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ARRC is a leading research facility for the minerals and energy industries. A strategic alliance 
between CSIRO, the WA State Government and Curtin University. ARRC is a hub where 
scientists can interact, exchange information and explore new ideas in partnership with 
industry, universities, government and the community to ensure the ongoing sustainability of 
our resources industries, our environment and our way of life.

Developed in conjunction with industry, ARRC was established to enhance petroleum and 
mining exploration, extraction research and development as well as respond to changing 
industry requirements through innovative research.

Since its inception in 2001, the centre has grown its capabilities and provides a strong 
foundation for the development of a National Resource Sciences Precinct with 
collaborations that have significantly contributed to positioning Australia as an international 
leader in this field.
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Foreword 

The Hon Norman Moore MLC
WA Minister for Mines and Petroleum

The famous science fiction writer Arthur C. Clarke 
once said that any sufficiently advanced technology is 
indistinguishable from magic.

If the earliest computer scientists could walk into the 
Pawsey Centre in Kensington today they would look 
at the petascale supercomputer called Magnus and see 
magic in action.

The latest-generation Cray XC30 system, capable 
of performing one quadrillion (one million billion) 
calculations every second, highlights the outstanding 
success of one of the Australian Resources Research 
Centre’s (ARRC) key major projects.

Scientists around the world are also focusing on the 
Western Australian-based National Geosequestration 
Laboratory (NGL) as it moves steadily towards 
cementing its position as one of the world’s leading 
research providers in the field of carbon storage.

The NGL is a collaboration between CSIRO, 
The University of Western Australia (UWA) and Curtin 
University that provides support and leadership to 
partners in the South West Hub Project, an initiative that 
promises to reduce carbon dioxide (CO2) emissions by 
30 per cent in the South West. As one of those partners, 
the Department of Mines and Petroleum (DMP) has a 
keen interest in the project’s next phase, a 3D seismic 
survey planned for early 2014.

Another initiative of great interest to the DMP is CSIRO’s 
involvement in the International Energy Agency’s (IEA) 
Gas and Oil Technology Implementation Agreement. 
Through this, CSIRO will be part of the ‘big picture’ 
in predicting and analysing future trends in oil and gas 
technology developments, particularly the unconventional 
gas revolution which is enabling a transition to less 
carbon-intensive fuels.
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In November last year, the Explorer of the Year Award 
generated a great deal of interest for the DMP when 
the Centre of Excellence for 3D Mineral Mapping was 
honoured for developing the largest satellite-derived 
geosciences map, the Advanced Spaceborne Thermal 
Emissions and Reflection (ASTER) Mineral Map 
of Australia.

It was a fitting end to 20 years of research that involved 
collaboration with many prestigious scientific institutions, 
such as NASA, the US Geological Survey, Japan Space 
Systems and CSIRO.

As with all these notable examples in the ARRC’s 
Industry and Research Report for 2013, technological 
excellence is the driving force behind achievements that 
help our resources industry prosper and grow.

What is good for the industry is good for Western 
Australia, so I am pleased to note that our resources 
sector has notched up its third consecutive year in 
which its value has topped $100 billion. The $102 billion 
valuation in 2012–13 is the third highest on record. 
The Australian dollar’s drop below parity since May this 
year may have played a part in this success story, but the 
overall value of commodity sales was maintained by an 
increase in quantities sold.

Iron ore and gold once again provided the lion’s share 
($65.3 billion, or 84 per cent) of all mineral sales in 
2012–13. The petroleum sector, which includes crude oil, 
condensate, liquefied natural gas (LNG), natural gas and 
liquid petroleum gas (LPG: butane and propane) was up 
2.9 per cent on the previous financial year, recording a 
total value of $24.5 billion.

The fact that mineral and petroleum exports made up 
89 per cent of the State’s total merchandise exports 
underscores the continuing dominance of Western 
Australia’s resources sector at a national level. Our 
State’s share of Australia’s total merchandise exports last 
financial year was 47 per cent, a prodigious contribution 
to the nation’s wealth.

Australian Bureau of Statistics (ABS) figures show 
investment in Western Australia rose to a record $48 
billion (7 per cent up on the previous financial period) 
in 2012–13, a comforting statistic as we enter a period 
where major projects are nearing completion and some 
mining companies are re-evaluating their investment 
positions.

All these statistics add up to more than a reassuring 
bottom line for the resources sector; they are also 
a testament to the pivotal role technology plays in 
advancing our State.

As mineral treasure is unearthed, jobs are created and 
income streams are generated that benefit us all in 
Western Australia.

I congratulate the ARRC staff for continuing to foster 
world-class research that drives our minerals and energy 
industries, and I look forward to more exciting and 
valuable contributions in the years to come.
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Chairman’s Report

David Agostini
Chairman, ARRC Advisory Committee

One of the major objectives of the original government 
investment in ARRC was to promote effective 
collaboration within the research community in Western 
Australia. The major institutions conducting research 
in the resources field in this State are now working 
together in an unprecedented way. One example of this 
collaboration is the work carried out by iVEC. Another 
is the Western Australian Energy Research Alliance 
(WA:ERA) joint venture, which this year celebrated 
the 10th anniversary of its very successful partnership 
between CSIRO, UWA, and Curtin University. This 
decade old collaboration was a major factor in bringing 
the National Geosequestration Laboratory (NGL) to 
Western Australia, the majority of which is now located 
at ARRC. As its first project, the NGL will focus on 
establishing in the Harvey area of Western Australia 
the practicality of safely and viably sequestering CO2 in 
geological strata. In a carbon-constrained world this could 
be an important initiative for industry in the South West 
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of Western Australia. The NGL will later pursue similar 
research more widely.

Members of the Curtin geosciences faculty have been 
operating out of ARRC already for some years. More 
recently UWA has relocated key staff from its Centre 
for Exploration Targeting to ARRC, and in addition, 
its Gas Processing team. The strong relationships 
developed between these WA:ERA partners have 
laid the groundwork for new joint research ventures, 
with work underway to establish a National Resource 
Sciences Precinct based in Perth. The same partners 
are also establishing a new Advanced Resource 
Characterisation Facility with a grant of $12.4 million 
from the Science and Industry Endowment Fund (SIEF).

A further objective of the original investment in ARRC 
was to create a centre around which a strong and 
growing research community would develop. There 
is clear evidence that this is materialising. The Square 
Kilometre Array (SKA), in which Western Australia 
plays a major role, required access to computational 
capacity that did not previously exist in this State. An 
extension of ARRC was chosen as the logical place 
to locate the Pawsey Centre, which will house the 
supercomputer required to support the SKA. This 
brings considerable additional benefit to the resource 
research effort centred at ARRC. Access to such high 

level computing capacity will allow resource research 
projects to go forward that would otherwise have been 
impractical. 

