CHAPTER 2: EXPLORATION, EXTRACTION
AND MILLING

The activity under consideration is the
expansion of the current level of exploration,
extraction and milling of minerals containing
radioactive materials in South Australia.

WHAT ARE THE RISKS?

Most modern exploration methaods cause little environmental
disturbance, as they involve geophysical data collection,
surface sampling and stream sediment analysis.

In the case of uranium, the exploration process is similar to
that for any other mineral commodity. Geophysical surveys
are used to detect characteristics associated with uranium
mineralisation, including anomalies in measured radioactivity,
magnetism, gravity and electrical conductivity. They are first
perfarmed from the air to identify sites of interest, which are
then surveyed on the ground.” Surface features of the site,
such as soil, stream sediment and geology, are sampled and
analysed to obtain further information about the underlying
geology and potential mineralisation.

Depending on the results of the geophysical surveys and
surface exploration, physical investigation of the underlying
geology is undertaken. This involves borehole drilling into the
ground to obtain a sample of rock material.* Technical analysis
of the sample provides information about gamma radiation,
groundwater and other physical characteristics, and chemical
analysis is undertaken to quantify the geochemistry.

These characteristics can then be used to madel the
framework of the underlying geology and identify
further targets for exploration.

Mare significant environmental impacts associated with
mineral exploration may arise from the use of borehole
drilling, which can directly affect surface water, groundwater,
soil, flora and fauna.” When a site is selected for exploration
drilling, it is cleared of vegetation. Depending on the density
of that vegetation and the topography of the ares, this can
be done with minimal impact, although drilling areas may
require heavy machinery to excavate sumps, as well as to
clear tracks and drill pads.® Drilling activity may cause other
impacts that require monitaring and management, including
light, dust, vibration and noise.

Exploration for minerals in South Australia is undertaken in
accordance with licences issued by the state government.
A program for environment protection and rehabilitation
(PEPR) approved by the Department of State Development
(DSD) is also required before activities commence.” A PEPR
provides details about the mineral commodity targeted by an
exploration company and the proposed exploration program,
including landowner and native title holder engagement
strategies and environmental management measures.

The PEPR approach requires companies to take account of
environmental risks before, during and after exploration.

When exploration programs finish, a company is required to
return the sites to their natural, pre-exploration state, as far
as possible™, for example, by ripping’ tracks, which loosens
compacted topsoil to promote regeneration of the native
vegetation.® If exploration activities are likely to cause a
significant environmental disturbance or are to occurin
sensitive environmental areas, for example, national parks,
there are provisions for the state government to require
financial bonds.

Once DSD is satisfied with the PEPR, a tenement area

will be granted for a specified term of up to five years.

A radiation management plan (RMP), prepared in accordance
with guidelines issued by the South Australian Environment
Protection Authority (EPA), is also required to ensure
adequate radiation pratection of workers, the public and the
enviranment.'® The EPA is South Australia's independent
environmental regulator.

In South Australia, uranium exploration has a history of
compliance with environmental protection measures,
although there have been instances where this has not
occurred. For example, in 2008, Marathon Resources was
found to have inappropriately disposed of wastes at sites
where it had undertaken exploratory drilling. The regulator
required the company to undertake rectification works, which
were appropriately completed and independently verified.

The methods used in Australia to mine uranium are
underground, in-situ leaching (ISLJ, also known

as in-situ recovery, and open-cut.® There are other
extraction methods, such as acid heap leaching, not currently
used commercially in Australia.
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Figure 2.1: A cross-section of an underground mine

Olympic Dam in South Australia, which is owned and
operated by BHP Billiton, is an underground mine that uses a
sub-level open stope method (see Figure 2.1). This method is
complex and requires extensive infrastructure.®” In addition
to the mine (see Figure 2.2), the operations at Olympic

Dam include tailings storage dams, waste rock storage
areas, product storage areas, an ore processing plant,
administrative and residential buildings, and infrastructure

to facilitate transport and the supply of utilities.

Operations at underground mines pose risks to warkers,

the environment and, potentially, members of the public.*'

If appropriate risk management strategies are not
implemented, mining operations might result in underground
collapse, rock fall, dust and noise pollution, and exposure to
radiation and other radioactive particulates, causing harm to
workers and the public, or environmental contamination.®
Prevention and mitigation measures are used to reduce the
risks of underground mining activities in accordance with
regulatory requirements.** This would continue to be the
case if underground operations using the present mining
method were to be expanded.

Some of the environmental impacts identified in current

and former mines elsewhere in Australia are more
challenging than in the arid conditions of South Australia.
The geochemical composition of a uranium ore body,

in particular the presence of sulphides, increases the
potential for uranium to migrate through the environment.
That migration is assisted by water in areas of wetter
climatic conditions.** As a result, strategies for managing the
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environmental impacts of uranium mining activities need
to consider not only the nature of the extraction method,
but also local climatic and geochemical conditions.

MINE WASTES

Uranium mining requires a radioactive waste management
plan (RWMP) that is approved by the EPA and updated as
requested by the operator or the regulator. A RWMP autlines
how a proponent will manage risks to the environment
resulting from mining pracesses, including the production and
management of radioactive wastes.”

