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Abstract. A recent $2 billion1 expansion at Olympic Dam saw production capacity increased to 200 000 tonnes
of copper cathode, 4500 tonnes of UOC, 80 000 ozs of gold and 850 000 ozs of silver from the mining and
milling of about 9 million tonnes of ore. The Expansion required the prior preparation and approval of an
Environmental Impact Statement (EIS). Design Criteria and Codes of Practice applied during design and
construction of the Expansion ensured that no environmental incidents occurred during construction, and
implementation of an Environmental Management System has ensured that operation of the expanded facilities
continues to have low impacts.

1. INTRODUCTION

The Olympic Dam orebody, discovered by WMC Resources Ltd in 1975 is located 560 km North of
Adelaide in South Australia. It is located in a sparsely populated arid area with annual average rainfall
less than 150 mm in a region that is used predominantly for pastoral activities. Air temperatures range
from 0 degree minimums in winter to 48 degree maximums in summer. The nearest towns are that of
Roxby Downs (pop 3000), 13 km S which was established to house the operation workforce, and
Andamooka (pop 700) an opal mining town 35 km NE. The mineral resource contains 2320 million
tonnes of material at a grade of 1.3% copper and 0.4 kg/tonne uranium together with gold and silver.
Included in this resource is a proven and probable reserve of 605 million tonnes of ore at a grade of
1.8% copper, 0.5 kg/t uranium, 0.5 g/tonne gold and 2.5 g/tonne silver. The orebody is amongst the
largest copper and uranium resources in the world and is able to support production for many years to
come.

The Project was initially developed in the period 1986 to 1988 with subsequent minor expansions in
ensuing years to a capacity of 85 000 tonnes/year copper and 1700 tonnes/year uranium in 1994.

A recent $A2 billion (US $1.2 billion) expansion saw annual production capacity increased to
200 000 tonnes of copper cathode, 4500 tonnes UOC, 80 000 ozs gold and 850 000 ozs of silver from
the mining and treatment of about 9 million tonnes of ore. Revenues from this production are
approximately split 70% copper, 25% uranium and 5% gold and silver.

The spread of products has some obvious advantages but also provides challenges in achieving best
practices in health, safety, environmental and technical issues. The expanded operation uses the most
advanced technologies to provide a low cost, safe and clean workplace with minimal environmental
impact. Careful consideration was given to the management processes necessary to achieve this goal
during the planning and execution of the expansion.

This paper outlines some of those management processes that were adopted during the Expansion
Project.

1 billion = 1 0
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2. ENVIRONMENTAL IMPACT STATEMENT

2.1. Environmental impact assessments

The Olympic Dam Project has been subjected to a comprehensive environmental assessment process
from its inception. This included an environmental impact assessment of the initial operations, licence
approval processes, the preparation of a waste management plan and the preparation every three years
of environmental management programmes.

The original project was covered by State and Commonwealth approvals of an Environmental Impact
Statement (EIS) prepared by Kinhill Stearns in 1983 and permitted the mining and processing of up to
6.5 million tonnes of ore for the recovery of 150 000 tonnes of copper plus associated products.

In the original project and subsequent expansions mining and metallurgical processes followed the
principles outlined in the 1983 EIS. The major expansion planned in 1997 was to continue to use
these processes essentially unchanged other than to incorporate improvements in technology and
measures for enhanced environmental performance, waste minimization, energy and water
conservation and occupational health and safety.

The Commonwealth and State Governments determined that any expansion beyond the production
levels approved in the 1983 EIS would require the preparation of a new EIS.

The environmental impact assessment process adopted in Australia comprises the release of EIS terms
of reference by Government, the publication of the EIS, a public display period during which the
public and Government agencies may comment on the EIS, the preparation of a response document
(referred to as a Supplement to the EIS), and the release of a Government Assessment Report. The
Assessment Report considers both the EIS and the responses by the company in the Supplement.

2.2. Process

The environmental impact assessment procedure for the expansion project required that draft
guidelines prepared by Commonwealth and State governments would be released for public comment
for a period of four weeks. Finalized guidelines for the preparation of the EIS were then issued by the
Governments that incorporated changes resulting from the assessment of public comments.

The EIS was then prepared by WMC and then following approval for its release by the government
was open for comment from the public and by government departments and agencies for an eight
week period. WMC then prepared a response to these comments in a Supplement to the EIS.