The supercomputer brought with it a requirement for 
considerable energy consumption at ARRC in order to 
cool the computer. This triggered the establishment of a 
geothermal cooling project using an aquifer as the heat 
sink and using six purpose-drilled wells on the ARRC site 
to provide the water production and reinjection capacity. 
This new initiative will save considerable electrical power 
and provide an opportunity to learn more about the 
shallow Mullaloo aquifer in Perth. 

The well-established centres at ARRC, along with the 
many new initiatives under development, validate the 
vision on which this facility was founded. There exists 
considerable opportunity for Western Australia to lead 
the world in resources technology. The scientific pursuits 
currently underway at ARRC will be a major contribution 
to establishing this leadership. 
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Major Projects/Highlights
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Pawsey Centre 
First announced in May 2009 by the Australian 
Government as part of the Super Science Initiative, and 
financed from the Education Investment Fund (EIF), 
the $80 million Pawsey Centre came of age with its 
operational launch in November this year. Officially 
launched by Premier Colin Barnett, the more than 200 
attendees included dignitaries such as the member for 
Swan, Steve Irons MP; Mal Bryce AO; Professor Lyn 
Beazley, Chief Scientist of Western Australia; and Dr 
Megan Clark, Chief Executive of CSIRO.

The Pawsey Centre, a joint venture between CSIRO, 
Western Australia’s four public universities and the 
State and Federal Governments, is managed by iVEC. 
Its operational launch represents a critical mass of 
supercomputing infrastructure and expertise, and signals 
that Australian high-performance computing is ready 
and able to support scientific research and innovation at 
a truly international level. The Pawsey Centre supports 
the priority research areas of radioastronomy and the 
geosciences, as well as other high-end data-intensive 
science. It is already processing data from Square 

Kilometre Array (SKA) precursor projects and will 
continue to demonstrate that Australia is capable and 
ready to co-host the SKA.

Following the completion of the building in May, five new 
systems were installed in the state-of-the-art Centre: 
Phase 1 of the Magnus petascale supercomputer (a latest-
generation Cray XC30 system), the Real Time Computer 
system (dedicated to radioastronomy), a hierarchical 
storage management system with over 40 petabytes of 
data storage, a Research Data Storage Infrastructure 
Collection Development Node, and pre- and post-
processing Data Analysis Engines. Fibre optic high-speed 
networks link the Centre with researchers across 
Australia and internationally, and the entire system has 
been made available to the research community on time, 
and on budget.

Phase 2 of the Centre will see the Magnus 
supercomputer expanded beyond the petascale barrier 
and the data storage capacity doubled, potentially making 
the Pawsey Centre the largest computer in Australia by 
June 2014.

Images courtesy Woodhead
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Groundwater Cooling Project complete
The Pawsey Centre generated a number of ‘firsts’ when 
it became operational this year, including switching on 
Australia’s first large-scale groundwater cooling system. 
Supercomputers use large amounts of electrical power, 
almost all of which is turned into heat and requires 
cooling. Modern supercomputer design now allows the 
use of water at ambient temperature for cooling, as 
opposed to chilled water, and this has recently made 
groundwater cooling options attractive for large-scale 
computing applications.

The system works by pumping water with an ambient 
temperature of around 21°C from the Mullaloo aquifer 
beneath the ARRC facility (at a depth of around 100 m) 
through an above-ground heat exchanger to cool the 
supercomputer, then reinjecting the heated water back 
into the same aquifer, slightly downstream, with no net 
loss of groundwater.  

As part of the Sustainable Energy for the Square 
Kilometre Array (SESKA) project supported through the 
Federal Government’s EIF, the majority of the drilling for 
the production system occurred this year. Two extraction 
wells, four injection wells (two reinjecting the cool water 
and two injecting the warmed water) and nine monitoring 
wells were completed, along with the pumping and heat 
exchange installations. The system became operational 
in early November, and is now effectively cooling the 
Pawsey Centre supercomputer.

Both live and historical data can be downloaded from 
the production and monitoring wells to track the 
system’s performance. Water savings (compared to the 
use of conventional cooling towers) are estimated at 
approximately 38 million litres of water every year.  

The environmentally friendly system is reliable regardless 
of weather conditions, has negligible water wastage, and 
low visual and noise impacts. The heated water reinjected, 
at a maximum of 30 °C, is naturally dissipated into the 
aquifer. The distance between wells, water flow rate and 
temperature difference are key design parameters, and 
CSIRO investigations have indicated that the system will 
create negligible impacts on the aquifer or neighbouring 
environments. Any downstream variations will be 
examined as part of an ongoing monitoring program.

The power required to run the groundwater cooling 
pumps is offset by an array of solar panels on the roof of 
the Pawsey Centre, making the supercomputer one of 
the most sustainable on the planet.  

Key outcomes of the project were the educational and 
research components of the groundwater cooling system, 
including a website with the live and historical operational 
data available to researchers, students and the general 
public. Interactive signage including touch screens and 
animated videos explaining the project at both the ARRC 
building and the Pawsey Centre have also been installed.

National Geosequestration Laboratory
The National Geosequestration Laboratory (NGL) was 
officially launched in September 2012. The NGL is tasked 
with research required to develop commercial-scale 
carbon capture and storage (CCS) in Australia, and will 
play a critical role in our efforts to reduce Australia’s 
greenhouse gas emissions.

The primary research focus of the NGL is to determine 
the viability and safety of large-scale geological storage 
of carbon dioxide (CO2) – a process that involves 
injecting CO2 deep underground and trapping it in 
geological structures such as saline aquifers. This research 
will pave the way for the design and implementation 
of commercial-scale CO2 storage programs, such as 
Western Australia’s South West Hub CCS Flagship 
project in the shires of Waroona and Harvey. 

The NGL is supported by $48.4 million in funding from 
the Australian Government through the EIF. The NGL 
is a collaboration between CSIRO, The University of 
Western Australia (UWA) and Curtin University. It 
complements and builds on the successes of the Western 
Australian Energy Research Alliance (WA:ERA) joint 
venture between CSIRO, Curtin and UWA. In addition, 
the NGL has developed a partnership with the Western 
Australian Department of Mines and Petroleum (DMP), 
which is leading the pre-competitive data acquisition 
phase of the South West Hub Flagship project.

The funding allows for the design and refurbishment 
of a series of laboratories at ARRC, as well as the 
construction of a customised CO2 gas processing research 
facility at UWA. Both building projects are well underway 
with completion anticipated by mid-2014. The NGL is also 
building significant capability through investing in specialist 
scientific laboratory and field equipment.

Specific equipment acquired to date includes 
environmental monitoring equipment (soil, atmospheric 
and water) to enable CO2 monitoring and verification 
in field deployment; vibro-seismic vehicles used to 
conduct seismic surveys; analytical chemistry equipment 
such as gas chromatographs and mass spectrometers; 
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a micro-computer tomography 
laboratory, to allow measurement 
of multi-phase flow through 
storage rocks at sub-micron 
resolution in three dimensions 
(3D) at high temperature and 
pressure; and a sensors and tracers 
laboratory with equipment used 
in conjunction with specialised 
pressure vessels to increase 
our capability in modelling and 
monitoring supercritical CO2 
under pressure. 

