered mammals or
regionally unique mammal habitats will suffer, these impacts are not considered to be
significant. Any losses sustained will involve only widespread, common and secure
species or their habitats, and will be of such minimal proportions that the overall
viability of both will be unimpaired, not only in the context of their total Australian
distributions but also in the Olympic Dam region.

For the larger more nomadic species, such as kangarocs, euros and dingoes, no major
barriers which would impede their normal mobility will be erected other than the
vermin-proof fence which will surround the Project Area. Pipelines will either be buried,
or, if raised, crossings will be provided where appropriate.

Where practicable, rain collecting depressions will be kept away from roadsides. As
kangaroos are attracted to these after rains and are often startled by passing traffic
while drinking, vehicular accidents may result.

Unlike terrestrial species, bats (the aerial mammals of the region) will benefit from
measures designed to conserve trees. All bats in the region need trees both as roosts and
as reservoirs for their insect prey and, although trees of any type are important, their
favourites are the hollow-spouted myalls which are most profuse in a belt traversing the
northern sector of the town site. As many of these myalls as possible will be preserved
in the town because of their amenity value.
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3.5.2 Avifauna
Regional context

The Australian arid zone supports a distinctive 'Eyrean' avifauna (Spencer 1896; Keast
1981), albeit with some debate on its precise geographical and compositional definition.
Schodde (1982) identifies ten water birds and seventy-eight land birds, the evolutionary
origins of which probably lie in arid Australia. However, 220 species are currently
distributed naturally and extensively in inland Australia, the majority having evolved in
less arid parts of the continent or elsewhere. Fatchen and Reid (1980) identified
184 species considered to be potential inhabitants of the Olympic Dam region on the
basis of vegetation, terrain and bird distributional data. Some 127 have currently been
recorded.

An important characteristic of the Eyrean faunal subregion is its size: it encompasses
the Australian arid zone (or 70% of the continent). Most of the birds of this zone have
enormous geographical ranges, many almost spanning the continent, with only a few
restricted to small areas.

Available habitats in the Olympic Dam area have affinities with the sand ridge deserts in
the Lake Eyre basin, the western myall woodland of northern Eyre Peninsula, the mulga
woodlands of the Great Victoria Desert and the more central arid areas, the chenopod
steppes of the Nullarbor and, to a lesser extent, the native pine woodlands of the
Flinders Ranges (Fatchen and Reid 1980). In consequence, the avifauna is moderately
diverse. Two important arid habitats which are widespread in the southern arid zone but
largely lacking in the Olympic Dam area are eucalypt-lined water courses and hills or
ranges. Accordingly, there are avifaunal differences between the Study Area and
adjacent regions in which these habitats are well represented (Badman 1979, 1981}.

Incidence of species

Table 3.10 gives the results of seasonal surveys in 1981, which recorded 116 species,
including two non-natives. Of the eleven additional species recorded prior to 1981 (but
not during baseline surveys), about half were encountered by McGilp (1949) in the
phenomenally good winter of 1947. Sixty-three per cent of the species recorded in 1981
are common in the State, 30% are moderately common and the remainder are
uncommon. None is regarded as rare or vagrant in South Australia.

Table 3.10 also lists abundance data, by month, for the land birds recorded during four
field trips in 1981, The largest number of species was recorded in September (seventy-
four}) with the least in March {fifty-nine). On average, 17.6 species were recorded in
March traverses compared with twenty-seven species in September. Several factors are
responsible for the seasonal variation evident in Table 3.10. Arid zone birds exhibit
varying degrees of sedentariness. Some will be vagrants in the Study Area, occurring
only occasionally and not breeding. The Peregrine Falcon, Australian Hobby and Black-
shouldered Kite are best considered vagrants in the area at present. Other species will
be frequent visitors either on a seasonal {migratory) or irregular (nomadic) basis. The
Masked Wood-swallow, White-winged Triller, Red-backed Kingfisher, Crimson Chat and
Rainbow Bee-eater are good examples. Some species maintain resident breeding
populations which are augmented by influxes of nomadic conspecifics (members of the
same species) when conditions are suitable, either on a seasonal or an irregular basis.
The Australian Raven, Little Crow, Zebra Finch, Galah, Spiny-cheeked Honeyeater and
Bourke's Parrot are probable examples in the Study Area. Finally, some sedentary
species doubtless maintain a permanent breeding population which is subject to
fluctuations in density, not through immigration and emigration, but through breeding in
good seasons and decline in drought. These would include the Grey Butcherbird and
Australian Magpie in the Study Area.
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Table 3.10 Abundance of birds in the Olympic Dam region during baseline surveys,

1981
SA
Status March May September December
Emu Dromaius novaehollandiae MC 0.07 0.22 0.12 0.10
W Hoary-headed Grebe Poliocephalus poliocephalus MC {1;3) {45} (3;28) (2;4)
W Australasian Grebe Tachybaptus novaehollandiae C {1;1} (134)
W Great Cormorant Phalacrocorax carbo C [1:1) (151)
W Pied Cormorant Phalacrocorax varius C {151}
W Little Black Cormorant Phalacrocorax sulcirostris C {1;1)
W Little Pied Cormorant Phalacrocorax melanoleucos C 0.02
W White-faced Heron Ardea novaehollandiae C (231) 0.15 (1;1)
W Straw-necked Ibis Threskiornis spinicollis C (1;1)
W Black Swan Cygnus atratus C (15138)
W Freckled Duck Stictonetta naevosa U (1;4)
W Australian Shelduck Tadorna tadornoides C (1;1)
W Pacific Black Duck Anas superciliosa C 0.02
W Grey Teal Anas gibberifrons C 0.05 0.10 (3;68) (2;3)
W Chestnut Teal Anas castanea MC {(1;1)
W Australian Shoveler Anas rhynchotis U {1;2)
W Pink-eared Duck Malacorhynchus membranaceus MC {3;3)
W Hardhead Aythya australis MC (1;12)
W Maned Duck Chenonetta jubata C 0.05 (1;4)
Black-shouldered Kite Elanus notatus cC (11}
Black Kite Milvus migrans C 0.71 0.80 0.88 0.98
Whistling Kite Haliastur sphenurus C 0.46 0.49 0.49 0.61
Brown Goshawk Accipiter fasciatus MC .02
Wedge-~tailed Eagle Aquila gudax MC 0.49 0.44 0.49 0.46
Little Eagle Hieraaetus morphnoides MC 0.05 0.05 0.20 0.22
Spotted Harrier Circus assimilis MC 0.02
Black Falcon Falco subniger MC 0.10 {4;1} (1;1) 0.07
Peregrine Falcon Falco peregrinus U {1;1)
Australian Hobby Falco longipennis MC 0.02
Brown Falcon Falco berigora C 0.22 0.12 0.41 0.49
Australian Kestrel Falco cenchroides C 0.17 0.34 0.59 0.51
Little Button-quail Turnix velox C {2;1) (1;1)
W Eurasian Coot Fulica atra C {1;1} (13300
W Masked Lapwing Vanellus miles o 0.07 0.02 (3;6) (134
Banded Lapwing Vanellus tricolor MC (133 {1;3) 0.02 (2;2)
W Red-capped Plover Charadrius ruficapillus C (13170} {1;10) {1;32)
W Black-fronted Plover Charadrius melanops C (3;4) 0.02 (2;2) (3;1)
Inland Dotterel Peltohyas australis MC (1:12) (1;1) (1;14)
W Black-winged Stilt Himantopus himantopus C (1;2)
W Banded Stilt Claderhynchus leucocephalus MC 0.05
W Red-necked Avocet Recurvirostra novaehollandiae MC (1512) [1:1) (1;1)
W Greenshank Tringa nebularia C (1;18)
W Sharp-tailed Sandpiper Calidris acuminata C (1;180) (1;32)
W Red-necked Stint Calidris ruficollis C (1;43) (1;2)
W Curlew Sandpiper Calidris ferruginea C (1;9) (1;10)
Australian Pratincole Stiltia isabella MC 0.02 (1;1)
W Silver Gull Larus novashollandiae C 0.02 (1;1) {1;60)
W Whisked Tern Chlidonias hybrida C {1;10)
W Gull-billed Tern Gelochelidon nilotica u (1;25) {1;7)
Common Bronzewing Phaps chalceptera C 0.07 0.07 0.22 0.20
Crested Pigeon Ocyphaps lophotes C 0.88 0.88 0.95 0.88
Galah Cacatua roseicapilla C 0.29 0.54 0.80 0.49
Little Corella Cacatua sanguinea MC (1;2) (1;300) 0.02
Pink Cockatoo Cacatua leadbeateri U (1;6} 0.02
Cuckaliel Nymplhicus hollandicus C 0,02 0.24 (1;2)
Budgerigar Melopsittacus undulatus C 0.02 (1;1) 0.5%
Mulga Parrot Psephotus varius C 0.41 0.54 0.51 0.59
Blue Bonnet Northiella haematogaster MC 0.61 0.83 0.63 0.76
Bourke's Parrot Neophema bourkii MC 0.20 0.10 0.12 0.12
Pallid Cuckoo Cuculus pallidus C 0.07 0.24
Black-eared Cuckoo Chrysococcyx osculans U 0.02 0.05
Horsfield's Bronze-Cuckoo Chrysococcyx basalis C 0.07 0.49 0.02
Southern Boobook Ninox novaeseelandiae C (1;0
Tawny Frogmouth Podargus strigoides C .05 0.02
Australian Owlet-nightjar Aegotheles cristatus MC (1;1)
Red-backed Kingfisher Halcyon pyrrhopygia MC 0.27 0.15
Rainbow Bee-eater Merops ornatus C 0.17 0.15
White-backed Swallow Cheramoeca leucosternum C 0.15 0.51 0.22 0.27
Welcome Swallow Hirundo neoxena C 0.15 0.39 0.37 0.15
Tree Martin Cecropis nigricans C 0.07 0.07 0.05 0.05
Fajry Martin Cecropis ariel C (153}
Richard's ¥ipit Anthus novaeseelandiae C 0.34 0.73 0.76 0.59
Black-faced Cuckoo-shrike Coracina novaehollandiae C 0.05 0.20 0.24 0.20
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Table 3.10 (continued)