In total, the EIS attracted 39 public submissions, 13 submissions from State Agencies, and 3
submissions from Federal agencies. The comments covered the full range of matters covered in the
EIS, including questions on the project description, water management, land use, Aboriginal culture,
the biological environment, tailings management, air quality and noise, radiation, project
infrastructure, social environment, economic impacts, rehabilitation and decommissioning, and
management and monitoring.

The most comment was made on water management, tailings management and radiation. The water
impacts included possible impact of water supply on the Great Artesian Basin, the possible effects on
mound springs and the accuracy of borefield drawdown modelling. The EIS described two options for
tailings disposal and management - the conventional paddock method which had been used
previously, and the possibility of a central thickened discharge method. As a result of comments
received, it was decided to continue with the conventional disposal method. The major radiation
issues related to the long term containment of tailings material, and the assessment of radiation doses,
and their associated risk.
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The Supplement and EIS was then given further consideration by respective State and Commonwealth
government ministers before a final approval was given for the project to proceed.

2.3. Approvals

The EIS was released in May 1997, and the supplement was released in October 1997. A Joint
Assessment Report was prepared by the State and Commonwealth Governments in late 1997, and
included recommendations for approval of the proposed Expansion. The State approval was given in
December 1997, however the Commonwealth approval was subject to internal delays and was not
formally given until June 1998.

The Assessment Report was a combined State and Federal Government report. Australia is a
federation of states, thus there are separate State and Federal EIS processes, however by agreement
with the two Governments these processes were coordinated for the project. No major issues were
raised, however a number of recommendations were made. Most of these recommendations related to
commitment to ongoing monitoring. Recommendations of a one-off nature have been undertaken.

The approval provides for expansion of Olympic Dam in two stages, initially to 200 000 t/a copper,
and ultimately to 350 000 t/a copper. The approvals confirmed the two stage Expansion subject to
three principal conditions - the mining and minerals processing methodology is not significantly
varied, the sub aerial tailings disposal method continues to be used, and the water use and
management practices continue to remain in compliance with existing approvals.

2.4. Awards for excellence

The completed EIS was awarded a 1998 Engineering Excellence Award from the Institution of
Engineers, South Australia, and the 1998 ACTEW National Engineering Award for Excellence in
Environmental Management.

3. ENVIRONMENTAL CODES OF PRACTICE

3.1. Purpose

Three Environmental Codes of Practice (ECP's) were prepared to meet EIS commitments for
ecologically sustainable development through the minimization, and avoidance where possible, of
significant environmental impacts during the construction of the planned facilities. The three separate
ECP's covered the construction of a new 275 kV transmission line some 230 km long, upgrade of the
210 km water pipeline to the borefields, and construction works at the mine and minerals processing
plant. A summary of the main points of the ECP's is given below.

The ECP's were intended to provide project management and engineering design staff and
constructors with a concise understanding of the:

(a) physical, biological and heritage features of the project area;
(b) procedures to be followed to minimize environmental impacts associated with design,

documentation, construction and commissioning of the expanded facilities and associated
works;

(c) monitoring and audit reviews to be undertaken during the course of the work to verify
compliance.

3.2. Responsibilities

The Olympic Dam Expansion Project (OEP) was under the control of a Project Director who was
responsible for ensuring that the ECP's were distributed to the engineering designers for each work
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package, to the OEP Construction Manager and to other personnel responsible for verifying
implementation of the code.

3.3. Legislation

The various sections of Government legislation relating to the protection of the environment having
particular application during construction were referred to in the ECP's.

3.4. Site environmental procedures

In addition to complying with the requirements of the ECP's, Constructors were required to comply
with the following specific environmental management procedures which were prepared for the
expansion project:

(a) Environment and Heritage Management
(b) Site Excavation Permits
(c) Waste Management.

3.5. Environmental clearances

The facilities for the expansion were planned, where possible, so as to avoid areas of particular
environmental sensitivity. Engineering design managers consulted with the OEP Environmental
Adviser in order to identify specific environmental and heritage considerations to be taken into
account during the design process. Construction activities were planned and executed so as to
minimize, and avoid where possible, the potential for environmental and heritage damage.

Constructors had to submit a request for an Environmental Clearance to the Environmental Adviser
before any construction work could commence in any area. Depending on the nature of the work to be
undertaken, a separate excavation permit may also have been required. The request for Environmental
Clearance was accompanied by a work method statement prepared by the Constructor detailing:

(a) the scope of work
(b) machinery to be used
(c) how the work was to be undertaken
(d) the extent of ground disturbance necessary to undertake the work
(e) specific rehabilitation measures to be undertaken.