Large acquisitions in the planning 
and design phase for 2014 and 2015 
include geophysical logging trucks 
to deploy down-hole petrophysical 
tools; custom-built geochemical reactors designed to 
simulate chemical reactions at subsurface conditions; 
core flooding pressure cells to investigate the behaviour 
of rock pores containing supercritical CO2; autonomous 
and true triaxial cells to investigate rock properties and 
behaviour under subsurface stress conditions in the 
presence of supercritical CO2, and to identify the effects 
of high horizontal stress changes during CO2 injection; 
3D visualisation laboratories for advanced information 
analysis and visualisation of geological models; assemblies 
to deploy specialist monitoring and experimental 
equipment down-hole on site; in situ field laboratories to 
support field trials and injection monitoring; a training and 
calibration ‘test well’ at Curtin; and specialist equipment 
for UWA’s new CO2 gas processing research facility.

Planning for the research program is also well underway, 
with a major theme of site characterisation encompassing 
CO2 storage capacity, injectivity rates and containment 
security (working out how much CO2 can be put 
into a geological formation, how fast it can be put in, 
and whether it is likely to stay there). Other research 
themes will cover monitoring and verification (long 
term measurements to track the movement of CO2 
underground), transport and processing (CO2 behaviour 
in pipelines between capture facilities and storage 
facilities), and societal research and outreach, given that 
geosequestration is still publically perceived as a relatively 
new approach to reducing CO2 emissions.

Given the significant ramp-up in activity since its launch 
in September 2012, the NGL aims to be a leader in active 
carbon storage research, thanks to the new facilities, by 
the end of 2015.

Vibroseismic trucks creating seismic events to 
“see” subsurface geological structure

Long Term Chamber
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Advanced Resource 
Characterisation Facility 
The first major facility being developed under the 
auspices of the National Resource Sciences Precinct 
(NRSP) was announced by the then Federal Science 
Minister, Senator the Hon. Kim Carr, in August. A 
$12.4 million grant, as part of the Science and Industry 
Endowment Fund (SIEF), has been dedicated to establish 
a new Advanced Resource Characterisation Facility 
(ARCF) in Perth. Building on existing infrastructure, the 
ARCF will draw together state-of-the-art equipment 
for geoscience and resource characterisation between 
the NRSP’s foundation partners, CSIRO, Curtin 
University and UWA, and establish three new world-
class instruments to provide a global hub for ‘metre-to-
atomic-scale’ analyses of rock cores. The total project 
value (including the SIEF grant) invested by the partners 
is $37.8 million over five years.

The new equipment includes a Maia Mapper (for 
core-scale chemical mapping) at ARRC, a nanoSIMS 
(secondary ion mass spectrometer, for sub-
micron elemental and isotopic mapping) at UWA 
and a geoscience atom probe (for sub-nanoscale 
characterisation and geochronology) at Curtin University. 
Combined with the partners’ existing facilities, and 
data processing and integration made possible by the 
Pawsey Centre supercomputer, the ARCF will provide a 
multiscale approach to the characterisation of geological 
materials unmatched anywhere in the world.

The nanoSIMS and geoscience atom probe are existing 
(albeit rare) commercial instruments, and should be 
delivered, installed and commissioned within three 
years. In contrast the Maia Mapper, an x-ray microprobe 
elemental imaging system developed by CSIRO and 

Brookhaven National Laboratory, currently exists as a 
prototype model. It uses the Australian Synchrotron’s 
x-ray fluorescence microprobe beamline to produce high 
definition, quantitative elemental images with microscopic 
detail in real time. CSIRO will be adapting the detector 
technology to a laboratory-scale x-ray source over the 
next three years, creating a routine-use instrument 
for high resolution x-ray microprobe imaging. Once 
operational, the laboratory-scale Maia Mapper will be 
able to create nanoscale elemental maps of a 2 × 1 cm 
rock sample in about six hours, providing enormous 
increases in sensitivity, detection limit and spatial 
resolution over conventional systems.

In bringing a unique and world-leading suite of 
characterisation facilities together, the ARCF will develop 
a collaborative and workflow approach to sample 
characterisation, allowing geoscientists to investigate 
drill core samples down to the atomic scale, without 
losing contextual information in the process. The facility 
will provide routine, multi-scale element mapping of 
large samples, through to atomic scale geochronology, 
integrated with compositional and textural information. 
Since complexity is inherent in drill core samples, with 
diverse structures and textures related to deposition and 
mineralogical variation at multiple scales, this ability will 
allow the true determination of the timing of fluid flow, 
fluid–rock interaction, metal deposition and reservoir 
diagenesis, within a complete geological context.

The richness of this information will further our 
understanding of the processes by which materials are 
transported and precipitated in geological systems, with 
fundamental implications for the mineral and petroleum 
exploration, mining and processing operations of 
the future.

Maia Mapper

Example of a Maia Mapper x-ray image
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Visitors
A range of local and interstate visitors came to ARRC 
over the course of the year, each with the potential 
to extend and broaden the range and impact of 
collaborative activities undertaken by ARRC’s research 
partners.

The Mayor of the City of South Perth, Ms Sue Doherty, 
several Councillors and senior City staff visited ARRC 
for a presentation of CSIRO’s work and a tour of ARRC 
facilities in May. 

US Ambassador Jeffrey Bleich and US Consul General 
Aleisha Woodward visited the Pawsey Centre in June, 
and were given a tour of the facility by iVEC Executive 

The US visitors at the Pawsey Centre

Director Dr Neil Stringfellow and Dr Tom Hatton, Group 
Executive Energy CSIRO. There has been significant 
involvement by a number of US companies in the 
development of the Pawsey Centre supercomputing 
system, with several US staff involved in its installation 
and commissioning. The Ambassador was interested 
in the Centre’s role in promoting cutting-edge science, 
and in building further links with US companies and 
research institutions. Other dignitaries included the Hon. 
Donna Faragher, Parliamentary Secretary to the Premier; 
Professor Lyn Beazley, Chief Scientist of Western 
Australia; and Tim Wellington, Senior Policy Advisor to 
the Office of the Premier. 
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After touring the ARRC facilities and the Pawsey Centre, 
they also visited the Australian Minerals Research Centre 
at CSIRO’s Waterford site for further discussions.

In August a group from Austrade Peru visited to better 
understand the range of activities underway at ARRC and 
how they relate to the CSIRO Chile Centre of Excellence, 
with the aim of improving links between the mining 
equipment, technology and services sectors in both 
countries. 

Former Prime Minister Kevin Rudd was accompanied by 
Kim Carr and Gary Gray, former Ministers for Industry 
and Innovation, and Resources and Energy respectively, 
on a visit to ARRC in August. In addition to inspecting 
the rock mechanics laboratory with the former Prime 
Minister, Kim Carr and Gary Gray undertook an 
inspection of the Synthetic Fuel & Catalysis Research 
Facility (SynCat).