Mine wastes, known as tailings, comprise solid and liquid
chemical wastes generated through milling and leaching
processes. They often include fine suspended particles of
rock mixed with acids and other chemicals. In the context

of uranium mining, tailings generally contain radioactive
elements, including radium and radon.”® However, inadequate
containment at tailings dams is 8 more significant hazard
than the radioactivity level”’

Aloss of cantainment has the patential to result in tailings
breaching the dam containments and seeping into underlying
geology and aquifers. If breaches occur, the tailings can
render groundwater unsafe for use by humans and fauna.
For these reasons, tailings dams and facilities are engineered
and reinforced to avoid seepage or structural collapse.
Tailings dam engineering plans must be reviewed by DSD
before approval is given to start mining activities.”® Mining
companies are required ta monitor and report annually

on the integrity of their tailings dams and their retention



Figure 2.2: Underground mining at the Olympic Dam mine

Image courtesy of BHP Billiton

performance. In its maost recent environmental protection
and management program report, BHP Billiton stated there
had been no recent embankment failures and that the
groundwater beneath the tailings storage facility had not
reached a level where it interacts with vegetation, indicating
that any potential seepage was being managed.

Other general and mine-related wastes, both liquid and solid,
are generated during mining activities and, once the mine
has closed, are retained on the mine site.” If these wastes
interact with surface or groundwater, they can produce
leachate, which can infiltrate and contaminate the underlying
groundwater.?’ Leachate can contain contaminants, including
radionuclides, heavy metals and acids, which can render the
groundwater unusable. Waste and tailings facilities must

be suitably lined with clay or geotextile fabrics to prevent
their interaction with the surrounding environment.** At the
end of mining operations, tailings dams are required to be
capped to ensure that wastes are contained and risks to the
environment are managed.

GENERATION OF DUST AND HANDLING OF ORES

Underground and open-cut mining poses a risk to warkers
through exposure to radioactive dust particulates and
radon gas™, particularly due to the use of explosives, heavy
machinery and processing equipment, and other ground
disturbances.* There is a8 known association between
exposure to these sources and historical experience of
lung cancers in workers in uranium mines, where those
mines operated with limited or na protective measures

for workers.

In modern uranium mining operations, such as those at
Olympic Dam, the EPA-approved RMPs contain measures
to protect the health of workers. A key control is to minimise
direct handling of materials containing uranium. This is
achieved through the use of machinery and automation, for
example, in uranium oxide packing facilities. Other controls
include dust suppression by wetting dry surfaces, ventilation
to remove radon gas, real-time air quality monitoring, and
filtration systems, including in the cabins of trucks used
underground. For workers, measures include wearing
personal protective equipment, cleaning uniforms and
showering.

The radiation exposure of employees is monitored and

doses are compiled in reports to the EPA, which are publicly
available.”” Data on radiation doses to uranium mine workers in
Australia is collated by the Australian Radiation Protection and
Nuclear Safety Agency [ARPANSA)] in the Australian National
Radiation Dose Register (ANRDR).*® As set out in Chapter 7:
Radiation risks, the data shows that the exposure of workers is
significantly lower than the regulated limit.

In a submission to the Commission, it was asserted that the
RMP at Olympic Dam had not been updated between 1998
and 2013.% The implication was that protection measures
in mining operations had not been effectively regulated by
the regulatar or managed by the operator. The evidence is
that at all times there was an effective RMP at Olympic Dam
that had been approved by the EPA, the regulator. During
the period in question, the EPA had not needed to amend
the plan and the measures in the plan were implemented,
as evidenced by the EPA's regular inspection of the mine's
radiation safety measures.*® Therefore, the criticism made
is not a basis for suggesting that radiation protection could
not be effectively managed at Olympic Dam or elsewhere in
the future.
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IMPACTS ON FAUNA

Tailings fluids are acidified and contain other harmful
chemicals. In an arid environment, the water held in
tailings dams can attract native fauna. When fauna access
tailings dams, the result can be illness or death. Significant
numbers of birds and mammals have perished in the past
in tailings facilities at Olympic Dam.*' BHP Billiton has since
implemented measures ta minimise the interaction between
the fauna and tailings dam water, including fencing and
light and noise-deterrent systems, which have reduced
but not eliminated the risks.** Netting of the dams has
also been proposed.**

RISKS TO WATER SOURCES

Water is required during mining operations for minerals
processing, dust suppression and equipment washing.

As mines tend to be located in remote areas, away fram
majar pipeline infrastructure, water is a critical resource.

It can be sourced from the surface, including lakes and
rivers, or from aquifers. In so doing, there is the potential for
over-extraction of groundwater. As well as depleting water
resources, this could cause soils and remnant water to
become saline.

The water requirements at Olympic Dam are substantial,

with operations using an average of 37 megalitres of
groundwater a day.** Water is primarily supplied to operations
from Wellfields A and B, which draw from the Great Artesian
Basin, and are located 120 kilometres (km) and 200 km
respectively north-east of operations.*®

The quantity of water used is limited by BHP Billiton's
operating licence, which is issued by the South Australian
Department of Environment, Water and Natural Resources.