Rehabilitation measures were, in particular, to address the prevention of erosion and to promote the
re-establishment of native vegetation.

Approval of the work method statement required the sign off of the Constructor, the Construction
Manager and the Environmental Adviser prior to the issue of an Environmental Clearance.

3.6. Consultation

Local residents, pastoralists and Aboriginal groups were widely consulted about the expansion. WMC
has made considerable effort to develop and maintain good relations with the regional community.
The actions of construction personnel were therefore to be such as to continue to foster these
relations, both within and external to the project area.

3.7. Land management, access and Flora and Fauna conservation

Care was taken to ensure that construction activities were not to alter or impede natural drainage
patterns or increase sediment run-off, and that removal of vegetation was minimized. Topsoil was
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stripped and stockpiled separately from other excavated material for use in subsequent surface
restoration as directed by the Environmental Officer.

All vehicle access to construction sites within the project area was via existing sealed roads. Where
temporary roads were required within construction sites they were to follow the planned alignments of
the final road network, or were to be over surfaces to be disturbed during construction.

Vegetation, particularly on sand dunes in the area, provides important habitats for native animals. It
was therefore, important to retain as much of the native vegetation cover as possible. Because of their
importance as nesting and breeding sites for a variety of birds and other animal species, mature trees
and tall shrubs were not permitted to be cleared without written authorization from the OEP
Environmental Adviser.

3.8. Aboriginal sites

WMC continued to provide opportunities for Aboriginal people to inspect sites both during and
following construction. Aboriginal sites were not to be disturbed with a site avoidance strategy
implemented during planning for the expansion. Prior to commencement of construction all known
Aboriginal sites were identified and clearly marked.

All construction activities were confined to the designated work areas, with access to adjacent areas
prohibited. It is particularly important to avoid potential offence to Aboriginal people through
inadvertent access to sites of cultural significance.

3.9. Water conservation

Water supplies at Olympic Dam are limited and expensive, and WMC has in place a water
conservation strategy to improve the water use efficiency in its operations and for domestic purposes.

Constructors were to ensure that water use in their respective work areas was efficient, and that a
culture of waste minimization was developed and maintained by the workforce.

Wherever possible, stormwater and mine water was used for construction purposes and dust
suppression.

3.10. Pollution and waste management

All construction areas were kept free of litter, and solid wastes were regularly removed for recycling
or disposal at the Olympic Dam Waste Transfer Control facility.

All fuels, oils and lubricants were stored in accordance with Australian Standards and clearly
signposted, designated and segregated according to the nature and quantity of material stored. All
storage areas were properly bunded to fully contain accidental spills.

Dangerous goods and hazardous substances were required to be used, transported and stored in
accordance with the requirements of the South Australian Dangerous Substances Act covering toxic,
corrosive and flammable substances.

3.11. Occupational health and safety

A site occupational health and safety plan was prepared by OEP management.

Within the framework of the overall plan, individual Constructors were to undertake an assessment of
risks to their respective workers and prepare specific plans and procedures for their particular
operations to include but not be limited to:
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(a) safe work practices
(b) vehicle operations and safety
(c) fire precautions
(d) storage and handling of dangerous goods
(e) health and first aid
(f) heat stress
(g) precautions against venomous snakes
(h) communications including emergency services
(1) contingency plans.

Constructors were to ensure that all workers were familiar with the plan, verify compliance, and
conduct such inductions and remedial training as necessary to meet duty of care obligations to the
workforce.

3.12. Radiation safety

Radiation Safety at Olympic Dam is subject to regulation by South Australian government authorities,
and is implemented on site by specialist WMC radiation safety staff. The National Health & Medical
Research Council, Worksafe Australia and the International Commission on Radiological Protection
(ICRP) recommend an effective dose limit of 100 mSv over a period of five consecutive calendar
years, with a maximum of 50 mSv in a single year. This equates to an average limit of 20 mSv/yr for
designated workers. WMC has adopted an internal individual target limit of 10 mSv/yr.

Radiation safety staff conducted an ongoing radiation monitoring programme for the construction
workforce, the details of which were the subject of a separate information handout for each worker.
Radiation safety was also addressed during the induction of the workforce prior to their
commencement on site. No person is permitted to commence work on site at Olympic Dam without
having been inducted.

3.13. Monitoring and audit

Monitoring and inspection of construction activities and Constructor's environmental management
practices were undertaken throughout the construction period.

The monitoring was to ensure compliance with the ECP and requirements of environmental
clearances and of site rehabilitation and restoration progress.