Also in August, three graduate employees from the 
Australian Government Department of Resources, 
Energy and Tourism (DRET) visited ARRC to collect 
information for their research project “Sustaining 
the resources investment pipeline through increased 
productivity”. The group was given an overview of the 
technical issues that impact the minerals and petroleum 
industries in Australia, and CSIRO’s research response to 
these. The information was incorporated into an internal 
document for the Department and presented to the 
DRET Executive Board, with the intention of informing 
future work undertaken by the Department.

International visitors
ARRC hosted numerous international visitors in 2013 
with several larger delegations adding to the continual 
stream of individuals. 

With the Australasian Oil and Gas Exhibition and 
Conference (AOG) for 2013 held in Perth in February, a 
Norwegian Centre of Expertise NCE Subsea arranged 
a study tour to Perth for its members. In conjunction 
with the AOG activities, the group of research delegates 
visited ARRC to become familiar with WA:ERA oil 
and gas related activities, and discuss any potential for 
collaborative research. After being given an overview 
of both WA:ERA and CSIRO and inspecting the 
Hytra hydrates flow loop, the SynCat facility and the 
hydrocarbon sensors laboratory, the group also visited 
Curtin University and UWA.

Premier Colin Barnett also visited the Pawsey Centre 
in July, to see the Centre in action first-hand prior to its 
official launch in November. The Premier was briefed by 
iVEC Executive Director Dr Neil Stringfellow and Deputy 
Director Dr George Beckett on the operation of the 
Centre, the range of research efforts it is contributing 
to, and the plans for its Phase 2 development to full 
capacity in 2014. As one of the most significant pieces of 
science infrastructure in Australia, the Pawsey Centre is 
exponentially increasing the supercomputing resources 
available to researchers acoss the country.

In July, Ms Jennifer Ma, Business Development Manager 
for the Western Australian Trade Office in Shanghai, 
China, and Ms Yolanda Sun, Market Development Officer 
– Resources and Industry Development for the Western 
Australian Department of Trade Development, visited 
and were given an overview of ARRC and its minerals 
research activities, followed by a tour of several research 
laboratories and the Pawsey Centre.

Two delegations from Austrade visited ARRC over 
the course of the year. A team of five staff from 
Austrade in Perth spent a morning at ARRC in July, 
hosted by Dr Chris Yeats of CSIRO Earth Science and 
Resource Engineering (CESRE). The delegation was 
interested in the research capabilities available in both 
minerals and petroleum across the entire value chain, 
and aimed to better understand how ARRC partners 
work with companies to address research problems 
and how technology is transferred in the oil and gas, 
advanced manufacturing and mineral processing areas. 

Premier Hon. Colin Barnett with Dr Tom Hatton, CSIRO 
Group Executive Energy, Dr Neil Stringfellow, iVEC Executive 
Director, and Dr George Beckett, iVEC Deputy Director 
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Mr Tevin Vongvanich, President and CEO of PTT 
Exploration and Production Public Company Limited 
(PTTEP), also visited CSIRO at ARRC in October, along 
with PTTEP’s Executive Vice President, Mr Somporn 
Vongvuthipornchai, and Advisor on International 
Relations, Mr Charlie Charuvastr. PTTEP is the 
state-owned oil company of Thailand for petroleum 
exploration, development and production, and operates 
oilfields on the North West Shelf and the Timor Sea. 
Discussions covered CSIRO’s research in oil and gas 
exploration and production, particularly enhanced oil 
recovery, unconventional resources, gas processing 
and gas-to-liquids. PTTEP is also seeking to establish 
a Thai petroleum research and development institute, 
and the visitors were particularly interested in the 
role of CSIRO generally, its organisational structure, 
what services it offers, and existing collaborative and 
international arrangements.

In May, a delegation from the Institute of Remote Sensing 
and Digital Earth of the Chinese Academy of Sciences 
(CAS) visited ARRC for a number of days as part of a 
two-week trip to CESRE’s Mineral and Environmental 
Sensing Group in Perth and Sydney to workshop the basis 
of a collaborative project application for the next round 
of CAS–CSIRO funding. The outcome of the workshop 
was to develop a project on the assessment of multi-
temporal Advanced Spaceborne Thermal Emission and 
Reflection (ASTER) data for measuring/mapping soil loss 
in dryland areas exposed to wind erosion. Such work will 
build on the success of CSIRO’s Australian ASTER maps 
(see Awards and Recognition, page 28) by extending 
this opportunity into environmental applications. The 
CAS–CSIRO project has now been accepted and will be 
co-funded by the CSIRO Earth Observation Informatics 
transformational capability platform, CESRE and the 
CAS–CSIRO funding scheme.

In June, a group of 32 senior academics and managers 
from universities across Niger, Mozambique, Zambia, 
Ghana, Liberia, Mongolia, Indonesia, Peru and the 
Phillipines visited ARRC to discuss tertiary education 
in the resource sector. Funded by AusAID through the 
International Mining for Development Centre (IM4DC), 
the group was interested in how ARRC partners 
participate in developing and delivering education 
programs for the resources sector at both undergraduate 
and postgraduate levels, and coordinate research and 
education initiatives such as the Minerals Tertiary 
Education Council, AMIRA International and Cooperative 
Research Centres (CRCs). After having presentations 
and discussions about ARRC and its minerals research 
activities, WA:ERA and the NGL, the group toured 
several research laboratories and the Pawsey Centre.

In October, Mr Paul Doucette from GE Oil and Gas 
visited CEO of WA:ERA, Mr Kym Bills, and Dr Tom 
Hatton, Group Executive Energy CSIRO, to discuss 
the new Gas and Oil Technologies Implementing 
Agreement (GOT IA) of the International Energy Agency 
(see research highlight page 21). GE Oil and Gas is the 
operating agent for this new initiative, with CSIRO the 
Australian representative. The three laid the foundation 
for future dialogue and activity within the GOT IA, which 
aims to encourage the adoption of advanced technologies 
and operating practices improving the safety, sustainability 
and efficiency of global hydrocarbon supplies.

The Gas and Oil Technologies 
Implementing Agreement 

aims to encourage the adoption 
of advanced technologies 
and operating practices 

improving the safety, sustainability 
and efficiency of global 
hyrdrocarbon supplies.
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Research Highlights –  
Mineral Exploration

WA ASTER geoscience map of iron oxide composition
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Distal footprints of giant ore systems
Australia is an old continent with much of its remaining 
mineral endowment obscured by a thick “cover” of 
weathered rock, sediment and soil materials. This 
presents a critical challenge for mineral exploration now 
and into the future, as the industry currently lacks the 
fundamental data, scientific knowledge and technological 
tools needed to discover new, world-class ore deposits 
buried deep under this cover.