Stiﬂls March May September December
Ground Cuckoo-shrike Coracina maxima U 0.10 0.07 0.10 0.10
White-winged Triller Lalage sueurii MC 0.20 0.05
Red-capped Robin Petroica goodenovii MC 0.22 0.54 0.34 0.15
Hooded Robin Melancdryas cucullata MC 0.05 0.05 0.22 0.15
Rufous Whistler Pachycephala rufiventris MC 0.05 0.37 0.24 0.22
Grey Shrike-thrush Colluricincla harmonica C 0.12 0.29 0.51 0.27
Crested Bellbird Oreocica gutturalis MC 0.29 0.54 0.83 0.66
Grey Fantail Rhipidura fuliginosa C 0.05
Willie Wagtail Rhipidura leucophrys C 0.76 0.95 0.66 0.80
Cinnamon Quail-thrush Cinclosoma cinnamomeum C 0.12 0.34 0.34 0.20
White-browed Babbler Pomatostomus superciliosus C 0.68 0.80 0.80 0.83
Rufous Songlark Cinclorhamphus mathewsi MC 0.02 0.02
Brown Songlark Cinclorhamphus cruralis C (152} 0.05 0.02
Splendid Fairy-wren Malurus splendens MC 0.02
Variegated Fairy-wren Malurus lamberti C 0.59 0.66 0.68 0.68
White-winged Fairy-wren Malurus leucopterus C 0.49 0.46 0.56 0.56
Calamanthus Sericornis fuliginosus MC (1;2) 0.02 (3;6) 0.02
Inland Thornbill Acanthiza apicalis c 0.32 0.46 0.44 0.41
Chestnut-rumped Thornbill Acanthiza urcpygialis C 0,61 0.90 0.83 0.83
Yellow-rumped Thornbill Acanthiza chrysorrhoa C 0,17 0.34 0.54 0.29
Southern Whiteface Aphelocephala leucopsis C 0,56 0.78 0.68 0.63
Varied Sittella Daphoenositta chrysoptera U 0.02 0.07 0.12 0.02
Spiny-cheeked Honeyeater Acanthagenys rufogularis C 0.37 0.85 0.93 0.78
Yellow-throated Miner Manorina flavigula C 0.73 0.80 0.78 0.78
Singing Honeyeater Lichenostomus virescens C 0.88 0.98 0.95 0.93
White-plumed Honeyeater Lichenostomus penicillatus C (151) (1;2)
White-fronted Honeyeater Phylidenyris albifrons MC 0.02 0.20
Crimson Chat Ephthianura tricolor MC 0.37 0.02
Orange Chat Ephthianura aurifrons c 0.07 0.07 . 0.07
Gibberbird Ashbyia lovensis MC {1;3) 0.05
Mistletoebird Dicaeum hirundinaceum C 0.24 0.15 (152)
* House Sparrow Passer domesticus C 0.15 0.22 0.05
Zebra Finch Poephila guttata C 0.59 0.88 0.76 0.61
* Common Starling Sturnus vulgaris C {1;3) {2;4}
Australian Magpie-lark Grallina cyancleuca C 0.27 0.27 0.24 0.34
White-breasted Woodswallow Artamus leucorhynchus MC (1;5)
Masked Woodswallow Artamus personatus MC 0.22
White-browed Woodswallow Artamus superciliosus MC (1;6)
Black-faced Woodswallow Artamus cinergus C 0.80 0.93 0.95 0.90
Grey Butcherbird Cracticus torquatus [ 0.71 0.90 0.76 0.80
Australian Magpie Gymnorhina tibicen C 0.76 0.80 0.78 0.80
Australian Raven Corvus coroncides C 0.80 0.71 0.63 0.76
Little Crow Corvus bennetti C 0.56 0.78 0.78 0.93

(W) Water birds.
*  Exotic species.

MNote: Abundance data is expressed either as frequencies or bracketed integers. Frequencies are the proportion of
traverses (n=#1) in which species were recorded. The abundance of species not recorded during traverses is expressed as
two bracketed integers, {x; y), where x is the number of localities separated by more than 1 km in which the species was
recorded, and y, the mean number of individuals per locality.

The status of species in South Australia is recorded as follows:

C -~ common

MC - moderately common
U -  uncommon

R -  rare

v -  vagrant.

Table 3.11 demonstrates that 95%, or all but two, of the thirty-eight species strongly
suspected of being permanent residents in the Olympic Dam region were recorded. Of
the eighty-one species thought to be frequent visitors to the region or having a moderate
chance of being resident, 78% were recorded during 1981. Of the sixty-five species
suspected of being infrequent visitors or having a slight possibility of being resident, 26%
were recorded. Conditions in 1981 were reasonably good, at least between March and
September, and several large water bodies in the region supported a fairly diverse
assemblage of water birds. If the year had been dry, fewer species of water bird would
have been encountered and the percentage of species in the 'moderate' and 'slight
probability' categories would have been smaller. It is apparent, then, that the 1981
studies revealed little in the way of species' incidence which was not anticipated from
the literature.
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Table 3.11 Comparison of the potential and recorded number of species in the Study

Area
No. of species No. of species  No. of species
in the potential recorded in recorded in
avifauna 1980 (%) 1981 (%)
Species suspected of being
permanently resident: 38 31 (82%) 36 {95%)
Species suspected of being
frequent visitors, or with
a moderate chance of being
resident: 81 14 (17%) 63 (78%)
Species suspected of being
frequent visitors, or with
a slight chance of being
resident: 65 2 (3%) 17 (26%)
Species not listed in the
potential avifauna: - 0 0
Total 184 47 116

Seasonal variation can also be caused by changes in detectability associated with
behavioural changes during breeding and non-breeding periods, population movement of
nomadic and migratory species, sampling error and variation, and population increase
from local breeding.

Habitat preference

Of the three principal vegetation types mapped (dune field, stony tableland, and local
drainage), dune field, which supports the greatest diversity of plant species and
formations, also supports the largest number of birds. Thirty-two species of water birds
were recorded at station dams, natural lakes and swamps.

Rare and threatened species

Seven rare or threatened species listed under the National Parks and Wildlife Act have
been described as possible inhabitants of the Olympic Dam region: the Freckled Duck,
Pink Cockatoo, Australian Bustard, Bush Thick-knee, Plains-wanderer, Scarlet-chested
Parrot, and the Chestnut-breasted Whiteface. As part of the environmental monitoring
programme, these species will be observed and measures established (such as habitat
protection) to reduce adverse impacts of the development on these species.

Impacts and mitigation

It is likely that densities of many native birds will be reduced in the immediate vicinity
of the Project Area as a result of habitat clearance, as well as human activity and
disturbance. Minor impact is also expected from destruction of birds by pet dogs and
cats in the town area, feral animals outside the town, bird strikes at the airport, and
transmission line strike or electrocution. Because of the extensive replication of such
habitat in the region, this impact is considered minor. However, further study is
required to determine whether the Project will interfere with local populations of
Hooded Robin and Splendid Fairy-wren, as these populations may have regional
significance.
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Beyond the Project Area, at Coorlay Lagoon and other major natural lakes and swamps,
human intrusion (depending on its frequency and timing) has the potential to affect the
regional breeding success and status of several species of water birds. Permanent water
bodies developed as part of the Project may lessen the importance of natural water
bodies as refuges for water birds, and may increase the region's potential as a refuge
during drought. However, many water birds require an undisturbed site for breeding,
and the Joint Venturers will examine the factors involved in creating 'breeding islands’ in
water storages to provide such areas.

Several aspects of the Project are expected to lead to the colonization of new habitat by
some birds or to increases in present populations. Table 3.12 lists these species and the
factors facilitating colonization or increase. These factors include vegetation clearance
(which will favour ground-feeding birds), increased water supply (which will favour
introduced species), increased nesting sites in buildings and other facilities (favouring
species which tolerate human presence) and rubbish disposal areas (favouring scavenging
birds). Large increases are expected in some species, but in each case populations will
be more or less restricted to the Project Area. Regional effects on avifauna due to
these local increases are not anticipated. A few species not included in Table 3.12 will
consume insects attracted to lights in the town, around the plant, and at the airstrip.
This is a local effect and is not expected to lead to significant population increases of
any species.