A monitoring program is incorporated in the licence to track
water use. The quantities of water extracted are recorded and
are publicly available in annual reports. Current extraction is
within the regulated limits.*®

Concerns have been expressed in the past that water
consumption at Olympic Dam was having a negative effect
on the environmentally sensitive Mound Springs, where
water from the Great Artesian Basin reaches the surface.”
However, ongaing monitoring has not identified any changes
in the springs beyond those predicted when Olympic Dam
was established and those stated in the 19397 environmental
impact statement. This is demonstrated by measurements of
the rate of flow and monitoring of flara communities.*®

Figure 2.3: The Four Mile ISL wellfield, with inset showing pipework linking into a well-house

Image courtesy of Heathgate Resources
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Figure 2.4: A cross-section of an in-situ leach uranium mine

1. In-situ leach (ISL) mining in South Australia is
conducted in aquifers, which, because of their
natural salinity and radon content, have no human
or stock use. As in underground mining, the risks
of ISL mining are managed by operators under the
supervision of regulatory authorities.

ISL mining recovers uranium from permeable sandstone
deposits by continuously recirculating a leaching solution
through mineralised ore zones, mobilising the uranium
and then recovering and concentrating the uranium at
surface facilities.””

The type of leaching solution used—whether acidic or
alkaline—depends on the composition of the geology and
environmental considerations. The South Australian ISL
mines—Beverley, Beverley North and Four Mile—use dilute
sulphuric acid and hydrogen peroxide to extract the
uranium from the host rock.*”

ISL mines require both extraction and monitoring wells, as
well as a system to transport the solution containing uranium

to a processing plant. Unlike underground or open-cut mining,

the uranium is extracted with minimal ground disturbance.

This is indicated in Figure 2.3, which shows the wellfields
at Four Mile and the above-ground pipework, which
ultimately leads to the associated processing plant.

When mining operations conclude, itis possible to remove
all above-ground facilities and remediate the site as close
as possible to its form before mining.

ISL mining produces a range of potential environmental risks
that are specific to this particular form of extraction. These
are discussed below. In South Australia, ISL activities are
presently undertaken in aquifers that have no human or
stock use because of their high natural salinity and radon
content (a natural breakdown product of uranium).’

POTENTIAL CONTAMINATION OF NON-TARGET
AQUIFERS

ISL mining requires the injection and extraction of a leaching
solution at pressure into the underlying target aquifer (see
Figure 2.4)** Itis necessary to manage the patential far

the migration of leaching solutions to areas outside the
designated extraction zone, such as underlying or overlying
aquifers. As part of this, the movement of fluids within a
target aquifer is modelled to enable the planning of the
rates and location of injection and extraction.
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The risk of migration is managed through constant monitoring
and modelling of underground movements aof leaching fluids.
This is done through a ring of nearby monitor wells, which are
installed beyond the mining zone.** Water samples are taken
regularly from these wells to allow for the early detection of
any unplanned migration of mining fluids.

In leaching the uranium, some solution is removed from the
extraction circuit to ensure that the target aquifer does not
become over-pressurised, as this could cause the solution
to migrate. The removed fluid, known as the ‘bleed;, is stored
as liquid waste awaiting disposal.

SOLID AND LIQUID WASTES

ISL mining produces both solid and liquid wastes. The liquid
wastes include the bleed solution and other salutions resulting
from the recovery of uranium at the processing plant. They
are saline, moderately acidic and contain some unrecovered
uranium. These liquid wastes are held in evaparation ponds to
reduce their volume before disposal into a designated aquifer,
in accordance with the approved RWMP.

The long-term impact of the injection and disposal of fluids
into an aquifer is presently understood to be mitigated

by the process of natural attenuation, which neutralises
contaminants in groundwater over time without the need
for further intervention.®” The process takes place due

to chemical interactions between the groundwater and
underlying geology.

ISL miners in South Australia plan to remediate post-
extraction groundwater at their operations through natural
attenuation.”® Where this occurs, the mechanisms and
rate at which the remediation will occur should be
supported by laboratory tests and maodelling.

Heathgate Resources, the operator of the Beverley

and Beverley North mines, is planning to undertake a
trial program of remediation by natural attenuation.

The trial would require demonstration before the post-
extraction stage in line with EPA approvals and, should
natural attenuation not be demonstrated to be occurring,
the company would be required to undertake alternative
measures to remediate the affected aquifers.®? At the
Beverley and Four Mile mines, there is evidence to suggest
that natural attenuation will take place over the long term
in accordance with the modelling to date.

ISL mines also produce salid low level radioactive wastes,
such as used equipment from processing and laboratory
activities. However, these wastes are produced in smaller
quantities at ISL operations than at underground mines. The
wastes are managed in purpose-built repasitaries that are
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regulated by the EPA and operated in accordance
with ARPANSA requirements.

RISKS FROM RADIOACTIVE MATERIALS

Heathgate Resources has an EPA-approved RMP,
which identifies the potential pathways through which
warkers could be exposed to radiation as radon decay
products, radioactive dust, gamma radiation and surface
contamination.®® Radiation protection measures include
the use of personal protective equipment and hygiene
practices.

Further, operational areas are monitored for the presence

of radioactive materials and workers are required to wear
thermoluminescent dosimeter badges, which measure their
external exposure to gamma radiation.”” Mine operators
calculate annual doses to workers and include this
information in an annual report to the EPA®® The data is also
provided to ARPANSA for inclusion in the ANRDR.