Aligning with the Australian Academy of Sciences 
UNCOVER initiative to boost exploration geosciences 
research in Australia, and the Federal Government’s 
National Exploration Strategy, the distal footprints of 
giant ore systems project was launched in August. This 
collaboration between CSIRO, UWA (through the 
Centre for Exploration Targeting), Curtin University 
and the Geological Survey of Western Australia, in 
partnership with approximately ten junior and one major 

exploration company, aims to address the key technical 
risks impeding future greenfield exploration.

The key to discovering new resources under cover is 
the ability to detect and recognise the distal footprints 
(faint mineral signatures) of deep giant ore systems. 
This SIEF supported four-year collaborative project 
(with a total lifetime value of $13.4 million) will create a 
distal footprints ‘toolkit’, an inter-related suite of tools 
(know-how, methods  and new field and laboratory 
analysis techniques) useful for practical exploration in 
areas of cover. The toolkit will create an exploration 
workflow that greatly assists with the process of 
exploration targeting and the application of field campaigns. 

The toolkit will bring new data, new interpretations, new 
understandings and new technologies to help discover 
mineral wealth deep under cover, opening up new 
exploration frontiers and improving mineral exploration 
decision making in the Australian context. It will assist 
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with developing mineral exploration technologies and 
processes to identify the telltale ‘footprints’ or mineral 
signatures of deposits under covered terrain, inevitably 
increasing exploration success. 

In the first instance the project will focus on the 
Capricorn region of Western Australia, a poorly 
explored and poorly understood region, with potential 
mineralisation largely under thick cover. The project 
is assembling a collaborative multidisciplinary team 
of around 17 researchers and research students to 
‘deconstruct’ this area of crust to better identify and 
characterise the very distal signatures of major ore 
deposits, and improve their detection against regional 
background signatures.  

Using a 3D and 4D knowledge of the crust to define 
prospective areas, and developing appropriate sampling 
and testing methodologies of the cover, will unlock 
potential mineralisation signatures within it. This can 
potentially identify where you are spatially in the distal 
footprint of an economic ore body.

This approach is unique within Australia, and the team 
aims to eventually provide geophysical data sets that 
map products across the area, a field guide to the area, 
an assessment of mineralogical indicators that can be 
used as predictive indicators for mineral exploration, 
and a consistent approach to dealing with cover as an 
exploration challenge.  

Geoscience enters the cloud
The national geoscience data network, developed by 
CSIRO, AuScope, all state and territory Geological 
Surveys and Geoscience Australia, has now entered the 
cloud, using the National Computational Infrastructure’s 
National eResearch Collaboration Tools and Resources 
(NeCTAR) Cloud facility. Expanding on the Spatial 
Information Services Stack (SISS) and the AuScope 
Grid, the network makes numerous nationally 
distributed datasets and computing resources more 
easily accessible and interoperable, unlocking a wealth 
of geoscience information for research, industry and the 
wider community.
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The network features virtual laboratories that 
exploit cloud computing, with the Virtual Geophysics 
Laboratory launched in February. Large datasets can 
now be integrated and processed online in the cloud in 
a fraction of the time traditionally taken on a desktop 
computer. This is enabling scientists to tackle the large 
multidisciplinary issues impacting on our society and 
environment, such as sustainable development of minerals 
and energy sources, water security and climate change.

The underlying SISS architecture that enables 
interoperable data exchange was announced as 
the reference architecture and implementation for 
the Australian National Environmental Information 
Infrastructure in late 2012. It is now being increasingly 
implemented in the information platform for bioregional 
assessment being deployed at Geoscience Australia 
and the Bureau of Meteorology. It is already in use in all 
state and territory Geological Surveys and supports an 
expanding range of collaborative research efforts.

As an example of the information now accessible and 
compatible across research domains, the Landsat scene 
archive of the Australian reflectance grid became widely 

available in June from Geoscience Australia using its 
SISS-powered infrastructure. This provides access to 
approximately 110,000 individual Landsat scenes over 
the Australian continent from 2000 to 2010. The data 
has been corrected for sun and sensor angles and 
atmospheric effects, allowing time-series analysis and 
integration with other spatial information.

The national geoscience data network, the AuScope 
Grid and SISS are making earth science data from 
organisations across Australia increasingly accessible, 
interoperable, and ultimately useful for research and 
decision making, allowing the big questsions to be asked, 
and ultimately answered.

Large datasets can now be 
integrated and processed 
online in a fraction of the 

time traditionally taken on a 
desktop computer.
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Gold in gum leaves
Long-term CSIRO research has led to a Nature 
Communications paper and a CSIRO press release that 
has attracted worldwide media coverage. “Gold in gum 
leaves” has become a big story. 

CSIRO geochemist, Dr Mel Lintern, has been studying 
gold in eucalypts since 1987, culminating in a major industry 
project (through AMIRA) that was completed almost 
three years ago. Confidentiality agreements meant the 
work could not be publicly disseminated until recently. 
A paper, “Natural gold particles in Eucalyptus leaves and 
their relevance to exploration for buried gold deposits”, 
was finally published in Nature Communications in 
October, with Dr Lintern as the lead author. The story 
arising from CSIRO’s media release was published in major 
news outlets around the world, and reached a cumulative 
audience estimated at 6.7 million people within Australia.

Although the idea of gold in vegetation growing 
near gold deposits is no longer novel, the paper was 
groundbreaking because for the first time it gathered 
unequivocal evidence to show that the gold was 
transported up into trees through a biological mechanism, 
rather than being externally deposited by airborne dust. 
Using CSIRO’s Maia Mapper for x-ray elemental imaging 
at the Australian Synchrotron, Dr Lintern’s team was able 
to show that the gold existed within both the vascular 
system and the cells of leaves.  

Field research has detected gold at up to 80 parts per 
billion (ppb) in dried eucalyptus leaves from trees directly 

above a known gold deposit, compared to background 
levels of less than 1 ppb in trees 200 m away. Anomalous 
gold concentrations have also been found in the gummy 
leaf-coating substances of eucalypts growing above a gold 
deposit 35 m underground. However the possibility of 
airborne contamination could not be excluded in either 
case. By growing seedlings in greenhouses insulated from 
airborne dust and watering them with gold-doped water, 
the team demonstrated that trees draw up the gold 
from the water through their root system, and deposit 
it within the leaves. The x-ray synchrotron evidence 
confirmed that gold existed not just on the surface of the 
leaves, but also within the vascular system, in both field 
and laboratory samples, confirming a biological uptake 
mechanism from groundwater.

Dr Lintern and his team have confirmed the presence of 
gold in about 12 species of eucalypt and over 30 different 
plant types, including spinifex. Both eucalypts and spinifex 
have root systems that may go down 20 m or more, 
accessing mineralisation below thick layers of cover.

The team’s more recent work has concentrated on better 
understanding the distribution of gold within plants to 
optimise collection, sample preparation and analytical 
protocols for mineral exploration. They have also been 
cross-referencing as many case histories as possible, 
working out why gold (and other metallic elements) in 
biota may be good indications of buried mineralogy in 
some areas, but less so in others: what characteristics of a 
specific site favour or hinder this type of bioexploration?