Table 3.12 Birds which will benefit from Project development

Increased Increased
water nesting Rubbish  Other
supply sites

Vegetation

Bird species
clearance

Emu +

Black Kite +

Brown Falcon + +
Australian Kestrel +

Little Button-quail +

Masked Lapwing +
Feral Pigeon +
Crested Pigeon +
Budgerigar +
Red-backed Kingfisher

White-backed Swallow

Welcome Swallow

Fairy Martin

Richard's Pipit +

Willie Wagtail +
Rufous Songlark +

Brown Songlark +

House Sparrow + +

Zebra Finch + +

Common Starling + +

Australian Magpie~lark +
Australian Magpie +

Australian Raven + +

Little Crow +

+ + + +

+ Indicates the aspect of Project development which benefits that species.

The provision of large and permanent water bodies by the Project may attract species of
water bird otherwise rare or vagrant in the region on a more frequent basis. Existing
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populations will also benefit to some degree. However, these changes are unlikely to
have a significant impact on the existing avifauna.

The acid liquor evaporation pond in the tailings retention area has the potential for
major local impact on avifauna, and possibly for major regional impact in the case of
water birds, because of the high acidity of the liquid. It is probable that water birds will
land on the pond, particularly at night when visibility is reduced, and that land birds
will attempt to drink there. The problem will be exacerbated in drought when there are
few other water sources, and perhaps during the annual autumn and spring migration of
holarctic shore birds. Fatalities and injuries are likely for birds which drink from the
acid liquor evaporation pond, and the Joint Venturers will therefore consider various
techniques to distract birds from the pond.

3.5.3 Reptiles
Incidence of species

Sixty-three species of reptile could be expected in the region immediately to the west of
Lake Torrens (which includes the Olympic Dam area). Several of these species would be
on the borders of their range however, and may not be present. Forty-five species were
trapped during four field expeditions in 1981 covering all potential habitat types. A
clear division was found between swale and dune species. Table 3.13 lists those reptiles
known or likely to occur in the area. None of the species found or expected are
classified as rare, threatened, or endangered.

The physiology of reptiles allows them to utilize arid habitats successfully, and
in consequence they are the most populous and diverse terrestrial vertebrate group in
arid Australian environments such as Olympic Dam. Stomach content analyses of
specimens caught during surveys at Olympic Dam indicated that termites and ants were
the most numerous prey items of reptiles in the area.

Modification of the habitat from pastoral use and the introduction of feral mammals
(particularly cats and foxes) has reduced populations of some reptiles. The Thorny
Devil has been affected by reduction in ground cover and may now be extinct in the
Olympic Dam region. However, some large reptiles, such as Gould's goanna, the Mulga
Snake, and Western Brown Snake, have benefitted from the introduction of the common
house mouse which serves as abundant prey for these reptiles, and their numbers have
probably increased in areas of human activity where house mouse concentrations occur.

Impact and mitigation measures

There are no reptiles exclusive to the Olympic Dam region, and therefore the Project
will not have any major impact on the State's reptile fauna.

Vegetation clearance in certain development areas will preclude the return of reptiles to
those sites, but some areas (such as untouched dunes within the town site and operations
area) will retain some of their reptile fauna. The viability of such populations will depend
on their size and predator control. Certain developed areas, such as solid waste disposal
sites and outdoor equipment storage areas, may favour a few species. They are unlikely
to be more than a minor problem, however, which will be further minimized by populace
education.

High road verges will discourage off-road vehicle activity and also inhibit small reptiles
from advancing onto the road, but will not limit movements of large reptiles. Domestic
fences may interfere with movement of larger reptiles, particularly goannas, large skinks
and snakes in the town, but this will be beneficial where venomous snakes are concerned.
In areas where vermin-proof fences are constructed to exclude rabbits from an area to
be rehabilitated, interference with reptile movement must be accepted.
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Table 3.13 Reptiles of the Olympic Dam area
. Found in Not found
Species Commeon name Pr(f]"zlé?df-\;nea Olympic Dam but may be
region present
Gekkonidae
Rhynchoedura ornata Beaked Gecko + +
Lucasium damaeum Beaded Gecko + +
Gehyra variegata Dtelia + +
Diplodactylus stenodactylus + -
Diplodactylus conspicillatus Fat-tailed Gecko + +
Diplodactylus ciliaris Spiny-tailed Gecko + +
Diplodactylus tessellatus Tessellated Gecko + +
Diplodactylus vittatus Stone Gecko - - +
Diplodactylus byrnei - - +
Nephrurus levis Knob-tailed Gecko + +
Heteronotia binoei Binoe's Gecko + +
Phyllurus milii Thick-tailed Gecko - +
Pygopodidae
Pygopus nigriceps Black-headed Scalyfoot + +
Pygopus lepidopodus Common Scalyfoot - - +
Lialis burtonis Buartons Legless Lizard - +
Delma australis - - +
Varanidae
Varanus gouldii Gould's Goanna + +
Varanus gilleni Gillen's Goanna - +
Apamidae
Tympanocryptis lineata Earless Dragon + +
Tympanocryptis tetraporophora Earless Dragon - + +
Tympanocryptis intima Earless Dragon + +
Amphibolurus vitticeps Bearded Dragon + +
Amphibolurus inermis Netted Dragon + +
Amphibolurus pictus Painted Dragon + +
Amphibolurus fordi Military Dragon + +
Moloch horridus Thorny Devil - - +
Diporiphora winneckei Two-lined Dragon - - +
Scincidae
Tiligua rupgosa Sleepy Lizard + +
Tiligua occipitalis Western Bluetongue + +
Lerista labialis + +
Lerista xanthura - +
Lerista frosti - +
Lerista desertorum - +
Lerista muelleri - - +
Lerista bougainvillii Bougainvilles Skink - - +
Lerista bipes - - +
Ctenotus regius Striped Skink + +
Ctenotus schomburgkii Striped Skink + +
Ctenotus atlas Striped Skink + +
Ctenotus strauchii Striped Skink + +
Ctenotus brooksi Striped Skink + +
Ctenotus uber Striped Skink - +
Ctenotus leonhardii Striped Skink + -
Ctenotus sp. Striped Skink - +
Ctenotus leae Striped Skink - - +
Menetia greyii Greys Skink + +
Morethia adelaidensis Snake-eyed Skink + +
Morethia beulengeri Snake-eyed Skink - - +
Erimiascincus richardseni Desert Banded Skink + +
Cryptoblepharus boutonii - - +
Typhlopidae
Typhlina endotera Blind Snake + +
Typhlina australis Blind Snake - - +
Typhlina bituberculata Blind Snake +
Elapidae
Pseudonaja nuchalis Western Brown Snake + +
Pseudonaja modesta Collared Brown Snake + +
Pseudechis australis Mulga Snake + +
Simoselaps bertholdi Desert Banded Snake + +
Simoselaps fasciolatus Narrow-banded Snake + +
Suta suta Curl Snake - +
Demansia psammophis Yellecw-faced Whip Snake - - +
Unechis gouldi Black-headed Snake - - +
Unechis monachus Hooded Snake - - +
Vermicella annulata - - +

Bandy-~Bandy
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Cats are particularly destructive to small animal populations, including reptiles, and
efforts will be made to control the feral cat population in the area. Significant numbers
of mice around buildings and waste disposal sites will attract adult venomous snakes, and
solid waste disposal sites and outdoor stores of equipment providing habitat for mice and
lizards will therefore be sited away from residential areas.

3.5.4 Amphibians

Rainfall during the study period was inadequate to permit field collection of frogs.
Tadpoles of the trilling frog, Neobatrachus centralis, were collected from Olympic Dam.
The only other species likely to be found in the area during wetter periods is the spotted
grass frog, Limnodynastes tasmaniensis. These species breed in claypans in the Olympic
Dam region and they will not be displaced by mining and associated activities. The
acidity of the evaporation pond will be too high to allow frogs to colonize the pond.
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CHAPTER FOUR

Land Use

SUMMARY

Pastoralism, the principal land use in the area, commenced during the 1860s and 1870s,
and its viability has always been dependent on the region's erratic rainfall. Other land
uses include weapons testing at Woomera; mining at Andamooka and at Stuart Creek for
opal, and at Mount Gunson for copper; and limited tourist activity, mostly near Lake
Eyre and the mound springs areas. Pastoral settlement is dispersed, while other
settlement is related to weapons testing, mining activity, and transportation service
centres associated with the Stuart Highway, Trans Australia Railway and Port Augusta
to Marree railway.

Pastoral activity will be the land use most directly affected by Project development.
There will be beneficial consequences, with better access to town services, stock water
supply and transportation facilities, while the adverse impacts will comprise a small loss
of land and some land severance, minor stock losses from vehicle/stock accidents, and
some danger to stock and property from the increased population in the area. Where
necessary and appropriate, compensation will be made for loss of land or loss of
production. As the 200 square kilometres of the Project Area represents only 10% of
Roxby Downs Station (which totals 2,000 square kilometres), this effect is relatively
minor. The Project will also have indirect effects on land use, through the recreational
activities of the town population and through improvements in regional access. This
chapter discusses the effects of the Project Area development upon land use, while
Chapter 10 discusses the effects on land use of the infrastructure corridors.

4.1 EXISTING AND HISTORICAL LAND USE

The current land use pattern and its historical evolution are examined in this section.
Figure 4.1 indicates the location of the various geographical features relevant to the
historical development of the current land use in the area of interest {(defined in
Section 4.1.3).

It should be noted that, while the most extensive land use in the area is pastoralism, the
main influences upon the pattern of settlement (both currently and in the future) are the
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status of the transport network and the fortunes of the mining, tourist, and weapons
research industries.