The Radium Hill mine was operated by the South Australian
Government from 1954 until November 19671. Uranium ore
was extracted and transported by rail to the Rare Earths
Treatment Plant at Port Pirie, also operated by the state
government. At the treatment plant, the ore concentrate was
processed into uranium oxide concentrate through an acid
leach and ion exchange process. The treatment plant ceased
uranium processing activities in 1962, although the site was
subsequently used for other commercial activities. The state
government continues to manage the sites of those facilities.

The activities on those sites were not planned, operated,
regulated or decommissioned in accaordance with current
practice, nor would they have been permitted under the
current regulatory framework. Typical of the conduct of
mining activities in that era, operations were primarily
focused on orderly production and without any evident
contemplation of environmental impacts.”” Risks to the
health of workers were considered, althaugh radiological
risks were not prioritised.

The lack of environmental consideration is demonstrated by
numerous characteristics of each site. In the case of Radium
Hill, crushed waste rock containing traces of radioactive

ore was used ta construct roads and other infrastructure.
Closure aof the site simply involved the remaval and sale

of plant”® The tailings dam, which was not an engineered



Figure 2.5: From left, the Radium Hill tailings dam in 1964; in 1980 before rehabilitation; and in 2015

Images on left courtesy of the Department of State Development

structure but was built using uncompacted tailings, was
not capped when the mine closed. As a result the wind
dispersed tailings into the surrounding landscape.”

In the 1980s the government capped the tailings dam at
Radium Hill; however, this was only a short-term solution to

the problem of dispersion. Figure 2.5 shows that subsequent

erosion is occurring and the tailings are being exposed,
although to a lesser extent than before they were capped.”
In future, it will be necessary ta increase the capping
thickness and reduce the angle of the dam walls to

stem erosion.”®

At the Port Pirie treatment plant, the tailings dams were
built on tidal mud flats, a sensitive marine environment,
and are uncapped. Although mitigated by levees, the risk
remains for further dispersion of radioactive materials and
metallic elements during flooding caused by king tides.””

The failure to consider the environment in the planning,
operating and decommissioning of these facilities has
resulted in ongoing management challenges. Although
subsequent assessments of both sites show they do not
pose a serious radiological risk to the health of visitors to
the sites’®, the state government is required to continue

to monitor and manage potential environmental
contamination. Environmental reports in relation to both
sites identify the need for longer-term management plans,
although these are yet to be completed.”®

These experiences have fed into today's regulatory
frameworks for mines, which are directed towards protecting
the enviranment using management and preventative
measures.

The current regulatory regime requires:

the enviranmental consequences of mining activities to
be addressed in the establishment and operation of mines
and associated facilities. The licensing process for new
mines requires comprehensive environmental impact
statements, involving associated investigation and

testing to ensure the risks are properly characterised

and can be appropriately managed®”

the remediation of mine sites as part of their planned
closure, to minimise ongoing risks to the environment.

To avoid environmental legacy issues and associsted
costs, the PEPR must be approved by regulators before
the mine starts operating and is regularly updated during
the life of the mine®
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Figure 2.6: Economically viable global uranium resources

Data supplied by the Department of State Development
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Figure 2.7: Uranium mines and mineral resources in South Australia

Map supplied by the Department of State Development
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The South Australian Government seeks financial assurances
in the form of bonds or bank guarantees from mining
companies and, in some cases, exploration companies to
cover the costs of enviranmental remediation should the
company not be able to do so adequately.”® DSD calculates
the value of the assurance based on its assessment of

the greatest amount of environmental disturbance that
could occur, and, depending on its level of confidence in the
assessment, may include a contingency.®” DSD engages
quantity surveyors to assist in accurately estimating the
cost of remediating each aspect of the project, and it may
review the estimate if operations change significantly.

The bond system was not standard practice when Olympic
Dam, the state's largest mining project, was established
thereby making it an exception. BHP Billiton has made an
internal financial provision to address estimated remediation
and closure costs for the mine.”® Any future expansion of
Olympic Dam would came under a new indenture that would
take account of the bond requirement; however, this would
not be implemented until 8 decision was made to proceed
with the expansion.

ARE THE ACTIVITIES FEASIBLE?

South Australia has approximately 25 per cent of the world's
known uranium resources, or about 80 per cent of Australia's
uranium resources (see Figure 2.6).

There are a range of well understood primary and secondary
uranium deposits in South Australia. Figure 2.7 shows the
identified deposits and their relative size.

Olympic Dam is the largest known uranium depasit in the
world.?? Itis a primary uranium deposit assaciated with
copper, iron oxide, gold, silver and rare earth elements, and
is hosted in the 1.5 billion-year-old Hiltaba Suite Granite.
Other primary deposits have been located in South
Australia, most recently at Carrapateena.

Primary uranium deposits are known to have formed through
hydrothermal systems or the movement of magmatic fluids
from deep within Earth's crust. These fluids moved under
pressure through the underlying geology, transporting
uranium and other minerals, and consolidated closer to the
surface.”® Experience from discoveries of deposits in other
mineral systems has shown that where one primary mineral
deposit is discovered, ather deposits of the same mineral
composition are likely ta exist. The process of formation also
can indicate the size of related deposits. A large primary
deposit may be associated with numerous smaller deposits.
This inference can be shown as a Zipf curve.”’ Figure 2.8
plots on a Zipf curve South Australia’s primary uranium
deposits. Based on these, there is likely to be a range

of undiscovered significant uranium deposits.