Fluorescence microscope image showing up gold (circled), copper and strontium in a gum leaf
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Analysing the mineral content of vegetation may eventually provide a 
routine, cost-effective and environmentally friendly way of locating and 
assessing mineral deposits, particularly in areas where sedimentary cover 
dominates. The media attention is perhaps unsurprising: a new exploration 
technique, applicable across numerous habitats and areas of Australia 
(and further abroad), and one that does not require drilling (at least 
in the initial stages). 

Root systems accessing mineralisation

Calcium deposits can also be detected in 
gum leaves, as shown above
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Research Highlights –  
Petroleum Exploration and Production

A conductivity, temperature and depth (CTD) sensor about to be deployed into the sea
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Gas and Oil Technology 
Implementation Agreement
The unconventional gas revolution has the potential 
to make a significant contribution to the availability of 
natural gas in the world’s energy mix, and to contribute 
to a reduction in carbon intensity. Much remains to be 
done to access this resource in a sustainable way and to 
do so with full community support. The challenge today 
is to apply the best technology to address the remaining 
barriers, to improve community confidence, and to make 
available this valuable resource.

Technology is a key factor needed to respond to the 
changing energy landscape of oil and gas supply, and 
is also a major driver for strategic change. The global 
oil and gas community must broaden the dialogue 
between government and industry, enhancing information 
exchange and improving knowledge of technology needs 
and trends, to respond to the major challenges facing 
energy developments in the 21st century.

To this end, the International Energy Agency (IEA), an 
autonomous organisation that works to ensure reliable, 
affordable and clean energy for its 28 member countries 
and beyond, approved a new initiative within its energy 
technology network, the Gas and Oil Technologies 
Implementing Agreement (GOT IA) in March, and 
launched it in September in conjunction with the 68th 
Session of the General Assembly of the United Nations 
in New York. Australia is a member country of the IEA, 
and in April, Australia’s Minister for Industry nominated 
CSIRO as the Australian contracting party to the 
agreement on behalf of the Australian Government.

The GOT IA aims to create a global dialogue leading to a 
strategic vision, and will address technology gaps, business 
cases, incentives and technology drivers leading to safer 
and more sustainable development and use of the world’s 
natural gas and oil resources. It provides a framework for 
governments, industry, research institutions, academia 
and non-government organisations to collaborate, identify 
and address the big challenges in oil and gas technology. 
By encouraging the adoption of advanced technologies 
and operating practices, and providing guidance on 
key developments and related policy and regulatory 
measures, it aims to improve the safety and sustainability 
of global hydrocarbon supply.

The founding members of GOT IA have selected GE Oil 
and Gas as the Operating Agent for the new Agreement, 
connecting the Executive Committee and the Lead 
Parties for the major thematic task areas. CSIRO already 
has a strategic alliance with GE, and is anticipating 
further involvement in light of this appointment. The 
task areas have already been identified as: i) subsurface 
exploration and enhanced recovery; ii) cost-effective 
drilling and well intervention; iii) production, processing 
and transportation; iv) clean and safe hydrocarbons; and 
v) the role of technology in determining the future of gas 
in the energy mix.

Through its involvement with the GOT IA, CSIRO will 
be a part of the ‘big picture’ thinking on future trends in 
oil and gas technology developments, and be part of the 
collaborative information exchange identifying technology 
gaps, encouraging development and implementing policy 
to move towards a sustainable, secure and efficient 
energy future. 

A conductivity, temperature and depth (CTD) sensor 
about to be deployed into the sea

Big picture 
thinking for 
oil and gas 

development
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BP and the Great Australian 
Bight partnership
The Great Australian Bight is a unique marine environment: 
over 85 per cent of known species in the region are found 
nowhere else in the world. It supports Australia’s largest 
commercial fishery, and is a significant tourist destination 
for whale watching. It has also been identified as 
prospective for oil and gas, and BP was granted exploration 
rights in 2011. It is a vast area of ocean, but unfortunately 
very little is known about how it supports such diverse 
marine life, particularly the deep water ecosystems.

A unique new project is set to change that. The Great 
Australian Bight Research Program was launched 
in April, and brings together BP, CSIRO, the South 
Australia Research and Development Institute (SARDI), 
the University of Adelaide and Flinders University to 
unlock the secrets of the deep. The four-year, $20 
million collaborative research program will improve our 
understanding of the environmental, economic and social 
value of the Great Australian Bight.

The collaboration will deliver one of the largest 
whole-of-ecosystem studies ever undertaken in Australia, 
and will underpin decision making for future marine 
resource management and sustainable development in 
the region. It is imperative that we know what is out 
there, and how the ocean system works, to be able to 
predict, measure and monitor any environmental impacts 
resulting from development.

The program has seven multidisciplinary research themes 
covering: i) oceanography, modelling and understanding 
the dynamic effect of the physical ocean on the seafloor 
and ocean-dwelling biodiversity; ii) open water (pelagic) 
ecosystem and environmental drivers, collecting 
information on the community structure, dynamics and 
biodiversity of microbes, plankton and micronekton to 
assess the food web structure; iii) sea floor (benthic) 
biodiversity to develop metrics to monitor long-term 
changes; iv) ecology of iconic species and apex predators, 
such as whales, sea lions, dolphins, southern bluefin tuna 
and sharks, to develop movement and habitat models for 
these species; v) petroleum geology and geochemistry, 
to identify and characterise natural petroleum seepage 
in specific areas of the Bight; vi) socioeconomic analysis 
to profile communities potentially affected by oil and 
gas activities; and vii) integration and modelling, creating 
qualitative and quantitative ecosystem models that will 
be used to inform ecological and environmental risk 
assessments for future development activities that may be 
conducted in the Great Australian Bight.
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BP and the Great Australian 
Bight partnership continued
Importantly, given the scale of the project, the research 
data and results will be made available for the benefit 
of other stakeholders – Commonwealth and state 
regulators and governments, and a diverse range 
of research, community and environmental groups 
through publication in science journals, literature and 
published reports.

CSIRO researchers at ARRC contributing to the project 
are focused predominantly on the petroleum geology 
and geochemistry theme, building on the successful 
collaborations established with BP monitoring both spills 
and natural hydrocarbon seeps in the Gulf of Mexico. 
Their first research voyage was undertaken on the RV 
Southern Surveyor in April, where the hydrocarbon 
sensor team took 2,375 samples across nine days of 
sampling in the Bight. The survey covered depths of 200 
to 2,000 m, and included the deepest set of samples ever 
taken from the area.  

The team used a range of techniques and technologies 
including satellite, radar, information on ocean currents, 
measurements from the hydrocarbon sensor array, 
multibeam swath bathymetry and conventional water 
column profiling to map the morphology of the seabed 
and shallow sediments and attempt to identify potential 
point sources of hydrocarbons in the water. They also 
worked very closely with the benthic biodiversity team 
who were sampling the flora and fauna of the area, as 
natural hydrocarbon seeps provide a novel localised food 
source and are usually quite high sites of biodiversity.