The development of pastoralism in the area is tied very closely to the historical
development of pastoralism in northern South Australia. Bowes (1968) is of the opinion
that the early pattern of land settlement in South Australia was 'often determined by
economic and political factors as much as the natural potentiality of the land'. Within
South Australia during the years 1856 to 1890, lands with a wide range of soils,
vegetation, and climate were occupied. Since that time, the pattern of land use within
the State has varied as a result of changing economic, political, social and environmental
factors. In the northern parts of South Australia, one of the most significant influences
upon the pattern of land settlement has been the erratic rainfall. The assessment of the
capability of these lands has been based upon trial and error, and the history of
settlement in these northern areas is one of periods of misjudgement and retreat,
followed by periods of correct assessment and advance (Bowes 1968).

4.1.1 Early exploration

In 1839, Edward John Eyre sighted and named Lake Torrens from Mount Eyre, and
followed 90 km of its eastern shore (South Australian Department for the Environment
1980). Eyre described the northern parts of the State which he traversed as a region of
brine and desolation {Bowes 1968), and this report was to deter development of this
region for nearly twenty years. In 1840, I.F. Horrocks undertook an expedition, the first
in Australia to use camels, with the objective of reaching the interior by a route to the
west of Lake Torrens. Horrocks reached Lake Dutton, where he was accidently killed
(SADE 1980). Two years later, in 1842, C. Dutton followed Eyre's tracks around the head
of Spencer Gulf., While on this expedition Dutton disappeared, and later evidence
indicated that he had penetrated as far as the landform now known as Dutton Bluff
(SADE 1980). A government sponsored party led by Babbage explored the country at the
head of Spencer Gulf and to the north-west between Lake Gairdner and Lake Torrens in
1853 (SADE 1980).

John McDouall Stuart undertook three expeditions (in 1853, 1858, and 1862) which
traversed the area to the north of Port Augusta. On the first expedition, Stuart explored
the country at the head of Spencer Gulf and between Lake Gairdner and Lake Torrens.
Following this, he led an expedition financed by William Finke to Andamooka, Yarra
Wurta Cliff, and Stuart Range, and from there south to Denial Bay {where Ceduna is now
located) via Mount Eba, Lake Younghusband and the Gawler Ranges, encircling the area
traversed by Babbage. As part of his third expedition, Stuart crossed the continent to
the Gulf of Carpentaria, again traversing the country to the west of Lake Torrens
(SADE 1980).

4.1.2 Pastoral expansion

Pastoral activities began in South Australia in the late 1830s with the issuing of grazing
licences to those wishing to use lands outside the surveyed 'hundreds' for grazing. The
licences were replaced shortly afterwards by fourteen-year pastoral leases. These were
issued as an interim measure, as the expectation at that time was that pastoral lands
would eventually be used for other purposes (Vickery et al. 1981).

As a consequence of Eyre's reports, it was popularly believed that a great horseshoe of
salt water barred the way to an expansion of the pastoral areas into the north of the
State. However, in mid-1857, while surveying and exploring these areas under
instruction from the South Australian Government, Goyder reported (Bowes 1968):
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vegetation of the most luxuriant kind, ... placid waters, disturbed only by the
enjoyment of the waterfowl, ... and a sheet of fresh water ... emanating from a
number of delicious springs.

Within months of Goyder's reports, pastoralists began driving sheep and cattle beyond the
area which had been believed to be impenetrable and inhospitable. This expansion
occurred despite subsequent reports by the Surveyor-General, Colonel Freeling, which
were less favourable than Goyder's (Bowes 1968).

By 1860, the country on the eastern side of Lake Torrens had been occupied by
pastoralists. At this time, the only knowledge of the area to the north-west of Port
Augusta and to the west of Lake Torrens was that provided by Goyder, Swindon,
Babbage, Oakden and Hulkes, Warburton, Gregory, Stuart, and others who had left no
written record (Bowes 1968; SADE 1980). In 1859, J.F. Haywood, William Brown, and
William Marchant explored the country within a short distance of the western side of
Lake Torrens, while OQakden and Hulkes explored the country further westward. Oakden
and Hulkes reported good pastoral country and took pastoral leases (including Oakden
Hills) as confirmation of their optimism. However, drought forced them to abandon the
leases, and the country was not leased again until the late 1860s (Cockburn 1925;
Richardson 1925; SADE 1980).

The discovery of the mound springs along the southern edge of Lake Eyre and the
definition of their distribution by explorers such as Warburton, Babbage, Stuart and
Goyder resulted in the rapid development of pastoralism in those areas which could be
serviced by this source of water. Between 1859 and 1862, pastoral leases were taken up
in the area bordering the south-western corner of Lake Eyre from Finniss Springs Station
to the current Anna Creek Station (SADE 1979).

By 1864, the pastoral expansion in the north-east had advanced through Angepena, and on
to Lake Hope at the northern tip of the Flinders Ranges. The northern edge of the
pastoral expansion was represented by Mount Margaret Station (how known as Peake) on
the shores of Lake Eyre. Isolated stations were located on the western side of Lake
Torrens at Pernatty and Arcoona, and further to the west there was a group of stations
on the southern shore of Lake Gairdner, the principal one being Yardea.

The rate of pastoral expansion was even more rapid after a new system of leasing
pastoral land was introduced in 1863. The expansion of pastoralism into the north-west
of South Australia was, in the opinion of Bowes (1968), largely brought about by people
who saw the pastoral industry as an area of investment or speculation. While a number
of the leaseholders sought to gain their profits through the long-term development of
leases, others were more interested in short-term gains, taking up new leases or
preferential rights in favourable positions and then reselling them when values had risen
as a result of the expansion of the pastoral industry or of the provision of transport
facilities.

The majority of the pastoral leases in the area to the north-west of Port Augusta were
taken up during the 1860s and 1870s. Pastoral activity reached its peak in the late
1880s, and by the 18%0s all the original north-west leases had expired. Since that time
there have been many changes in the ownership and boundaries of the pastoral leases in
the area. These changes have generally reflected modifications in the economic viability
of the various leases caused by perturbations in the regional environment such as drought
or the relocation of transportation facilities (Cockburn 1925; Richardson 1925; Bowes
1968; SADE 1980}.

The history of Roxby Downs Station, where the Olympic Dam deposit is located, is one

example of this pattern of changing lease ownership and lease boundaries. The evidence
available to the Pastoral Board indicates that the original Roxby Downs Station (which
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forms part of the current station) was part of Parakylia Station (Pastoral Board, pers.
comm.). In 1875-76, A.M. Wooldridge took up a pastoral lease over approximately
5,100 km® of land to the west of Lake Torrens. The lease was then subdivided, with one
portion becoming part of Andamooka Station, the north-western portion being
transferred to the Chewings brothers to form Parakylia Station, and the balance forming
Arcoona Station (Cockburn 1925; Richardson 1925). In July 1912, the Collins brothers of
Collinsville Station, Burra, took up a pastoral lease of 3,628 km® described as Blocks 273
and 273a of Parakylia. The lease was cancelled in February 1914 for non-payment of
rent.

In December 1918, another pastoral lease was issued to William Henry Greenfield over
Block 273d of Parakylia, an area of 264 km® . This lease was transferred to David John
Greenfield and Walter John Greenfield in June 1928. Another block of Parakylia (Block
273c of 159 km? ) was leased to Norman Alexander Richardson in September 1910. This
lease was transferred in September 1920 to David Greenfield, who also acquired the
pastoral lease to Block 270c of Andamooka Station which had an area of 855 km? .

The formation of the current Roxby Downs Station took place on 1 January 1932. The
original Richardson lease and the original Andamooka lease were consolidated to form
one lease, called Roxby Downs, in the name of David Greenfield, over an area of
1,010 km* . A second pastoral lease was also issued to David and Walter Greenfield on
this date. This lease, which covered an area of 990 km’, incorporated the original lease
held by William Greenfield together with an area of the old Collins brothers' lease. In
March 1949, this second lease held in joint names was transferred to David Greenfield,
who then became the sole lessee of both portions of Roxby Downs Station. In 1963, the
two leases were consoclidated into a new pastoral lease which covered an area of
2,000 km? , the present title to Roxby Downs. The present Roxby Downs homestead
stands on an original portion of the Andamooka Station known as Chances Swamp
(Richardson 1925). The lease issued in 1963, taken out in the name of Roxby Downs
Limited, is due to expire in 2005, and was purchased in February 1964 by Sandstone
Pastoral Pty Ltd, the current lessees (Pastoral Board, pers. comm.).

The first Pastoral Act, introduced in 1893, established the Pastoral Board and the system
of forty-two-year pastoral leases. This original legislation was amended significantly in
1927 following a Royal Commission into the pastoral industry. Further significant
amendments were made in 1939, when the Pastoral Board was authorized to prevent
degradation of the soil and vegetation by controlling livestock numbers on pastoral leases
(Vickery et al. 1981).