The potential for primary uranium deposits suggests

there are likely to be many secondary deposits, which

are formed within ancient river systems [paleochannels).

The uranium-enriched fluids that are derived from the erosion
of a primary deposit are transported by groundwater, where
they eventually accumulate due ta a change in water or rock
chemistry. Those depasits are localised and generally contain
small quantities of uranium.?® The uranium in the Frome
Embayment at Beverley is a secondary deposit hosted
within sandstone as a series of uranium roll-fronts, derived
through the weathering of the exposed uranium-enriched
rocks of the northern Flinders Ranges.

Exploration for uranium is similar to other minerals and is
conducted only when a number of conditions are satisfied.
An exploration company will carefully assess these
conditions before seeking an exploration licence.

A market for a mineral commodity must exist or be reasonably
likely to exist, although opportunities for uranium in particular
can be difficult to assess given the prevalence of long-term
contracts in that market.”” Access to investment is also
required before exploration activities start.”' Once an ore
body is identified, an exploration company will quantify that
deposit, including its mineral characterisation, location and
economic potential. '’ Specific aspects, such as recovery
costs, are also generally quantified in the business case

for exploring for a particular deposit.

NUCLEAR FUEL CYCLE ROYAL COMMISSION CHAPTER 2 17



2000

Year of uranium
deposit discovery
1970 - Mount Gee
1975 - Olympic Dam
2001 - Prominent Hill
2005 - Carrapateena

8
2 1500
c
o
2
o
=
E
2 1000
c
il
>
o
@
c
5
c 500
o
o

0

& © &
\(}Q’b @@Q V‘\&Q
K &
M @

. Uranium containing mineral resource

— Zipfcurve

Figure 2.8: Known uranium deposits containing mineral resources and reserves in South Australia

Data supplied by the Department of State Development

Consistent with other minerals, the successful development
of a uranium deposit requires access to supporting
infrastructure, such as roads, railways, airfields and ports,
and services, including electricity, water and gas.

In South Australia, minerals explorers are required by their
licence conditions to repart their exploration expenditure
to DSD. That information shows that uranium exploration
expenditure has decreased significantly in the past decade
from a high of $118 million (m) in 2007/08 to $2.3m in
2014/15 a 98 per cent reduction — see Figure 2.9. There
has been a decrease in expenditure of about 77 per cent
since 2012/13.

EXTENT AND THICKNESS OF COVER

In significant parts of South Australia, crystalline rock-
bearing minerals underlie a deep layer of sedimentary cover
(see Figure 210)."°° Depending on the depth of that cover,
the geochemistry of uranium and other minerals is abscured
and cannot be properly detected through remote-sensing
technigues. In some cases, the only way to accurately
understand the underlying geclogy is by drilling, which

only provides data for a small area. This poses a technical
challenge to identifying the locations of mineral-bearing
rock and, if discovered, to economically extracting the ore.

That challenge is recognised by government, industry and
academic institutions, with a range of strategies being
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developed to support an increase in exploration. A prominent
national strategy is UNCOVER, which seeks to promote

more collaboration and information sharing to address a
common set of key issues assaociated with extensive cover.
UNCOVER has led to the development of further policies,
including the National Mineral Exploration Strategy, by the
state and federal governments and the Industry Roadmap by
the exploration industry.’*® Although these palicies indicate
there is broad agreement as to what could be done to
overcome this barrier to exploration, and initiatives such as
South Australia's Plan for Accelerating Exploration (PACE]

are consistent with the identified priorities'®, the full benefits
of the implementation of UNCOVER are yet to be realised.

COST OF DRILLING ACTIVITIES

Exploration drilling programs are expensive: about

S500 /metre using diamond drilling methods.”" If the target
mineralisation were hosted in crystalline basement geclogy
(see Figure 2.10) overlain by barren sedimentary rock,

the cost ta drill down to the uranium-bearing minerals
would be significant

The Adelaide-based Deep Exploration Technalogies
Cooperative Research Centre (DET CRC) is conducting
research into lowering the cost of exploration drilling

and acquiring data.” This has led to the development

of the Coiled Tubing Drilling Rig for mineral exploration,
complemented by the Lab-At-Rig® continuous geachemical
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Figure 2.9: South Australian uranium exploration, 1999/2000 to 2014/15

Data supplied by the Department of State Development

testing attachment.”* These innovations are designed

to facilitate better characterisation of the geophysics

and geochemistry of the geology being drilled, assisting
geologists to tailor drilling strategies for greater efficiency.

LOW PROBABILITY OF SUCCESS IN DRILLING
AT GREENFIELD LOCATIONS

Exploration companies target regions of known

mineral potential (brownfield exploration) to increase

the likelihood of discovering an economic mineral deposit
(see Figure 211).

There is greater risk associated with exploration in
greenfield locations, which have not been surveyed before.
When combined with the high cost of exploration, this lower
probability of success makes greenfield exploration less
attractive. To offset risk, greenfield exploration requires
technical skill and knowledge of the target mineralisation.
This involves interpretation of high-resolution geoscientific
data and experience in locating mineral deposits.