In 2014 the team will develop a more detailed picture 
of hydrocarbon leakage in the Great Australian Bight, 
and link the sub-bottom profile to seismic data, to gain 
some understanding of the petroleum system before 
any exploration drilling occurs. They will also re-analyse 
samples from wells drilled in the area more than ten years 
ago, using newer technologies to look at fluid inclusions 
and model the sedimentary fill of the basin, to integrate 
into the data set.

It all adds up to reducing risk – not just exploration risk 
through providing calibration data for BP’s hydrocarbon 
models, but also environmental risk. Better understanding 
of the hydrocarbon systems prior to drilling means 
containment and mitigation strategies can be more 
closely tailored to local conditions, and and understanding 
of the baseline natural processes provides a starting point 
for environmental monitoring and assessment.

In combination with the other six research themes 
studying the oceanography, ecology, biodiversity and 
socio-economic value of the region, this landmark project 
aims to ensure that future developments in the Great 
Australian Bight coexist with the environment, existing 
industries and the community. 

CSIRO hydrocarbon sensor system underway onboard 
the research vessel
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UWA Oil & Gas Processing laboratories at ARRC
Collaboration between ARRC’s major research partners stepped up another notch with UWA’s Fluid Science and 
Resources Group moving from UWA’s Crawley campus to ARRC in October. The 35-strong research group, led by 
Winthrop Professor Eric May, the Chevron Chair of gas process engineering, and Winthrop Professor Mike Johns, 
Chair of chemical and process engineering, is primarily focused on natural gas processing and related activities.

The group pursues several research themes, all of which compliment with activities at ARRC and will be strengthened 
through co-location and better opportunities for collaboration. One is gas hydrates, with existing ties to CSIRO’s team 
using the Hytra Flow Loop set to be broadened through closer interaction. Another theme is advanced gas recovery 
related to geosequestration of CO2. The group is already part of the National Geosequestration Laboratory (NGL) 
and contributing to the South West Hub project, and will benefit from closer synergies with CSIRO researchers on 
the same project. In the CO2 research area the group also interacts frequently with Curtin University’s petroleum 
engineering group, which is also based at ARRC.

A third area of research relies on better understanding the thermodynamics of gases to improve gas processing and 
purification. The group has a very close alliance and a number of research projects with Chevron, and as such will 
benefit from co-location with the hub of the WA:ERA as Chevron is one of its major industry partners.

Every activity of the 
group has the potential to 
expand and benefit from 
increased collaboration with 
both CSIRO and Curtin 
researchers on site at 
ARRC, as the group itself 
expands into the 590 m2 of 
laboratory space that UWA 
has retrofitted to suit its 
specific requirements.

It is a natural fit.

Schematic of UWA’s refurbished Oil & Gas Processing 
Laboratories at ARRC

Research strengthened 
by co-location and 

collaboration. 
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Awards and  
Recognition

PIPEASSURETM: a repair solution for subsea pipelines
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Dr Ravi Anand –  
Distinguished Lecturer

Dr Ravi Anand of CSIRO was awarded a Distinguished 
Lecturer position by the Association of Applied 
Geochemists for 2013–2014. In holding this position, 
Ravi will give a series of lectures around the world on 
the research he and his team have been conducting, 
particularly over the last ten years. While specialising 
in regolith geochemistry, biogeochemistry, regolith–
landscape evolution, weathering processes and 
geochemical exploration, he is presenting specifically 
on his team’s efforts to develop mineral exploration 
techniques through cover.  

He has already presented lectures in Chile, Brazil, the 
UK, New Zealand, and several cities in Canada and the 
USA about new detection technologies, mechanisms 
for anomaly formation through cover, and biological 
processes that can transfer metals from mineralisation 
to the surface. In 2014 he will continue his lecture tour, 
passing on his expertise in additional locations in Brazil 
and the USA.

Dr Jess Robertson –  
Fresh Science 

CSIRO Earth Science and Resource Engineering (CESRE) 
postdoctoral fellow, Dr Jess Robertson, was named as 
a Western Australian State finalist in April for the Fresh 
Science Awards. Focused on early career scientists, the 
awards allow finalists to participate in a one-day media 
and communication workshop where they can hone their 
skills in bringing science to a wider audience.

Dr Robertson’s research, featured in his finalist 
presentation, was conducted for his doctoral thesis at 
the Australian National University and focused on using 
waxes as a lava substitute to model lava flows. By creating 
‘lava in the lab’, Dr Robertson could study the processes 
that control lava flow emplacement, giving fresh insights 
into the formation and evolution of the Earth and most of 
the rocky planets of our solar system.
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ASTER Map –  
Explorer of the Year
In November 2012 the Centre of Excellence for 3D 
Mineral Mapping was announced as the Australian 
Mining Prospect Awards ‘Explorer of the Year’ for the 
development of the Advanced Spaceborne Thermal 
Emission and Reflection (ASTER) Mineral Map of 
Australia. The nearly 20-year ASTER project has 
involved CSIRO, Geoscience Australia, NASA, the 
US Geological Survey, Japan Space Systems, National 
Computing Infrastructure, the State and Territory 
Geological Surveys, Auscope Grid and numerous 
exploration and mining companies.  

Using a ten-year archive of raw satellite ASTER data, 
the team developed the world’s first suite of maps 
that show the mineral composition of the surface of 
an entire continent – in this case Australia. The maps 
are helping mining companies increase the efficiency of 
their exploration efforts, and have already led to a new 
copper–gold discovery.

Tom Cudahy with the award for Aster
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WA:ERA 10th anniversary
In October the WA:ERA celebrated its 10th anniversary 
with an event at the UWA Club. Established on 18th 
September 2003, WA:ERA with its joint venture 
partners CSIRO, UWA and Curtin University fosters 
collaboration and resourcing for petroleum and 
geosequestration related research. Nearly 50 guests 
spanning the WA:ERA partners and numerous 
industry representatives were addressed with regard 
to WA:ERA’s history and impact by WA:ERA Chair, 
Mr David Agostini; WA:ERA CEO, Mr Kym Bills; Mr Tim 
Walton of Curtin; Ms Jill Stajduhar and Professor 
David White of UWA; Dr Ben Clennell of CSIRO, 
and Professor Lynne Beazley AO, Western Australian 
Chief Scientist.

WA:ERA and key industry partners Woodside 
and Chevron have focused on several key research 
and development innovation areas over the last 
decade, including Liquified Natural Gas (LNG) and 
gas processing, corrosion and reliability engineering, 
geosciences and reservoirs, flow assurance, 
unconventional gas, and carbon storage. An industry 
impact study conducted in 2010 estimated the value of 
a subset of WA:ERA research to be $354–623 million 
(present value over 25 years).