4.1.3 Current pastoral use

In the area of interest {the area covered by Figure 4.2}, the pastoral industry has evolved
from its tentative beginnings during the 1860s and 1870s to give the land use and land
tenure pattern shown. The current land use is based on cattle grazing to the north of the
Dog Fence, with sheep grazing to the south. Stocking rates in the area are of the order
of 5 sheep/km? and 0.5 cattle/km? (SADE 1980). The tenure of the various stations is
held under expiring pastoral leases issued under the provisions of the Pastoral Act,
1936-1976. Most of the current leases were renewed in 1960, following an amendment to
the Act which enabled the lessees to apply for new forty-two-year leases, and the
majority of leases will now expire between 2005 and 2010. A pastoral lease grants a
lessee the right to occupy the area of land specified and to use it for grazing livestock.
These grazing rights are issued subject to certain conditions contained on the lease and
in the Act relating to renewal rights, rights of access, non-payment of rent, vermin
control, timber clearing, and allowable stocking rates. The rights of the mining industry
to use lands held under pastoral lease are specified in the Mining Act, 1971-1981. There
is a lack of clarity regarding the access rights of both the general public and the
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pastoralists to lands held under pastoral lease. On several occasions recommendatio:lls
have been made to the South Australian Government that the legislation regarding public
access be clarified (Vickery et al. 1981).

A recent inquiry into the administration, management and tenure of South Australia's
pastoral lands framed a series of recommendations regarding the future control of the
pastoral industry in South Australia's arid lands. These recommendations included the
retention of the present tenure system of forty-two-year pastoral leases, and the
establishment of an Arid Lands Authority to administer land use in the arid lands
(Vickery et al. 1981). A Bill placed before the Parliament to amend the Pastoral Act (to
provide for perpetual pastoral leases and to restrict vehicular access to designated roads)
was defeated in the Legislative Council in June 1982, and has not been returned for
further consideration.

The six stations within the immediate vicinity of the Project Area are:

. Roxby Downs
. Purple Downs
. Andamooka

. Arcoona

. Parakylia

. Billa Kalina.

The total area of these six stations is approximately 23,000 km® . Three of the stations
have owner-managers, while the remainder are owned by Adelaide-based companies and
operated by resident managers.

Arcoona runs sheep only, while Roxby Downs, Purple Downs, Andamooka and Parakylia
run both sheep and cattle. Billa Kalina, which is situated to the north of the Dog Fence,
runs cattle only. The leases for the six stations stipulate a maximum total stocking rate
of 140,000 sheep equivalents (one head of cattle being equivalent to six sheep). In the
period 1976 to 1981 the total six-year average sheep equivalents for the stations were of
the order of 100,000,

The average number of animals which can be carried on a pastoral property is almost
directly proportional to the availability, quality, and location of watering points. In the
Olympic Dam area, stock rely on dams which harvest the surface run-off resulting from
the region's erratic rainfall. These small dams, up to 10 m in depth, are sunk at the
lowest points of some of the larger closed catchments. Local clay is used to seal the
base of these dams to reduce infiltration, and drainage channels leading to the dams are
often cut to increase run-off. Although during heavy rain these dams will accumulate
water and may even fill, the region's high evaporation and low variable rainfall make
these an unreliable water supply. In the vicinity of the Project Area dams occur about
12 km apart. They include Olympic Dam, Axehead Dam, Myall Dam, Mochammed Dam,
and Lake Blanche on Roxby Downs Station, and 12 Mile Dam, Bulls Head Dam and
Phillips Ridge Dam on Andamoocka Station.

The South Australian Department of Agriculture is currently conducting a programme to
eradicate two extremely serious diseases which affect cattle: brucellosis and
tuberculosis. In the pastoral and settled areas, properties carrying affected stock are
quarantined until all stock are free of the diseases. This poses a considerable problem in
northern areas, as all fences, gates, and ramps must be maintained in stock-proof
condition. Fortunately, the incidence of both diseases is low in the area of interest.

4.1.4 The Dog Fence

The development of the Dog Fence closely parallels the history of pastoral expansion.
The erection of fences to exclude dingoes from sheep lands began shortly after
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pastoralists started to control livestock by means of fences instead of using shepherds.
In 1896, an Act was passed which enabled 'Vermin Fenced Districts' to be formed. Each
district was managed by a board which arranged the financing, building and maintenance
of dog-proof fences. With the progressive formation of vermin districts, the area
enclosed by dog-proof fences expanded to the west, north-west, and north. At the same
time, a large number of private landholders in the north-east were also constructing dog-
proof fences. The eventual result was an almost continuous outer fence in an arc from
the New South Wales border to a point on the Great Australian Bight, 140 km from the
Western Australian border. When it became apparent that this outer fence, with minor
additions, would form a continuous and effective barrier, many of the inside fences were
allowed to fall into disrepair and a number of Vermin Fenced Districts were abolished.
This meant that pastoralists and Vermin Fenced Districts adjoining the outer fence were
paying for the total cost of maintaining that fence, while many of the pastoralists in
inner areas obtained the benefits. Representations from the pastoralists resulted in the
passing of the Dog Fence Act in 1936. This Act provided for the establishment and
maintenance of a continuous dog-proof fence across the northern part of the State to
prevent the entry of wild dogs into sheep grazing areas.

Currently, most of the Dog Fence is privately owned and maintained, extending for
2,208 km from the Great Australian Bight to the New South Wales border. Of the total
length, only 100 km are owned by the Crown. The current location of the Dog Fence in
relation to the Olympic Dam Project is shown on Figure 4.2. Fence owners receive an
annual subsidy towards the cost of maintenance from the Dog Fence Fund, which is
financed by the rating of pastoralists together with a government subsidy (Vickery et al.
1981). Sections of the fence range in age from two to eighty years, and its structure and
condition vary considerably. The opinion has been expressed that the present funding
mechanism would place an impossible burden on any lessee ordered by the Board to
replace a section of the fence (Vickery et al. 1981). The approval of the Dog Fence
Board must be obtained prior to the opening of the fence or the installation of any new
gates (Pastoral Board, pers. comm.).

4.1.5  Mining

The history of mining development in the area is fragmented and ill-defined. In 1862,
Charles Swindon is reported to have brought back to Adelaide gold specimens allegedly
discovered near Andamooka (SADE 1980). Shortly after his return, Swindon became ill
and died before being able to pass on information about the location of his discovery
{Richardson 1925).

Copper was discovered at Mount Gunson in 1875. In 1898 copper mining operations
commenced near Pernatty Lagoon, and by 1912 the Bottrill motor tractor was being used
to haul copper ore to Port Augusta. Small tonnages of ore were mined and treated by
various operating companies over a fifty~year period. Manganese deposits located in the
same district were brought into production in 1915 (SADE 1980). Extensive exploration
by CSR Limited in the Mount Gunson area resulted in the discovery of the Cattle Grid
deposit in 1973. The following year an open cut copper mine and a processing plant with
a capacity of 9,000 t/a of contained copper in concentrates were established by CSR.
The copper concentrates from Mount Gunson are transported to Whyalla for shipment to
overseas smelters. CSR has for several years been undertaking an exploration
programme in areas adjacent to the present mine. If additional reserves are not proven,
and if mining continues at the current rate, the estimated life of the mine is another
four years (Iron Triangle Study Group 1982). All employees at Mount Gunson are housed
on site, the population of the township totalling about 250 people. Recreational and
commercial facilities provided include a bar, small shop, swimming pool, tennis courts
and cinema. There is a primary school at Mount Gunson, but high school students travel
by bus to Woomera each day (SADE 1980}.
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Opal was first discovered in the area at Charlie Swamp in 1904. The Andamooka opal
field was discovered in 1930 by Sam Brooks and R. Shepherd. The first miners were
Treloar and Evans, and the first recorded production in 1933 was valued at £A962 (Carr
et al. 1979). In the period 1933 to 1972 the workings expanded to occupy an area
approximately 13 by 5 km. However, the faijlure to discover a major new field since 1971
(despite a subsidized mining programme) has resulted in a steady decline in Andamooka's
population (Carr et al. 1979). Opal mining has also been undertaken at Stuart Creek and
Yarra Wurta CLiff (Figure 4.1).

The town of Andamooka has evolved in a haphazard manner along the bed of a small
creek and adjoining ridges, and has been characterized by a fluctuating population with a
large proportion of itinerant and short-term workers (SADE 1980). Its current population
is about 400. There is no local government authority, and the general administration of
the town is the responsibility of the Andamooka Progress Association in conjuction with
the Outback Areas Trust. The South Australian Lands Department issues annual licences
for residential, commercial and industrial purposes in the town. A town boundary has
been surveyed, with the intention of controlling expansion, and consideration has been
given to the introduction of more permanent tenure. It has been reported that, as a
consequence of poor siting, the town centre is experiencing major planning problems,
with inadequately defined roads, uncontrolled parking, and cramped block arrangements
in the town centre (SADE 1980). The town has a limited range of commercial, social and
recreational facilities, and plays only a minor service role for surrounding areas. The
facilities available include two general stores, a six-bed hospital, a police station, and an
area school.

Opal prospecting and mining are largely confined to a relatively compact area around the
Andamooka township, with smaller fields located at Stuart Creek and Charlie Swamp
near the northern tip of Lake Torrens (Figure 4.3). Mining is either by various forms of
shaft and stope, or by open cut methods using bulldozers.

A deposit of high-grade barite outcrops on the floor of Pernatty Lagoon, adjacent to the
manganese deposits near the western shore. The deposit forms a rise above the general
lake level, and is traceable as a succession of patches forming a narrow lode of 500 m in
length (SADE 1980). White and grey laminated clays are also mined for ceramic purposes
at Wooculla, near Pernatty Lagoon.