In addition to the expense associated with drilling, these issues
have led to a paucity of drilling data across large areas of South
Australia”” An example is the Pandurra Formation (extending
from Whyalla towards Coober Pedy in central South Australia),
which is considered prospective for uranium. It is estimated
that only 27 holes penetrating the basement geology have
been drilled within a 40 000 square kilometre area.
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Figure 2.10: Depth to crystalline basement in South Australia

Map supplied by the Department of State Development

NUCLEAR FUEL CYCLE ROYAL COMMISSION CHAPTER 2 19



0 100

Depth to crystalline
basement below surface (m)
wom O (sealevel)

- -3906.84

Foa.

707-004b

Mount Gambier ©/

DSD 2047

Figure 2.11: Drill core locations and measured depth to crystalline
basement in South Australia

Map supplied by the Department of State Development

Figure 211 shows the drilling locations in South Australia
and demonstrates that large parts of the state are
under-explored, with no drilling or only shallow drilling.

LACK OF WIDESPREAD APPLICATION
OF NEW SENSING TECHNOLOGY

Geophysical surveying of Sauth Australis has been conducted
on a wide scale by the South Australian Government and
other research organisations, including the collection of
magnetic, radiometric and gravity data."® This data provides a
general characterisation of the state's surface geology (to a
depth of about 30 cm) and, to a lesser extent, the underlying
geological structures.”” Exploration companies and research
organisations conduct geophysical surveys on a finer scale
directly on the Earth's surface using methods such as
‘magnetotellurics; a technique that measures electrical and
magnetic fields to understand geophysical structures.

The larger the range of the geophysical survey, the larger

the resolution, so a detailed survey is required to identify
subtle geological features. Geophysical surveying on a detailed
scale is not used often, as itis costly to commission.®? This
has led to gaps in the high-resolution geascientific data sets
available for some parts of the state.
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THE NEED TO ENHANCE THE STATE'S
HIGH-RESOLUTION GEOSCIENTIFIC DATASET

Extensive geoscientific data has been collected throughout
the state, which can assist in identifying areas with mineral
potential. The data is consolidated in the South Australian
Resource Information Geoserver, a public electronic database
administered by the state government, which comprises

data contributed by past exploration companies, research
organisations and its own surveys. Despite there being gaps
in the overall coverage of the state, this comprehensive
dataset is high quality and is internationally well-regarded.

However, there is potential to further enhance the utility

of this dataset to explorers. In practice, each geophysical
technigue is employed independently and pravides
infarmation about a specific geophysical aspect, whereas the
characteristics of many aspects are relevant to a commercial
decision to investigate an area’'s mineral potential.

To that end, combining the different aspects of the dataset
into a single comprehensive framework would further
enhance the system and its potential to deliver benefits.
Although this would present challenges™®, ongoing
technological developments associated with the collection
of geophysical data, including cheaper instrumentation
and higher data storage and processing capacity'“®, make
integration more feasible. Given that the South Australian
Government already maintains a substantial central
repository for geoscientific data obtained by other entities,
it is logical that it would take a leading role in both integrating
the data and making it accessible to the public.

PACE was devised to support increased exploration
investment in greenfield drilling activities. Through the
program, the state gavernment offers a financial contribution
to an explorer to assist in meeting the costs of drilling
activities. In return, the explarer provides the geological
samples collected during drilling to the government for
consolidation in the Drill Core Reference Library, which
promotes greater understanding of areas where little
exploration has occurred in the past.

This co-investment strategy has underpinned an additional
$700m in private mineral exploration investment over 10
years and has increased South Australian mining revenue
by $2400m." It also contributed to the significant



discoveries of the Carrapateens, Four Mile and Prominent
Hill deposits.” Although optimistic economic circumstances
and encouragement from other discoveries also impact
significantly on increased exploration expenditure in South
Australig, it is evident that PACE made a strong contribution
in supporting that growth.™" In November 2015, the South
Australian Government invested a further $20m in a new
two-year cycle of PACE, known as PACE Copper, which
provides financial support for greenfield drilling activities.

These outcomes show that the mineral exploration industry is
better placed to take advantage of upward trends in the markets
for their targeted commodities when they invest in projects
during less favourable ecanomic conditions. It is ideal for
government to support that investment on a ‘counter-cyclical’
basis, that is, at a time when overall exploration expenditure is
low.”? Such a strategy could alleviate some of the challenges
associated with developing viable mining aperations that are
discussed in this chapter, namely the significant length of
time required to establish a mine. Therefore, it is necessary

to consider the means by which support for greenfield drilling
projects can be sustained aver the longer term.

IN WHAT CIRCUMSTANCES ARE
THE ACTIVITIES VIABLE?

The average price of South Australian uranium (U,0,)
during the past decade has been about $70 a kilogram (kg)
(see Figure 2.12), although it recently increased.

The current price of about $80 per Kg is considered too
low by some companies to develop or operate a8 mine.