4. DESIGN CRITERIA

4.1. Aim and philosophy

The aim of the Design Criteria document was to provide direction on the operational occupational
health, safety and environment standards for the expanded facilities at the design stage. It takes into
account many years of operational experience at Olympic Dam and is designed to be a practical
guideline for ensuring compliance with all relevant legislation, commitments of the EIS and to specify
the standards to be met for WMC facilities.
The philosophy used in the document is to involve formal hazard management consisting of three
integrated components. Hazards must be identified, their magnitude must be quantified and then they
must be controlled as appropriate. Quantification is essential as it provides the justification in the
control stage. Control can take three forms:
(1) designing the facilities to design out, as far as practicable, occupational or environment risks.

(2) using safe working systems and procedures that minimize risks.
(3) using personal protective equipment that controls impacts if risk situations occur.
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The document provides a formal framework for considering workplace and environmental hazards.

Matters for specific consideration for the Mine and the Process Plant design are covered in the
document and summarized below.

4.2. Legal requirements

The Design Criteria document outlines the legislation requirements to be met for Occupational Health
and Safety and General Environmental Duty.

4.3. General safety and hazards

4.3.1. Design criteria document approach

In relation to General Safety the Design Criteria considers:

(a) plant layout design
(b) working procedures
(c) safety equipment
(d) manual handling and heat stress
(e) lighting and vibration equipment
(f) equipment guarding and machine guards.

Types of Hazards that can be present at Olympic Dam are listed and categorized as acute exposure
hazards and chronic exposure hazards. Chronic hazards are those that are liable to be detrimental to
health following long term exposure, and acute hazards are those that may produce immediate
traumatic injury.

4.3.2. HAZOPS

The Design Criteria document detailed the philosophy of the approach to plant design to minimize
chronic and acute hazards, and was complemented by a two stage Hazard and Operability study
(HAZOP) process.

The first stage (preliminary) HAZOP was undertaken during the preliminary design, and identified the
key chronic and acute hazards in all sections of the mine and plant, and potential control methods.
The identified potential hazards from the preliminary HAZOP were reported on in the EIS.

During the detailed design stage remedial measures were adopted into the design to ensure that the
exposure to workplace hazards was minimized. As part of the detailed design, detailed HAZOPS were
conducted for each section of the plant, and also for tie-in of the various plant sections.

These HAZOPS adopted the practice of an external facilitator with extensive experience in the
conduct of HAZOPS, together with a team comprising design engineers, operational engineers and
others. The HAZOPS were open meetings and any personnel with an interest or something to
contribute could attend. Some of the HAZOPS were conducted by videoconferences to ensure that all
personnel with potential input to the HAZOP were accommodated.

Regulatory authorities were kept fully informed of the HAZOP schedule and in fact were invited to
attend and participate in any HAZOP sessions they wished.

4.4. Mine

4.4.1. Fire suppression

This section of the document covers where fixed fire detection and fire fighting equipment should be
located and the requirements for fuel storages and conveyor fire suppression systems.
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4.4.2. Dust control

The general approach to dust control in the Mine is, in order of precedence, to:

(a) suppress formation of contaminant
(b) confine or isolate contaminant

(c) ventilate to remove that which escapes.

In special circumstances, personal respiratory protection is specified.

4.4.3. Radiation control

The As Low as Reasonably Achievable (ALARA) philosophy is adopted.

The principal means of providing radon daughter control is to be by:

(a) providing a sufficient flow of air to control levels

(b) keeping the transit time of air through the mine to workplaces as low as possible to reduce
formation

(c) designing permanent working locations on the intake side of sources
(d) bulkheading or backfilling worked out areas.

The design limit for radon daughter concentration in occupied workplaces is to be less than 1.0 uJ/m3.

Gamma dose is to be reduced by considering:

(a) minimization of exposure time
(b) maximising distance of operator from ore
(c) interposition of shielding between source and personnel
(d) keeping personnel away from high grade ore intersections except for specific production tasks
(e) locating permanent access drives and ramps in waste or low grade material where reasonable.
The Design Criteria proposes 1 OuGy/h as the level at which use of protective measures is to be
reviewed, should personnel be required to spend their working time in the location for extended
periods. Control measures would include use of remote controlled mining equipment.

4.4.4. Noise control

Occupational exposures to noise should be as low as reasonably achievable and below any regulatory
requirements. The site operates on a 12 hour shift basis, which reduces the applicable limit for noise
exposure to operators from 85 dB(A) to 83 dB(A).