Mineral exploration and production is controlled by the Mining Act, 1971-1981. Under
the terms of the Act, the Director of Mines can issue an exploration licence to any
person satisfying certain criteria. The licence authorizes that person to prospect for
minerals within the area specified on the lease, subject to certain conditions, for a
period of up to two years. The conditions imposed on the licence may relate to issues
such as environmental protection, the protection of heritage items, and compensation.
The licence does not provide the right to produce minerals from the lease. Figure 4.3
details the extent and ownership of exploration licences in the area studied.

A mineral claim confers upon the owner an exclusive right to conduct mining operations
in the area delineated on the claim, and to apply for a mineral lease in respect of that
area. The owner of a claim is not authorized to remove more than 1t of material from
the claim, and if the claim is not converted to a mining lease within one year the claim
lapses. A mining lease is a renewable lease for up to twenty-one years, which authorizes
the holder to conduct mining operations and to sell or dispose of minerals recovered in
the area delineated on the lease. Figure 4.3 details the principal known mineral deposits
in the area of interest.

4.1.6 Woomera

Following the end of the war in 1945, the United Kingdom initiated a long range missile
development project. After considering a number of optionms, the UK Government
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approached the Australian Government with a view to establishing a weapons research
‘and testing facility in Australia to service the project. The then Australian Prime
Minister, Mr Ben Chifley, assented to the proposal on the condition that Australia be
allowed to enter into the project on an equal basis.

The requirements were for an industrial facility for the research and development
activities and at least one thousand miles of open country for the firing, observation and
recovery of rockets. The first requirement was satisfied by the use of a disused
munitions factory near Salisbury. The second requirement was met by the declaration in
1946 of two immense areas of Australia as "Prohibited Areas'. The first area, which was
for the impact of long range weapons, was located in the north-west of Western
Australia. The second area, in South Australia, which contained the actual rocket range,
extended from Lake Torrens and Lake Eyre in the east to the Western Australian border,
and from the Trans Australia Railway line in the south to 110 km short of the Northern
Territory border. The extent of the Woomera Prohibited Area has altered with time, and
the current boundary in the Olympic Dam region is shown in Figure 4.2.

The establishment of the rocket range had little effect on the pastoral industry. No
pastoral leases were cancelled to accommodate the range, although small areas of some
leases were annexed for particular facilities (for example, parts of the Arcoona lease,
Figure 4.2). No homesteads were moved. However, the operation of the range did
create some early problems for the pastoralists, with gates being left open and fences
and tracks being damaged. This situation was alleviated in 1949, with the appointment
of a Range Overseer, whose primary functions were to maintain constant and direct
contact with the pastoralists and to acquaint the men at the range with the pastoralists'
problems (Southall 1962).

Work started on the construction of the rocket range in 1947. The facilities provided
included airfields, roads, pipelines, telephone lines, launching facilities, and a town to
accommodate the range personnel. The town, named Woomera, was located about 8 km
north of Pimba, a settlement on the Trans Australia Railway. The town and other range
facilities were serviced by the construction of a 132 kV transmission line and a 250 mm
water supply pipeline from Port Augusta, roads from the Stuart Highway, and a spur
railway line from Pimba. (These facilities are discussed further in Chapter 10),

Prior to the cancellation of the Blue Streak project in the early 1960s, a number of long
range weapon or research vehicles were tested at the Woomera rocket range. These
included Skylark, Long Tom, Zulu Squire and Blue Steel. Although weapons testing
continued during the early 1960s, the function of the range was modified by the provision
of facilities for satellite tracking and deep space research (Southall 1962). The range is
now primarily used as a residential base for the Joint Defence Space Communications
Station, Nurrungar. Since 1974, Woomera's population has declined from approximately
4,000 to 2,300 as a consequence of the scaling down of testing activities (South
Australian Highways Department 1978; ITS 1982).

As a consequence of its past security requirements, Woomera has not been able to
function as a regional service centre and, until February 1982, a security pass was
required to enter the town. Some of the station lessees, however, had permission to shop
there. Woomera has a wide range of commercial, social and recreational facilities
including a post office, Telecom depot, State police station, ABC radio and television
relays, swimming pools, churches, stores, licensed clubs, banks, a fifty-bed hospital,
doctors and a dentist. Currently all residences are located on Crown land, although some
service facilities have been granted ninety-nine-year leases to their sites. A Defence
Department report containing recommendations on the future land tenure system for
Woomera is expected later this year. With the lifting of access restrictions to the town
area, a temporary caravan park has been provided and accommodation is available for
visitors in the Defence Department Hostel.
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4.1.7 Transport and communications

The historical development of the transport and communications systems in the area of
interest has been closely tied to the historical development of land use in the area, and
to that of the nation's transport and communications networks. The construction of the
Overland Telegraph Line from Adelaide to Darwin, the Port Augusta to Alice Springs
railway line, the Port Augusta to Kalgoorlie railway line, and the Stuart Highway have
all been important influences on the historical development of the area studied.

The construction of the 3,200 km Overland Telegraph Line, which was commenced in
June 1870 and completed in 1872, included eleven repeater stations, three of which were
at Peake, Strangways Springs and Beltana. The southern section of the route is shown in
Figure 4.1. The mound springs provided an accessible water supply and their distribution
along the southern and western edges of the Great Artesian Basin had a significant
influence on the selection of the route for the line. The Overland Telegraph Line has
now been replaced by a microwave link from Adelaide to Darwin via Queensland
(Australian Post Office 1972; Telecom Australia 1977).

The major transport routes in the area of interest are:

. Port Augusta to Marree railway line
. Port Augusta to Kalgoorlie railway line (Trans Australia Railway)
. Stuart Highway.

These three routes focus on the City of Port Augusta, the main regional centre serving
the area studied (Chapter 12).

The small settlement of Pimba (population approximately ten) is 90 km south of Olympic
Dam. It exists to service the Stuart Highway and the Trans Australia Railway, and its
roadhouse provides some limited facilities for travellers. In the draft recommendations
of the Stuart Highway Roaduser Facilities Committee, Pimba was designated as a minor
service centre (SADE 1980).

Development of rail links

The history of the Port Augusta to Alice Springs railway has been extensively detailed by
Fuller (1975). Some years after the discovery of the mound springs, a camel transport
network developed based on Herrgott Springs (now known as Marree). This network
included the Birdsville Track, the Strzelecki Track to Innamincka, a track through
Blanchewater (at the northern tip of the Flinders Ranges) eastwards into New South
Wales, and a track to Alice Springs and other far northern repeater stations on the
Overland Telegraph Line. Later, following the opening of the Western Australian
goldfields, cameleers.pushed out another supply route south-westwards through Tarcoola
and Eucla to Coolgardie and Kalgoorlie. To complete the transport network, Herrgott
Springs was connected to Port Augusta by way of a well-settled supply route which
passed through Government Gums (now known as Farina) and Beltana. As well as being
the focus of a camel transport network, Herrgott Springs serviced the pastoral industry
which was developing in the region, acting as a place where drovers travelling from far
northern stations to markets in the south could spell their sheep. In time, a railway line
was constructed between Port Augusta and Herrgott Springs, to upgrade this major link
in the transport network and to service the pastoral industry. The line was constructed
from Port Augusta in four stages, the work commencing in October 1877 and being
completed in January 1884.

The arrival of the line in Herrgott Springs was marked by substantial debate regarding

the route of a northward extension. Considerable thought was given to extending the
line north-north-eastwards towards Queensland (towards either Birdsville or Innamincka)
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instead of north-west. Finally, it was resolved to extend the railway to Angle Pole (r_10w
known as Oodnadatta), a decision greatly influenced by the presence of mound springs
along the border of the Great Artesian Basin. Construction of the Herrgott Springs to
Angle Pole section began in July 1884, reaching Stuart Creek in June 1886, Strangways
Springs in March 1887, and Angle Pole in January 1891. The period 1891 to 1926 was
marked by further debate, this time over the merits of forming a north-south rail link.
Finally in 1926 a decision was made to extend the line from Oodnadatta to Alice Springs.
This section of the line was constructed by the Commonwealth Railways (the earlier
sections had been constructed by the South Australian Government), with the survey
work beginning in April 1926 and the line being taken over for traffic in February 1929.

As a consequence of the additional traffic generated by the development of the Leigh
Creek coalfield, the section of the line from Port Augusta to Marree was upgraded,
rerouted and converted to standard gauge. This work was completed in June 1957 (Fuller
1975). In April 1975, work commenced on a standard gauge connection from Tarcoola {on
the Trans Australia Railway) to Alice Springs. This work was completed in September
1980, rendering the Marree to Alice Springs section of the old railway redundant. This
section of the old line was closed in November 1980 (SADE 1980).

One consequence of these actions has been a change in the transport patterns within the
region. The eastern area which was served by the old railway now relies more heavily on
road transport, while the western area is better served by rail transport (SAHD 1978). A
second consequence of these modifications has been the alteration of the settlement
pattern of the area. Townships such as Marree and QOodnadatta, which served the old
railway line, have suffered a decline in population and a change in function, now acting
as service centres for the Aboriginal community, the surrounding pastoral industry and
tourists (South Australian Department of Environment and Planning 1982).