Exploration for any new mineral deposit is high-risk and
success is limited.*® Globally, there have been fewer than
10 newly identified greenfield resources far uranium in the
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past decade.” There is also considerable risk in converting
a deposit into a mine."** As well as investment hurdles,
there can be technical difficulties with the mineralogy and
dispersion of the ore in the deposit.*° Deposits are often
deep, requiring underground infrastructure to be built to
access the deposit, increasing the time to extraction.
take up to 20 years from discovery to extraction for
large-scale mines.

[t can

Navigating state and federal government processes to

obtain new uranium mine approvals in South Australia

and other Australian jurisdictions can take a long time.

For example, it has taken Toro Energy more than 10 years

o be in a position to develop the uranium deposit at Wiluna

in Western Australia."** Proposals require long-term, detailed
scientific and engineering investigation and analysis in the
form of an environmental impact statement, which can take
considerable time and expense to callate.* In some instances,
the commodity market for uranium has decreased to the extent
that a mine considered financially viable at the outset of the
process is No longer viable by the time it is approved.

Approvals for new mines are usually handled exclusively

by the relevant state or territory government. However,
because federal legislation (the Environment Protection
and Biodiversity Conservation Act 1999) refers to uranium
mining as a ‘nuclear action"*", there is a requirement for
Australian Government approval before a licence is granted.
Whether any added environmental benefit flows from

this duplication in process has been questioned by
numMerous organisations.

Federal and state governments have sought to address
these issues through administrative arrangements that
establish agreed criteria sufficient to meet the requirements
of both levels of government. An ‘assessments bilateral

has been agreed that specifies the requirements for
assessing the environmental impacts of new mines, such

) ©) QO N
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Figure 2.12: Average prices of South Australian uranium, 1999/2000 to 2014/2015
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that proponents need to meet one set of criteria rather than
two.“® A bilateral arrangement relating to approvals, through
which an approval by the state could be used as the basis
for an Australian Government approval, is being negotiated
between the federal and South Australian governments.

Even if the administration of the processes could be
coordinated, they remain separate, have different timeframes
and may still require different information—despite their
common purpose. These parallel processes can result in
differing conditions being imposed on the same activity, or
duplicated conditions, which effectively require the same
studies to be undertaken twice to demonstrate compliance.
This has increased the anticipated costs of, and timeframes
required for, regulatory approval for new uranium mines.

The international uranium market is currently oversupplied
with uranium.™' This has changed the way in which suppliers
and customers have traditionally transacted, as customers
move to purchase uranium on the spot market rather than
entering inta long-term contracts.* It is unlikely that
demand will increase, with a corresponding price rise,

until at least 20718."** The patential for a future increase

is contingent on several factors, including the extent to
which Japan restarts its nuclear reactors following the
Fukushima Daiichi nuclear accident and China's decisions
as to its sources of uranium.

Uranium is produced either alone or, as is the case at Olympic
Dam, as a by-product during the recovery of other minerals.
The uranium price has minimal impact on the production of
uranium at Olympic Dam, as the mine's principal source of
revenue is copper, to which uranium production is tied.

BHP Billiton’s decision in 20712 to postpone a planned
expansion of Olympic Dam and investigate less capital-
intensive designs was principally related to activity in the
global copper market, not uranium.

Mines using the ISL technigue have been established at

four locations in South Australia: Beverley, Beverley North,
Four Mile and Honeymoon. Although these mines produce
uranium exclusively, Four Mile is the only operation that is
currently extracting uranium.”® The Beverley wellfields are
currently under care and maintenance. At Beverley North,
the Pepegoona satellite plant is offline pending infrastructure
modifications aimed at increasing future production.
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Uranium recovered at Four Mile is pumped to the Pannikin
satellite plant at Beverley North, before being transported
to the Beverley plant for further processing.”*® Operations
at the Honeymoon ISL mine were suspended in 2013 due
to high production costs and ongoing difficulties in
achieving design capacity.

Outside South Australia, the Ranger mine in the Northern
Territory has been operational since 19871, but in recent years
has decreased its production of uranium, as it has shifted from
direct ore extraction to processing stockpiled ore."®? Production
in 2014 was 1165 tonnes (t) uranium oxide concentrate (UOC)
due to an incident at the mine in December 2013."%% In 2015

it rose to 2005 "% Plans to develop an underground mine

on the Ranger Project Area have been suspended, with the
owner citing the current operating environment and the end, in
2021, of its mining authority as reasons.’® If a final investment
decision is made to develop the Wiluna deposit in Western
Australia, the mine is predicted to produce 6385 t of uranium

a year.*® Mines at the Kintyre and Yeelirrie deposits, alsa in
Western Australig, are planned, although final investment
decisions are yet to be taken.

Saouth Australian uranium production in 2014/715 was valued
at about $346.5m (see Figure 2.13). Average production of
UOC during the past decade was 4438 t per year,

with an average annual value of about $3271m."** Since
2012/13, production volumes have decreased by 17 per cent,
with a correspanding decrease in royalties payable to the
state government from $17.8m to $15.9m in 2014/15.

In 2014/15, Olympic Dam produced 3144 t UOC and Four
Mile produced S22 t.7° Increasing the state’s uranium output
beyond current levels would require bringing the mines
presently under care and maintenance back into praduction.

However, significant increases in production levels could only
be achieved through substantial investment in new capacity.
A new ISL mine could be established more quickly than an
underground or open-cut mine, although as production
levels from South Australian ISL mines indicate, its impact

on overall production would not be as substantial.