The goal for noise to operators is 80 dB(A) or less. Where this is not achievable, as a last resort,
hearing protection may be used for noise control with areas requiring it to be clearly signposted.
Operator cabins and control rooms are to be sound proofed so as to ensure noise levels are less than
80 dB(A).

4.4.5. Ventilation and mine planning

The general approach specified is that ALARA principles be adopted and that the mine ventilation
system is to be designed within these principles and to more than 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.
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4.5. Process plant

4.5.1. Spillage control and cleanliness

Cleanliness of the facilities is of vital importance for maintaining occupational hygiene, radiation
protection, safety standards and environmental standards. The ability to clean and to keep clean all
plant is an explicit aim of all engineering design.

The general principles of spillage control are:

(a) design to reduce the probability of spillage
(b) containment of the potential contamination
(c) collection of any spilt contaminants.

4.5.2. Dust control

Similar to requirements for the Mine, with design criteria for respirable dust in the workplace set at
0.5 mg/m3 thus ensuring compliance with the Worksafe Australia exposure standard for silica.

4.5.3. Fire suppression

Similar to Mine for fire detection and fire fighting and with the requirement that the plant layout
should allow clear access and escape routes that are high and wide enough for fire, rescue and
ambulance vehicles.

4.5.4. Noise control

Similar to Mine requirements.

4.5.5. Radiation control

Past experience and monitoring has demonstrated that exposure to radon daughters is insignificant in
the Process Plant. Gamma radiation has been found to be only significant in areas of bulk storage of
radioactive material. These areas are the yellowcake storage shed, and the slag handling areas. The
storage of these materials is to be in areas away from permanently occupied areas or areas frequented
by personnel.

Airborne radiation contamination should be controlled by the measures outlined for dust control.

4.5.6. Workplace contaminants

The Design Criteria required that facilities be designed and engineered to prevent the release of
contamination into the work environment but recognized that this may not be achievable in all cases.
As a design rule, all workplace contaminant concentrations should be as low as reasonably achievable
and certainly within any recognized limits.

The exposure standards defined under the Worksafe Australian Standard for Exposure Standards for
Atmospheric contaminates in the Occupational Environment are used as maximum concentrations
with design goal to be for no more than 25% of these levels.

For all processes a formal risk assessment procedure must be followed to:

(a) identify all potential emission source locations
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(b) identify all potential contaminants from the sources
(c) make an assessment of workplace concentrations
(d) select appropriate control mechanisms, if required, to ensure that workplace concentration

levels meet the design goals.

4.5.7. Stack emissions

The EIS and the State's Environmental Protection Act required that "...all reasonable and practicable
measures to prevent or minimize any environmental harm..." must occur. To formalize this process a
risk assessment procedure must be followed for all sources of airborne pollution. The process is to:

(a) identify all potential emission source locations
(b) identify all potential contaminants and characteristics
(c) make an assessment of emission quantities and ground level concentrations of all potential

contaminants and the frequency of such occurrences
(d) select appropriate control measures to ensure that emissions comply with levels set below

regulatory limits.

4.5.8. Tailings disposal

After consideration of alternatives the design of the tailings disposal facility continued the previous
practice of conventional paddock systems with a lined centre decant draining excess liquor to separate
evaporation ponds. As previously it was intended that a portion of the tailings be deslimed and used in
the mine backfill facility, the target for this amount was set at 20% of the total. The design criteria
included the need to:

(a) limit radon flux while the disposal systems are being used
(b) limit the lift-off of dust from the tailings surface during the operation of the TSF
(c) ensure that the rehabilitated structures remain intact under climatic and seismological

influences in the very long term
(d) limit the quantity of radon released from the surface of the rehabilitated structures in the very

long term
(e) limit the contamination of underlying aquifers in the very long term
(f) ensure that accidental intrusion into the tailings repository is avoided in the very long term.

5. RESULTS

The effectiveness of the processes used in design and construction of the expanded facilities is
indicated from the results of radiation monitoring and accident frequency rate measurements.

For the period 1/7/98 to 30/6/99 assessment of employee radiation doses has shown that no designated
employee received more than 50% of the annual dose limit of 20 millisieverts. The annual average
dose to all designated employees was 1.9 millisieverts with a maximum of 9.2 millisieverts.

The site wide Lost Time Injury Frequency Rate (LTIFR) is approximately one third of the National
Industry average.

It should be noted that the operation of the mine and plant is covered by a comprehensive
Environmental Management System, which includes quarterly review with the authorities and
submission of an annual report. The Design Criteria document and ECP's used in the design and
construction of the Expansion complemented this EMS.
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