The construction of the standard gauge railway line from Port Augusta to Kalgoorlie via
Pimba, Kingoonya, Tarcoola and Cook (the Trans Australia Railway) commenced in 1912
and was finished in October 1917. Since that time, the line has been an important link in
the nation's east-west transport network. Rolling stock and sections of the track have
been upgraded on several occasions to reduce operating costs and travelling times
(SADEP 1982). :

The Stuart Highway

The Stuart Highway is the major road link between Port Augusta and the Northern
Territory border. Historically, the route within South Australia (via Pimba, Kingoonya,
Coober Pedy and Kulgera) developed from station tracks which were formed to connect
station to station, or station to bore or yard. The route which evolved was indirect, and
is considered by the South Australian Highways Department (1978) to have developed
more by chance than design. The indications are that the first vehicles to use the route
to reach the Northern Territory did so during the late 1930s.

Over time, dissatisfaction grew with the condition of the Stuart Highway, particularly as
it was the main road link to the Northern Territory. This dissatisfaction was due mainly
to three factors: the road was unsealed except for sections between Pimba and Port
Augusta, movement along the road was severely disrupted by rain, and thick palls of dust
often drastically reduced visibility. In 1974 the Australian Government assumed
financial responsibility for the development of Australia's national highways, and a major
study was undertaken to assess alternative routes for an improved Stuart Highway
between Port Augusta and the Northern Territory border,

In 1978 the Final EIS for the section of the Stuart Highway from Port Augusta to the

Northern Territory border was released by the South Australian Highways Department.
A preferred corridor 10 km wide was selected from among seven alternatives, within
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which the precise alignment was to be determined later. Among the seven corridors
considered, four (Routes 2, 4, 5 and 6) went within 30 km of the Olympic Dam Project
Area. The preferred corridor was Route 3 (which was the second shortest}, from Pimba
to Coondambo to Hawks Nest Bore to Coober Pedy to the Northern Territory border.
The staged comnstruction of the Stuart Highway along this new alignment commenced in
1980 and is scheduled for completion in 1987.

The completion of a sealed Stuart Highway is expected to give rise to an increase of
more than 70% in traffic volumes on the highway, with a considerable increase in the
proportion of cars in this traffic. The major impacts of the highway upgrading are
predicted to be felt by the towns of Kingoonya and Cocber Pedy, both of which are
outside the defined area of interest of the Olympic Dam Project. Pimba's local economy
is also expected to derive some benefit from the increased traffic and the possibility of
increased tourism (SAHD 1978).

4.1.8 Tourism and recreation

In 1975, the South Australian Government Tourist Bureau undertook a Tourist Develop-~
ment Survey for the Far North of South Australia (South Australian Government Tourist
Bureau 1975). The distinct scenic and recreational attractions which this report
identified in the Olympic Dam region included:

. the water courses of Lake Eyre Basin

. mound springs, in particular Blanche Cup and The Bubbler
. Andamooka

. Strangways Springs repeater station.

All of these sites have been plotted on Figure 4.2.

The extensive sand plains of the Lake Eyre Basin lie to the east of the Breakaway
escarpment. This area is crossed by a large number of tree-lined water courses
(including the Gregory, Stuart, Margaret, Neales, Peake, Woodmurra, Macumba and
Alberga Creeks) which drain from the Western Plateau and the Denison Ranges.

Along the southern and western margins of the Great Artesian Basin there is a belt of
country extending in an arc along the old Marree to Alice Springs railway line, where
artesian water rises naturally to the surface as mound springs. Blanche Cup and The
Bubbler are two mound springs of particular interest near Coward Springs on the Marree
to Oodnadatta road. Blanche Cup is a near symmetrical cone with a clear pool of water
at its peak, while The Bubbler is a shallow pool in which emerging water and gases
produce convulsions of sand and mud. (Section 10.3.3 discusses mound springs in more
detail.)

Tourists are catered for at Andamooka by organized inspections of opal mines, as well as
by fullday and half-day tours of the surrounding country.

Near Strangways Springs repeater station (35 km north of Coward Springs, close to the
Marree to Oodnadatta road) are the ruins of one of the original eleven repeater stations
built along the route of the Overland Telegraph Line in 1870-72. These ruins have been
declared an historic reserve.

Another attraction in the region, but outside the area of interest, is the Breakaway
escarpment, a continuous escarpment defining the eastern edge of the Australian Shield,
which extends for 250 km in an arc from Oodnadatta to Andamooka. Currently, the most
accessible segments of the arc are the Arckaringa Hills adjacent to the road from
QOodnadatta to Mount Willoughby on the Stuart Highway. The escarpment terminates on
~ the western edge of the area of interest.
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The South Australian Government Tourist Bureau report indicated that the high cost,
prolonged travelling times, and climatic extremes restricted tourism in the region.
While an observable increase in visitor penetration has occurred in recent years, it has
been focused on Coober Pedy, and the total number of visitors to the entire Far North
region is low when compared with numbers elsewhere. Visitors to the region are either
in transit (particularly on the Stuart Highway), touring the area over a prolonged period,
or on organized tours of up to two weeks. Nearly all visitors travel in the area between
March and November to avoid the high summer temperatures. One of the conclusions to
emerge from the report was that poor road conditions have minimized the use of
conventional cars by visitors to the area. This was seen to be the major constraint on
the growth of tourism in the region (SAGTE 1975).

14.1.9 Local public consultation

Western Mining Corporation has been undertaking exploration in the Olympic Dam region
since 1975 and has enjoyed 'good neighbour' relations with surrounding pastoralists and
with Andamooka residents. There has been regular consultation between field
supervisors and pastoralists, and Western Mining Corporation's regional managers
followed a policy of formally notifying pastoralists of planned works and activities on
pastoral lands within the lease area. The company also participated in a government
sponsored public meeting held in Andamooka relating to proposed changes to mining
legislation within the proclaimed Precious Stones Field.

Following the formation of the Joint Venture, Roxby Management Services' line
managers have maintained regular contact with pastoralists on matters such as road
relocation and upgrading, stock grid placement, fence construction or repair, and the
relocation of stock watering points when required as a result of alienation of surface
waters by drilling operations. Higher level discussions have also been held between
senior company representatives and the lessees of Roxby Downs to advise on proposed
developments.

As part of the environmental studies programme associated with the Project, an
agricultural and farm management consultant was engaged by Roxby Management
Services to conduct discussions with the owners or managers of the six stations adjacent
to the Project Area. These discussions were conducted on an informal basis, with the
aim of ascertaining current perceptions of the effect which the Project is expected to
have on station management. Pastoralists in the Olympic Dam area were found to be
basically concerned with the following issues (discussed in Section 4.2.2):

. the potential for an increase in vehicle/livestock accidents
. interruption of surface run-off into dams

. the increased population in the area, and the potential increase in interference to
pastoral activities caused by fire, shooters, dogs and vandals.

At a less official level, good neighbour relationships have also developed, with a number
of local pastoralists and Andamooka residents regularly participating in sporting and
social events at Olympic Dam. Pastoralists who have lived in the area over a long period
have also assisted with the compilation of historical data discussed elsewhere in this
document, relating to movements of people and pastoral activities in the region prior to,
and following, the establishment of Woomera.

4.1.10  Factors influencing the location of facilities

The Department of Environment and Planning has noted that there appear to be
duplications, omissions and a lack of co-ordination in much of the current system of
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management and administration of the Far North of South Australia (SADEP 1982). This
is seen to be a consequence of the changing emphasis in land use, with a movement away
from the traditional pastoral dominance to a complex array of uses including
pastoralism, mining, defence, transport, tourism, recreation, wildlife management and
conservation.

A number of State Government departments and agencies have responsibilities in the Far
North. As yet, there is no local government, although most local communities have
progress associations or similar bodies. The location of facilities within the area of
interest is influenced by the requirements of development plans prepared under the
provisions of the Planning and Development Act, 1966-1981, and by the need to avoid
National Parks and Wildlife Act reserves, sites of geological significance, sites on the
Register of the National Estate, and areas of scenic or recreational attraction. Although
Clause 28 of the Indenture Agreement secures for the Joint Venturers the right to carry
out mining and provide power and water, whenever practicable the requirements of
development plans will be considered by the Joint Venturers in the location, design and
construction of Project facilities.

The area studied is covered by two separate authorized development plans (Figure 4.4):

. the Far North Planning Area Development Plan
. the Flinders Ranges Planning Area Development Plan.

The Far North Planning Area Development Plan, which was declared an Authorized
Development Plan in March 1982, establishes a series of development contrcl principles
to guide public and private development in those areas where control is exercised either
under the Planning and Development Act or through lease conditions under the Crown
Lands Act or any other relevant Act. The principles contained within this Plan relate to:

. orderly growth of settlements

. development outside settlements
. suitability of land and buildings

. traffic and parking

. environmental protection

. mineral resources.

In particular, the environmental protection guidelines within the Far North Development
Plan require that developments should not destroy or lessen the value of any significant
item of natural or man-made heritage, and should not generally take place near an area
proposed for consideration as an area of special environmental significance until such
time as a management plan has been prepared (SADEP 1982). Figure 4.4 shows the
distribution of features of special environmental or heritage significance which occur in
the area studied, including the Hermit Hill mound springs complex, the Coward Springs
mound springs complex (including The Bubbler and Blanche Cup Springs), Island Lagoon
and Pernatty Lagoon.