BHP Billiton is currently investigating the benefits of
incorporating another uranium ore processing method, heap
leaching, into its processing flow at Olympic Dam.
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Figure 2.13: South Australian uranium production, 1999/2000 to 2014/15

Data supplied by the Department of State Development

This method involves treating the mined ore with an acid
solution aver about a year so that uranium and some copper
may be extracted more efficiently during later stages of

the process.”? While uranium ore could be processed more
efficiently if these trials prove successful, it is unclear whether
this would have any impact on a decision ta increase output

20. Uranium production has produced benefits to the
South Australian economy, and will continue to do so.

21.  Anexpansion of uranium production would add
value to the economy, but expectations should be
tempered. Even were production to increase to meet
very optimistic demand forecasts prompted by strong
climate action policies, the value of production over
the long term and associated royalties are relatively
small in terms of the state’s total revenues.

South Australian uranium production has, considering its
aggregate value over the past 15 years, made a substantial
economic contribution: see Figure 2.13. In 2014/15, South
Australia’s uranium exparts met about 4.5 per cent of global
demand.”” This is the lowest level since 2010/11."#

Itis difficult to predict long-term uranium demand given its
dependence on a variety of factors, including the structure
of global policy measures to reduce greenhouse gas
emissions and the extent to which nuclear energy plays

a part in those measures. However, should there be a
significant increase in global demand for nuclear energy,

the contribution that uranium production could potentially
make to future prasperity in South Australia can be placed
in some context.

The International Energy Agency (IEA), in anticipation of the
2015 United Nations Climate Change Conference in Paris,
released farecasts on future electricity demand and the
potential growth of low-carbon energy sources if action is
taken to address greenhouse gas emissions and to limit
global average temperature to ‘well below 2 °C" above
pre-industrial levels. The scenario developed by the IEA
assumes that nuclear capacity will be expanded substantially
by 2030, resulting in additional capacity of 274 gigawatt
electrical (GWe)”* It also estimated that installed capacity
could be between 520 GWe and 837 GWe in 2040."7°

If this scenario were to be realised, global demand for UOC
would be expected to be about 130 kilotonnes (kt) in 2030
and about 170 ktin 2040."77 If South Australia were to
maintain its current share of the global uranium market, and
assuming that production capacity could be expanded, its
UOC production would increase to about 67100 t of uranium
by 2030 and about 7700 t by 2040."7%

If that expansion were ta accur, and the UOC price were to
increase and stabilise at about $128 per kg in 2030 and
beyond, the total revenue from South Australia uranium

sales would be about $770m in 2030 and about $380m

in 2040."7° At current rates, the South Australian Government
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would receive royalties of $40m in 2030 and $50m in
2040."%° To place these values in context, the total mineral
and petroleum royalty received in 2014 was $237.5m."

Therefore, the increased royalties that would flow from
greater uranium production, even at very optimistic
levels, would not have a significant impact on South
Australia’s economy.

Other views have been expressed about the economic
potential that increased uranium production might offer

to the Australian economy, including what would occur

if Australian producers were to capture a greater share of
an expanding world market for uranium.’** The economic
benefits described waould be significant if they were
realised. However, it is important to place those projections
in context. Ta realise the potential benefits would require
both substantial investment to expand praduction capacity
well beyond present levels by 2040, as well as substantial
increases in installed nuclear capacity internationally.

The situation would be different if South Australia were to
take further steps in processing uranium into fuel for nuclear
reactors. The value that can be derived from those activities
is higher than that associated with uranium exports. The
potential viability of facilities undertaking those activities is
addressed in Chapter 3: Further processing and manufacture.

22. Energy generation technologies that use thorium
as a fuel component are not commercial and are
not expected to be in the foreseeable future.
Further, with the low price of uranium and its broad
acceptance as the fuel source for the most dominant
type of nuclear reactor, there is no commercial
incentive to develop thorium as a fuel. Although
South Australia possesses numerous thorium
deposits, it does not have a competitive advantage
in that resource as it does with uranium.

Thorium is comman in the earth’s crust (about three ta

five times more abundant than uranium) and is principally
associated with monazite, a by-product of heavy mineral
sands mining.”®® There is a mineral sands mine near Ceduna
in South Australia. However, operations at that mine were
suspended in February 20716 due to market conditions.’*

The identified global thorium resource is estimated at about
6212 kt'** of which Australia’s total proven tharium reserve
is approximately 5395 kt.'*® Thorium is not currently mined
in Australia.”®’

The long-term outlook for the thorium market will be tied to
developing a technology that can consume thorium as a
fuel in nuclear reactars.” No commercial nuclear fuels
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based on, or containing, thorium are currently available™?,
although some prototype reactars exist, and organisations
in Canada, China, India and Norway are undertaking
research.”® Despite research efforts aimed at developing
thorium into a viable nuclear fuel, it is unlikely to be used in
commercial nuclear activities in the foreseeable future.”’

Even if thorium-bearing fuels were developed for commercial
use, the quantity of thorium required in a fuel source would
be much less than the quantity of uranium required to
produce the same amaunt of energy.'®* This being so, there
is unlikely to be significant increased demand for thorium
and no appreciable increase in investment in extraction
operations.
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