Linda Stalker (CSIRO) and Tim Walton (Curtin University)

L-R: Gary Jeffery (Xstate Resources), David Agostini 
(Chairman WA:ERA) and Kym Bills
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Industry Clients
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•	Adelaide Resources

•	AGL

•	Alkane Resources

•	APLNG

•	ANLEC R&D

•	Barrick Gold Corporation

•	Beach Energy

•	BG Energy Holdings

•	BHP Billiton

•	Cameco Corporation

•	Chevron

•	Codelco

•	Conoco Phillips

•	Corelab (Indonesia and United   
 Kingdom)

•	CVRD (Brazil)

•	De Beers

•	Department of Industry and   
 Resources, Western Australia

•	Department of Mineral Resources,  
 New South Wales

•	Department of Primary Industries  
 and Resources of South Australia

•	Department of Primary Industries  
 (DPI) of Victoria –  
 Geoscience Victoria

•	Deutsche Forschungsgemeinschaft

•	ENI Australia

•	ExxonMobil

•	Falconbridge

•	Geolnformatics

•	Geological Survey of  
 Western Australia

•	Geoscience Australia

•	Goldfields

•	Halcyon Resources

•	Heron Resources

•	 Independence Group

•	 Icon Technologies

•	 Inco Technical Services

•	 INPEX Corporation

•	 InterMet Resources

•	 InterOil

•	 Jabiru Metals

•	 Japan Vietnam Petroleum Company  
 (JVPC)

•	 Johnson Matthey

•	Kerr-McGee

•	Leviathan Resources

•	LionOre Australia

•	Magellan Metals

•	Minara Resources

•	Mincor

•	Minerals and Energy Research  
 Institute of Western Australia   
 (MERIWA)

•	Minotaur Exploration

•	Multiplex

•	Murphy Oil

•	Nautilus Minerals

•	Neptune Resources

•	Newmont Australia

•	Oil Search

•	Oolithica (United Kingdom)

•	Origin Energy

•	Patterson Instruments

•	Pilbara Iron

•	Placer Dome

•	PETROBRAS

•	PETRONAS

•	Queensland Gas Company

•	Regis Resources

•	Rio Tinto

•	Santos

•	Saudi Aramco

•	SGS Minerals

•	SINOPEC

•	Shell

•	Southern Gold

•	Stellar Resources

•	Sumitomo Metal Mining

•	Teck Cominco

•	Tethyan Copper

•	TOTAL

•	WMC Resources

•	Woodside Energy

•	Zinifex
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The role of the ARRC Advisory Committee is to provide focus and direction for ARRC’s activities, thus ensuring 
maximum benefit to Western Australian industry, research organisations and the community.

It also oversees the research plans for the Centre, and annually reviews the activities of the Centre against 
its objectives. The Committee meets twice yearly, and comprises representatives from research institutions, 
government agencies and industry.

Member

Adj. Professor  
David Agostini

Dr Thomas Hatton 

Professor Lyn Beazley

 
Mr Jeff Gresham

Dr Steve Harvey

Dr Peter Moore

Dr Mike McWilliams

Dr Rick Rogerson

 
 
Mr Tim Shanahan

 
Mr Tim Walton 

Position

ARRC Chair  

ARRC AC Secretariat 
Group Executive Energy

Chief Scientist of  
Western Australia

Industry Representative

Deputy Chief, CESRE

Industry Representative

Chief, CESRE

Executive Director

 
 
Director,  
Energy and Minerals Initiative

Director,  
Resources and Sustainability

Organisation

Independent 

CSIRO 

Independent

 
Gresham Mineral Consulting Services

CSIRO

Woodside Energy Limited

CSIRO

Geological Survey of Western Australia, 
Western Australian Department of  
Mines and Petroleum

The University of Western Australia 

Curtin University
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X-ray CT scanner
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3D     three-dimensional

4D     four-dimensional

AARNET Australia’s Academic and Research   
     Network

ABS   Australian Bureau of Statistics

AOG   Australasian Oil and Gas Exhibition  
     and Conference

ARCF   Advanced Resource Characterisation  
     Facility

ARRC   Australian Resources Research Centre

ASTER  Advanced Spaceborne Thermal  
     Emission and Reflection 

C3DMM  Western Australian Centre of   
     Excellence for 3D Mineral Mapping

CAS   Chinese Academy of Sciences

CCS   Carbon Capture and Storage

CEO   Chief Executive Officer

CESRE  CSIRO Earth Science and  
     Resource Engineering

CO2   carbon dioxide

CO2CRC Cooperative Research Centre for   
     Greenhouse Gas Technologies

CRC   Cooperative Research Centre

CSIRO  Commonwealth Scientific and Industrial  
     Research Organisation

DMP   Department of Mines and Petroleum

DPI    Department of Primary Industries 

DRET   Department of Resources, Energy  
     and Tourism

EIF     Education Investment Fund

GOT IA  Gas and Oil Technologies Implementing  
     Agreement

IEA    International Energy Agency

IM4DC  International Mining for Development  
     Centre

iVEC   The hub of advanced computing in   
     Western Australia

JVPC   Japan Vietnam Petroleum Company

LNG   Liquified Natural Gas

LPG   Liquified Petroleum Gas

MERIWA Minerals and Energy Research Institute  
     of Western Australia

NASA   National Aeronautics and Space   
     Administration 

NeCTAR National eResearch Collaboration Tools  
     and Resources 

NGL   National Geosequestration Laboratory

NMI   National Measurement Institute

NRSP   National Resource Sciences Precinct

ppb    parts per billion

PTTEP  PTT Exploration and Production Public  
     Company Limited

SARDI  South Australia Research and   
     Development Institute

SESKA  Sustainable Energy for the Square   
     Kilometre Array

SIEF   Science and Industry Endowment Fund 

SIMS   Secondary Ion Mass Spectrometry

SISS   Spatial Information Services Stack 

SKA   Square Kilometre Array

UWA   The University of Western Australia

WA:ERA Western Australian Energy Research  
     Alliance

WAGCoE Western Australian Geothermal 
     Centre of Excellence



2013  ARRC Industry and Research Report



ARRC Industry and Research Report  2013

ARRC Industry and Research Report 2013 was written by Kitty Drok, Transmogrify 

and designed by Angelo Vartesi, CSIRO Creative Services WA.

Images courtesy of CSIRO, UWA and Curtin University.

© Commonwealth of Australia 2013

This work is copyright. Apart from any use as permitted under the Copyright Act 1968, 
no part may be reproduced by any process without permission from the Commonwealth. 
Requests and enquiries concerning reproduction and rights should be addressed to the 
Commonwealth Copyright Administration, Attorney-General’s Department, Rovert Garran 
Offices, National Circuit, Barton ACT 2600 or posted at: 

http://www.ag.gov.au/cca



2013  ARRC Industry and Research Report

Australian Resources Research Centre
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Technology Park 
KENSINGTON WA 6151
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