The Flinders Ranges Planning Area Development Plan {South Australian State Planning
Office 1973), which was authorized in February 1973, also establishes a set of general
principles to guide development. Only a small portion of the area of interest lies within
this planning area, and the only component of the Olympic Dam Project which will be
within it is a section of the southern transmission line corridor (Figure 2.21). The
principles contained within this Plan relate to:

. orderly and economic development

. land usc zoning
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. reservation of land for public purposes

. traffic and parking

. conservation, preservation or enhancement of areas of visual significance

. preservation of buildings or sites of architectural, historical or scientific interest, or
beauty

. preservation of vegetation

. outdoor advertising

. suitability of buildings

. prospecting, mining, quarrying and similar extractive and associated manufacturing
industries
. redevelopment of substandard areas.

The Plan divides the rural lands of the planning area into the following three
environmental classes:

. Class A: areas of high scenic value or scientific interest, or suitable for
conservation as areas in which people may walk or seek recreation in attractive
natural environments containing little evidence of human impact. Only minimal
development is permitted in these areas.

. Class B: areas constituting the immediate foreground of the most prominent
ranges, and containing many features of outstanding natural beauty. Although it is
intended to keep these lands generally free of development, some small-scale
development is permitted.

. Class C: all remaining rural lands in the planning area, including the generally flat
land of low scenic value on either side of the Flinders Ranges and the relatively low
uplands in the north-west portions of the Ranges. The primary land use is pastoral.

No reserves coming under the National Parks and Wildlife Act, 1972-1981, occur in the
area of interest,

Figure 4.4 shows three sites of geological significance in the wvicinity of the
infrastructure corridors, together with other sites noted in the immediate vicinity. Site
1 on the western shore of Coorlay Lagoon and Site 2 around the margins of Purple Lake
are considered to be 'the best exposed outcrops of the base of the Andamooka carbonate
sequence on the Stuart Shelf west of Lake Torrens' (South Australian Museum, pers.
comm.). Fossil cones thought to be from casuarinas of Cainozoic age have been found at

Site 3 near The Pines homestead, although the source of these fossils has not yet been
located.

Only one site in the Register of the National Estate was identified in the vicinity of the
infrastructure corridors. This and other sites in the immediate vicinity have been
plotted on Figure 4.4. The northern portion of the corridor falls within an area of
2,100,000 ha designated as Lake Eyre and environs (refer Section 10.2.3 for further
discussion). There are no sites which have been nominated for inclusion on the Register
of State Heritage Items within the corridor.

Areas of tourist interest discussed in Section 4.1.8 have also been plotted on this figure.
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4.2 LAND USE IMPACTS AND MITIGATION MEASURES

While pastoral activities comprise the most extensive land use in the area of interest, a
number of isolated settlements owe their current status, and their future, to one or more
of the following industries:

. transportation
. mining and exploration
. tourism and recreation

. weapons testing, satellite tracking and deep space research,

As the Project will alter the land use and land tenure pattern in the area of interest,
these impacts have been assessed to determine whether they will affect the viability of
existing land uses, and whether they will be compatible with adjoining land uses. Only
those land use impacts in the immediate vicinity of the Project Area have been studied
in this chapter; land use impacts associated with the infrastructure corridors are
discussed in Chapter 10. The basic conclusion has been that most of the direct effects of
Project development within the immediate vicinity will be upon the pastoral industry.

However, the introduction of 9,000 people into the Far North region of South Australia
(which currently has an approximate population of 10,000), will also have indirect effects
on land use. These indirect effects will be associated with recreational and other
activities of the Olympic Dam town population rather than with their work-related
activities connected with Project construction or operation. Indirect effects include
such aspects as the greater use of transport facilities and increased patronage of tourist
attractions.

While the Joint Venturers propose to adopt a variety of mitigation measures to alleviate
the direct impacts on pastoralists (Section 4.2.2), indirect impacts will be in areas
outside the jurisdiction of the Joint Venturers. Thus, actions by others with the
appropriate authority may be required in relation to these indirect impacts.

4.2.1 Land use and land tenure pattern

Figure 2.1 depicts the land use pattern which will be developed within the Project Area.
Although the details of land tenure have yet to be finally defined, the Indenture
Agreement provides the basis for the various forms of land tenure which will exist within
the Project Area.

The operations area will be held under a Special Mining Lease in accordance with the
provisions of Clause 19 of the Indenture Agreement. This lease will provide the Joint
Venturers with exclusive rights of occupation and possession. In the first instance the
lease will be for fifty years, with the right to extend for up to a further fifty years. It is
expected that the boundaries of the Special Mining Lease will be those of the current
Joint Venture Exploration Licence, modified where necessary to accommodate the
tailings retention area and any other surface facilities outside the current lease
boundaries. In accordance with Clause 24(6) of the Indenture Agreement, freehold titles
over areas of land required for surface facilities in the operations area will be granted to
the Joint Venturers by the State. These freehold titles will revert to the State two years
after the termination of the Special Mining Lease.

Following the recent ratification of the Indenture Agreement, the State is able to
dedicate an area for town purposes, including a town buffer zone. The dedicated land
will be placed in the care of the responsible Minister until a Project Notice is issued,
upon receipt of which an area {agreed by the Joint Venturers and the Minister) will be
declared a municipality. (Further discussion of the clauses of the Indenture Agreement
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relevant to town development, together with details of municipal management, are
provided in Chapter 11.)

Clause 24 of the Indenture Agreement provides for subdivision of the necessary portions
of the land dedicated for town purposes, and the granting of freehold title over the
allotments to the Joint Venturers. The land may be subdivided either by the Joint
Venturers or by the State.

Special buffer zones will be created around both the operations area and the town, in
accordance with Clause 25(1) of the Indenture Agreement. The mine buffer zone
surrounding the operations area will be leased to the Joint Venturers, who will be
responsible for fencing it to restrict unauthorized access and for keeping it free of
vermin and pests. The town buffer zone will be leased to the municipality, which will be
responsible for the maintenance of any fencing and for keeping the land free of vermin
and pests. No development will be permitted within the town buffer zone {(with the
exception of infrastructure development) and access will be restricted.

Land not held under Special Mining Lease or Special Buffer Zone Lease or not dedicated
for town purposes may continue to be held under pastoral lease by the current lessees.
4.2.2 Pastoral use

The Project has the potential to impact upon existing pastoral leases in a number of
ways. Positive effects are expected to be:

. access to town facilities
. the availability of a reliable stock water supply
. improved transportation,

while the potentially adverse impacts are expected to be:

. division and loss of land
. vehicle/stock accidents
. danger to stock

. vandalism.

Access to town facilities

An obvious benefit to the pastoralists in the areas adjacent to the Project will be the
convenience afforded by ready access to the wide range of commercial, medical and
educational facilities in the new town. Currently, facilities of this type are located at
considerable distances from the homesteads, and access is generally by way of roads of
less than average standard. While some lessees prefer to have some degree of isolation,
this should not be affected as no homesteads are in close proximity to the Project Area.

Stock water supply

As noted in Section 4.1, the viability of the pastoral leases in the area is very much
influenced by the vagaries of drought. Water for the Project is to be supplied by
pipelines from two borefields located in the Great Artesian Basin to the north of the
Project Area (Section 2.5.5) and, while this water will not be of potable quality, it will be
suitable for the watering of stock. Clauses 13 (13)(a) and (b) of the Indenture Agreement
make provision for third party usage of water obtained from the borefields, with this
usage to be a matter for negotiation between the Joint Venturers and the third party.
Stock water could be made available from the pipeline to five of the six stations in the
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vicinity of the Project Area (the exception being Arcoona), and such provision may offer
the stations a buffer against the effects of drought.

Improved transportation

Benefits will be afforded to the region's pastoralists by the improved transportation
system developed to service the Project, which is discussed in Section 10.4.

Division and loss of land

As shown on Figure 4.2, the greatest loss of pastoral land will occur on Roxby Downs
Station. The development of the Project will require the annexation of approximately
200 km® , which is about 10% of this station's area. If an even distribution of waters and
edible vegetation is assumed, a reduction in lease stocking capacity of 2,000 sheep
equivalents is implied. The only other loss of land will occur on Andamooka Station,
where it will be necessary to annex a small area (about 1 km? )} for the construction of
the airport.

Under Clause 31 of the Indenture Agreement, the Joint Venturers are responsible for
payment of reasonable compensation for loss of land and/or the loss of production from
any land required by the Joint Venturers for the purposes of the Project. In the case of
Roxby Downs, an agreement has been reached with the lessees, and it is likely that
portions of Purple Downs (currently held under pastoral lease by Western Mining
Corporation) will be transferred to Roxby Downs as replacement for annexed land.

A further consideration is that development works such as roads can cut off parts of
water catchment areas for stock dams, thus reducing the volume of water available for
storage. The only stock dam affected by development within the Project Area is
Olympic Dam, with current exploration activity preventing its use as a stock water
supply. An agreement has been reached with the owner of Roxby Downs Station for the
provision of an alternative stock water supply, the quantity of which is equivalent to that
which would have been available in Olympic Dam based on the amount of run-off stored,
the quantity used and evaporation rates.

The alienation of areas of land by development can create the potential for land parcels
which cannot be grazed efficiently. This fact was recognized in the Declaration of
Environmental Factors for the Phillip Ponds to Olympic Dam road, in which the lessees
signified their agreement to the road alignment and in which a commitment was provided
to construct new fences or realign existi